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1. List of abbreviations for register

Abbreviation

Describe

Read/write (rw)

Software can read and write to this bit.

Read-only (r)

Software can only read this bit.

Write-only (w)

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

Read/clear writeO (rc_wO0)

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

on the bit value.

Read/clear writel (rc_w1)

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

on the bit value.

Read/clear write (rc_w)

Software can read as well as clear this bit by writing register. Writing to this bit

has no effect.

Read/clear by read (rc_r)

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

Read/set by read (rs_r)

Software can read this bit. Reading this bit automatically clears it to ‘0’. Writing

this bit has no effect on the bit value.

Read/set (rs)

Software can read as well as set this bit to ‘1. Writing ‘0’ has no effect on the bit

value.

Toggle (t)

Software can toggle this bit by writing ‘1’. Writing ‘O’ has no effect.

Reserved (Res)

Reserved bit, must be kept at reset value.
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2. System architecture
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3. Memory and bus architecture

3.1. System architecture

The system consists of the following parts:
B Two masters:

»  Cortex-M0+

» General-purpose DMA
B Three Slaves

» Internal SRAM

» Internal Flash memory

»  AHB with AHB-APB Bridge

GPIO Ports
AB,F

Flash memory interface h Flash memory

1

SRAM

ARM
Cortex-MO+ ‘m Bus matrix

Core

IOPORT

11

AHB-to-APB bridge APB

SYSCFG,
ADC,
COMP1,COMP2,
TIM1,TIM3,
TIM14,TIM16,TIM17
LPTIM,
IWDG,WWDG,
RTC,PWR,
12¢,
USARTL, USART2,
SPI1,
DBGMCU

OMAChamnels 1103 hmm»

A

Figure 3-1 System architecture
B System bus
This bus connects the system bus of the Cortex-MO+ core to a Bus Matrix which manages the arbitration
between the CPU and the DMA.
B DMA bus
The bus connects the AHB master interface of the DMA to the Bus Matrix which manages the access
of CPU and DMA to SRAM, Flash memory and peripherals of AHB/APB.
B Bus Matrix
The Bus Matrix manages the access arbitration between the CPU bus and the DMA master bus. This
arbitration uses the Round Robin algorithm. The Bus Matrix is composed of masters (CPU and DMA)
and slaves (SRAM, Flash memory and AHB-to-APB bridge).
B AHB-to-APB bridge (APB)
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The AHB-to-APB bridge provides a synchronous connection between the AHB and APB buses to the
peripheral address mapping of the Bridge.

3.2. Memory organization

3.3. Introduction to memory structure

Program memory, data memory, registers and I/O ports are organized within the same linear 4-GBytes
address space. The bytes are coded in memory in Little Endian format (in a word, the lowest numbered
byte is considered the world’s least sinificant byte).

The addressable memory space is divided into 8 main blocks, each of 512 MBytes.

OXFFFF FFFF
ARM Cortex MO+
0xE000 0000 Internal periphrals
Block 6
0xC000 0000 0x5001 1FFF
IOPORT 0x5000 0000
Block 5
0x4002 63FF
0xA000 0000 AHB
0x4002 0000
Block 4
0x4001 5BFF
APB
0x8000 0000 0x4001 0000
Block 3 0x4000 ATFF
APB
06000 0000 0x4000 0000
Block 2 OXLFFF FFFF
. Reserved
Periphrals Ox1FFF 1000
0x4000 0000 Flessiiel OXLFFF OF80
Factory config. bytes OXLFFF OF00
Block 1 Option bytes OX1FFF OE80
uib OX1FFF 0E00
0x2000 0000 RAM System memory
Ox1FFF 0000
0x0800 FFFF
Block 0
Code Main flash
0X0000 0000 0x0800 0000
Main flash/ 0x0000 FFFF
System flash/
Addressable space RAM 0x0000 0000
Figure 3-2 Memory map
Table 3-1 Memory boundary addresses
Type Boundary Address Size Memory Area Description
0x2000 2000 - Ox3FFF FFFF 512 MBytes Reserved
SRAM Depending on the hardware, the
0x2000 0000 - 0x2000 1FFF 8 KBytes | SRAM pending ; '
maximum SRAM is 8 KBytes
Cod Ox1FFF 1000 - Ox1FFF FFFF 4 KBytes Reserved
ode
Ox1FFF OF80 - Ox1FFF OFFF 128 Bytes Reserved
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Type Boundary Address Size Memory Area Description
Store HSI triming data, Flash
Ox1FFF OFQO0 - Ox1FFF OF7F 128 Bytes Factory config erasing time configuration pa-
rameters
0x1FFF OE80 - Ox1FFF OEFF 128 Bytes Option Bytes option Bytes
O0x1FFF OEQO - Ox1FFF OE7F 128 Bytes uiD Unigue ID
0x1FFF 0000 - Ox1FFF ODFF 3.5 KBytes System memory Store the boot loader
0x0801 0000 - OX1FFF FFFF 384 MBytes Reserved
0x0800 0000 - 0x0800 FFFF 64 KBytes Main Flash memory
0x0001 0000 - Ox07FF FFFF 8 MBytes Reserved
According to the Boot
configuration:
0x0000 0000 - 0x0000 FFFF 64 KBytes 1) Main Flash memory
2) System memory
3) SRAM

1. Exceptfor Ox1FFF OEQO - Ox1FFF OE7F, the above spaces are marked as reserved spaces, which cannot
be written and read as 0 with a response error occurs.
Table 3-2 Peripheral register address
Bus Boundary Address Size Peripheral
0XE000 0000 - OXEQOOF FFFF 1 MBytes MO+
0x5000 1800 - Ox5FFF FFFF 256 MBytes Reserved ®
0x5000 1400 - 0x5000 17FF 1 KBytes GPIOF
0x5000 1000 - 0x5000 13FF 1 KBytes Reserved
I/0 PORT 0x5000 0C00 - 0x5000 OFFF 1 KBytes Reserved
0x5000 0800 - 0x5000 OBFF 1 KBytes Reserved
0x5000 0400 - 0x5000 O7FF 1 KBytes GPIOB
0x5000 0000 - 0x5000 03FF 1 KBytes GPIOA
0x4002 3400 - Ox4FFF FFFF Reserved
0x4002 300C - 0x4002 33FF Reserved
1 KBytes
0x4002 3000 - 0x4002 3008 CRC
0x4002 2400 - 0x4002 2FFF Reserved
0x4002 2124 - 0x4002 23FF Reserved
1 KBytes
0x4002 2000 - 0x4002 2120 Flash
0x4002 1C00 - 0x4002 1FFF 3 KBytes Reserved
AHB 0x4002 1888 - 0x4002 1BFF Reserved
1 KBytes
0x4002 1800 - 0x4002 1884 EXTI®
0x4002 1400 - 0x4002 17FF 1 KBytes Reserved
0x4002 1064 - 0x4002 13FF Reserved
1 KBytes
0x4002 1000 - 0x4002 1060 RCC®
0x4002 0CO00 - 0x4002 OFFF 1 KBytes Reserved
0x4002 0040 - 0x4002 03FF Reserved
1 KBytes
0x4002 0000 - 0x4002 003C DMA
0x4001 5C00 - 0x4001 FFFF 32 KBytes Reserved
0x4001 5880 - 0x4001 5BFF Reserved
1 KBytes
0x4001 5800 - 0x4001 587F DBG
0x4001 4C00 - 0x4001 57FF 3 KBytes Reserved
0x4001 4850 - 0x4001 4BFF Reserved
1 KBytes
APB 0x4001 4800 - 0x4001 484C TIM17
0x4001 4450 - 0x4001 47FF Reserved
1 KBytes
0x4001 4400 - 0x4001 404C TIM16
0x4001 3C00 - 0x4001 43FF 2 KBytes Reserved
0x4001 381C - 0x4001 3BFF Reserved
1 KBytes
0x4001 3800 - 0x4001 3018 USART1
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Bus Boundary Address Size Peripheral
0x4001 3400 - 0x4001 37FF 1 KBytes Reserved
0x4001 3010 - 0x4001 33FF Reserved
1 KBytes

0x4001 3000 - 0x4001 300C SPI1

0x4001 2C50 - 0x4001 2FFF Reserved
1 KBytes

0x4001 2C00 - 0x4001 2C4C TIM1

0x4001 2800 - 0x4001 2BFF 1 KBytes Reserved

0x4001 270C - 0x4001 27FF Reserved
1 KBytes

0x4001 2400 - 0x4001 2708 ADC

0x4001 0400 - 0x4001 23FF 8 KBytes Reserved

0x4001 0220 - 0x4001 O3FF Reserved

0x4001 0200 - 0x4001 021F 1 KBytes COMP1 and COMP2

0x4001 0000 - 0x4001 O1FF SYSCFG

0x4000 B400 - 0x4000 FFFF 19 KBytes Reserved

0x4000 BO0O - 0x4000 B3FF 1 KBytes Reserved

0x4000 8400 - 0x4000 AFFF 11 KBytes Reserved

0x4000 8000 - 0x4000 83FF 1 KBytes Reserved

0x4000 7C28 - 0x4000 7FFF Reserved
1 KBytes

0x4000 7C00 - 0x4000 7C24 LPTIM

0x4000 7400 - 0x4000 7BFF 2 KBytes Reserved

0x4000 7018 - 0x4000 73FF Reserved
1 KBytes

0x4000 7000 - 0x4000 7014 PWR®

0x4000 5800 - 0x4000 6FFF 6 KBytes Reserved

0x4000 5434 - 0x4000 57FF Reserved
1 KBytes

0x4000 5400 - 0x4000 5430 12C

0x4000 4800 - 0x4000 53FF 3 KBytes Reserved

0x4000 441C - 0x4000 47FF Reserved
1 KBytes

0x4000 4400 - 0x4000 4418 USART2

0x4000 3C00 - 0x4000 43FF 1 KBytes Reserved

0x4000 3810 - 0x4000 3BFF Reserved
1 KBytes

0x4000 3800 - 0x4000 380C Reserved

0x4000 3400 - 0x4000 37FF 1 KBytes Reserved

0x4000 3014 - 0x4000 33FF Reserved
1 KBytes

0x4000 3000 - 0x4000 0010 IWDG

0x4000 2COC - 0x4000 2FFF Reserved
1 KBytes

0x4000 2C00 - 0x4000 2C08 WWDG

0x4000 2830 - 0x4000 2BFF Reserved
1 KBytes

0x4000 2800 - 0x4000 282C RTC®

0x4000 2420 - 0x4000 27FF
1 KBytes Reserved

0x4000 2400 - 0x4000 241C

0x4000 2054 - 0x4000 23FF Reserved
1 KBytes

0x4000 2000 - 0x4000 0050 TIM14

0x4000 1800 - 0x4000 1FFF 2 KBytes Reserved

0x4000 1400 - 0x4000 17FF 1 KBytes Reserved

0x4000 1030 - 0x4000 13FF Reserved
1 KBytes

0x4000 1000 - 0x4000 102C Reserved

0x4000 0800 - 0x4000 OFFF 2 KBytes Reserved

0x4000 0450 - 0x4000 O7FF Reserved
1 KBytes

0x4000 0400 - 0x4000 044C TIM3

0x4000 0000 - 0x4000 03FF 1 KBytes Reserved

1.

In the above table, the address space which marked as Reserved in AHB, cannot be written, read is 0 and

a hardfault is generated. And in APB is marked as the reserved address space, cannot be written, read is

0, and no hardfault will be generated.
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2.
3.

3.4.

3.5.

3.6.

Not only supports 32 bits word access, but also supports halfword and byte access.

Not only supports 32 hits word access, but also supports half word access.

Embedded SRAM

The PY32F003 features up to 8 KBytes of SRAM. It can be accessed as bytes, half-word (16 bits) or full
words (32 bits). A hard fault will be generated when the software reads and writes the space outside the

setting range.

Flash memory

Flash memory consists of two physical areas:
B Main Flash area, 64 KBytes, it contains application and user data.
B Information area, 4 KBytes, it includes the following parts:
» Factory config. bytes: 128 bytes, used to store trimming data (including HSI triming data),
power-on reading check code, etc.
» UID: 128 bytes, used to store the UID of the chip
» Option bytes: 128 bytes, used to store the configuration values of hardware and storage pro-
tection
»  System memory (system memory): 3.5 KBytes, used to store Boot loader
Flash memory interface implements instruction of reading and data access based on the AHB protocaol,

and it also implements the basic program/erase operations of the Flash through registers.

Boot mode

Three different boot mode can be selected through the BOOTO pin and boot selector option bit nBOOT1
(stored in the Option bytes), as shown in the following table:
Table 3-3 Boot mood

Boot mode selector pins Mode

nBOOT1 bit BOOTO pin
X 0 Main Flash memory is selected as the boot area
1 1 System memory is seleced as the boot area
0 1 Embedded SRAM is selected as the boot area

The values on the Boot pins are latched on the 4th SYSCLK after a reset. It is up to the user to set the

boot mode to choose according to the table above.

After this startup delay has elapsed, the CPU fetches the top-of-stack value from address 0x0000 0000,

then starts code executes from the boot memory starting from 0x0000 0004. Depending on the selected

boot mode, main Flash memory, system memory or SRAM is accessible as follows:

B Boot from main Flash memory: the main Flash memory is aliased in the boot memory space
(Ox0000 0000), but still accessible from its original memory space (0x0800 0000). In other word,
the Flash memory contents can be accessed starting from address 0x0000 0000 or 0x0800 0000.

B Boot from system memory: the system memory is aliased in the boot memory space (0x0000 0000),

but still accessible from its original memory space (Ox1FFF 0000).
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B Boot from the embedded SRAM: the SRAM is aliased in the boot memory space (0x0000 0000),
but still accessible at address 0x2000 0000.

3.6.1. Memory physical mapping

If boot mode is selected, the application software can modify the memory accessible in the program
space. This modification is determined by the MEM_MODE bit selection in the SYSCFG_CFGR1 reg-
ister (see the SYSCFG chapter for details).

3.6.2. Embedded boot loader

The embedded boot loader is located in the System memory, programmed during production. It is used
to reprogram the Flash memory using the following serial interface:
B USART corresponding to PA14/PA15 or PA9/PA10 or PA2/PA3.
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4. Embedded Flash memory

4.1. Key features
B Main Flash block: maximum 64 KBytes (16 k x 32 bits)
B Information block: 4 KBytes (1 k x 32 bits)
B Page size: 128 Bytes
B Sector size: 4 KBytes
The Flash control interface circuit features:
B Flash write and erase
B Read protection
B Write protection
4.2. Flash memory function introduction
4.2.1. Flash structure
Flash memory is composed of 32-bit wide storage units, which can be used for program and data
storage.
In terms of function, Flash memory is divided into main Flash and information Flash, the former has a
maximum capacity of 64 KBytes, and the latter has a capacity of 4 KBytes.
Page erase operation can be applied to Main Flash and System Flash, but sector erase can not be
applied to System Flash.
Mass erase can be applied to main Flash if there is no write protection setting, otheRWise it cannot be
applied to main Flash. Mass erase cannot be applied to system Flash with or without write protection.
Table 4-1 Flash structure and boundary addresses
Block Sector Page Base address Size
Sector O Page 0-31 0x0800 0000 - 0x0800 OFFF 4 KBytes
Sector 1 Page 32-63 0x0800 1000 - 0x0800 1FFF 4 KBytes
. Sector 2 Page 64-95 0x0800 2000 - 0x0800 2 FFF 4 KBytes
Main Flash
Sector 14 Page 448-479 0x0800 EO0O - 0x0800 EFFF 4 KBytes
Sector 15 Page 480-511 0x0800F000 - OXO800FFFF 4 KBytes
System Flash Page 0-27 Ox1FFF 0000 - Ox1FFF ODFF 3.5 KBytes
9]]p) Page 28 Ox1FFF OEQO - OX1FFF OE7F 128 Bytes
Option Bytes Sector 16 Page 29 Ox1FFF OE80 - Ox1FFF OEFF 128 Bytes
Factory config Page 30 Ox1FFF OFO00 - Ox1FFF OF7F 128 Bytes
Reserved Page 31 Ox1FFF OF80 - Ox1FFF OFFF 128 Bytes
4.2.2. Flash read operation and access latency

Flash can be used as a general memory space to accessed direct addressing. The contents of the
Flash memory can be read through a special read control sequence.

The instruction fetch and data access are both done through the AHB bus. Read can mange through
the Latency of the FLASH_ACR register, which is the read operation increase the wait state or not.
When it is 0, the wait state of the Flash read operation is not added, when it is 1, the Flash read
operation adds one wait state. This mechanism is specially designed to match high-speed system

clock and relatively low-speed Flash read speed.
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4.2.3.

4.2.3.1.

Flash program and erase operations

The Flash memory can be programmed by In -circuit programming (ICP) or In -application program-
ming (IAP).

ICP: Itis used to update the entire contents of the Flash memory, using the SWD protocol or the boot
loader to load the user application into the MCU. ICP provides quick and efficient design iterations and
eliminates unnecessary package handling or socketing of devices.

IAP: It can use any communication interface supported by the microcontroller to download program-
ming data into Flash memory. The IAP allows the user to re-program the Flash memory while the
application is running. Then, part of the application has to have been previously programmed in the
Flash memory using ICP.

If a reset occurs during Flash program and erase operations, the contents of the Flash memory are
not protected.

During a program and erase operations to the Flash memory, any attempt to read the Flash memory
will stall the bus. The read operation will proceed correctly once the program and erase operations has
completed. This means that code or data fetches cannot be made while programming and erasing
operations are in progress.

For program and erase operations, the HSI must be turned on.

Program and erase operations can be implemented through the following control interface-related reg-
isters :

B Access control register (FLASH_ACR)

B KEY register (FLASH_KEYR)

B Option byte key register (FLASH_OPTKEYR)

B Flash status register (FLASH_SR)

B Flash control register (FLASH_CR)

B Flash option register (FLASH_OPTR)

B Flash special area address register (FLASH_SAR)

B Flash w rite protection resister (FLASH_WRPR)

B Flash TSO register (FLASH_TSO0)

B Flash TS1 register (FLASH_TS1)

B TS2P register (FLASH_TS2P)

B Flash TPS3 register (FLASH_TPS3)

B Flash TS3 register (FLASH_TS3)

B Flash page erase TPE register (FLASH_PERTPE)

B Flash sector/mass erase TPE register (FLASH_SMERTPE)

B Flash program TPE register (FLASH_PRGTPE)

B Flash pre-program TPE register (FLASH_PRETPE)

Unlocking the Flash memory

After reset, the Flash memory is protected against unwanted (like caused by electrical interference)
write or erase operations. The FLASH_CR register is not accessible in write mode, except for the OB

L_LAUNCH bits, used to reload option bit. Every time to write or erase the Flash, must write the
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4.2.3.2.

FLASH_KEYR register, to generate an unlock sequence, and to open the access to the FLASH_CR
register.

This sequence consists of two steps:

Step 1: Write KEY1 = 0x4567 0123 to the FLASH_KEYR register

Step 2: Write KEY2 = OXCDEF 89AB to the FLASH_KEYR register

Any wrong sequence locks up the FLASH_CR register until the next reset. In the case of a wrong key
sequence, a bus error is detected and a Hard Fault interrupt is generated. This is done after the first
write cycle if KEY1 does not match, or during the second write cycle if KEY1 has been correctly written
but KEY2 does not match.

The FLASH_CR register can be locked again by user software by writing the LOCK bit in the
FLASH_CR register.

In addition, the FLASH_CR register cannot be written when the BSY bit of the FLASH_SR register is
set. In the meantime, any attempt to write FLASH_CR register will cause the AHB bus to stall until the
BSY1 bit is cleared.

Flash memory programming

The Flash memory can be programmed the entire page in units of 32 bits each time (hardfault will be

generated when the half word or byte operation is performed). The program operation is started when

the CPU writes a half-word into a main Flash memory address with the PG bit of the FLASH_CR

register set. Any non 32-bit write will cause a hard fault interrupt.

If the address is write-protected by the FLASH_WRPR register, the program operation is skipped and

a warning is issued by the WRPRTERR bit in the FLASH_CR register. At the end of the program

operation, the EOP bit in the FLASH_CR register will be set.

The Flash memory programming sequence is as follows:

1) Checkthat no Flash memory operation is ongoing by checking the BSY in the FLASH_SR register.

2) If no Flash memory erase or program operation is ongoing, the software reads out the 32 words
of the page (if the page already has data stored, perform this step, otheRWise skip this step).

3) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

4) Setthe PG bit and the EOPIE bit in the FLASH_CR register.

5) Programming to the target address from the 1st to 31st word (only accept 32 bits program).

6) Setthe PGSTRT in FLASH_CR register.

7)  Write the 32nd word.

8) Wait until the BSY bit of the FLASH_SR register to be cleared.

9) Check the EOP flag in the FLASH_SR register (It is set when the programming operation has
succeeded), and then clear it by software.

10) If there are no more program operations, software will clear the PG bit.

When the above step 7) is successfully executed, the program operation is automatically started, and

the BSY bit is set by hardware at the same time.

Flash Erase Operation
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4.2.3.3.

4.2.3.4.

4.2.3.5.

The Flash memory can be erased by page, or sector and mass erase (sector and mass erase do not

work for information memory).

Page erase

When a page is protected by WRP, it will not be erased and the WRPERR bit is set at this time. To

excution the page erase operation, the following steps need to be performed:

1) Check that no Flash memory operation is ongoing by checking the BSY in the FLASH_SR register.

2) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

3) Setthe PER bit and the EOPIE bit in the FLASH_CR register.

4) Write arbitrary data (32-bit data) to the page.

5) Wait for the BSY bit to be cleared.

6) Check that the EOP flag is set.

7) Clear the EOP flag.

Mass erase

The Mass erase can used to completely erase the entire main Flash memory, but the information block

is unaffected by this procedure. Additionally, when WRP is enabled, the mass erase function is disa-

bled and no mass erase operation occurs, the WEPERR bit is set.

The following sequence for mass erase:

1) Check that no Flash memory operation is ongoing by checking the BSY.

2) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

3) Setthe MER bit and the EOPIE bit in the FLASH_CR register.

4) Write arbitrary data (32-bit data) to the main Flash memory.

5) Wait for the BSY bit to be cleared.

6) Check that the EOP flag is set.

7) Clear the EOP flag.

Sector erase

The wector erase can be used to erase the main Flash of 4 KBytes, but the information block is unaf-

fected by this procedure. In addition, when a sector is protected by WRP, it will not be erased, and the

WRPERR bit is set.

The following sequence for sector erase:

1) Check that no Flash memory operation is ongoing by checking the BSY.

2) To release the protection of the FLASH_CR register by programming KEY1 and KEY2 to the
FLASH_KEYR register.

3) Setthe SER bit and the EOPIE bit in the FLASH_CR register.

4) Write arbitrary data to the sector.

5) Wait for the BSY bit to be cleared.

6) Check that the EOP flag is set.

7) Clear the EOP flag.

System memory is read-only and will never be programmed/erased.
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4.2.3.6. Program and erase time configuration

The write and erase time of the Flash must be strictly controlled. Otherwise, the operation may fail. If

you need to write and erase the Flash operation, you need to output frequency according to HSI. Refer
to FLASH_TSO, FLASH_TS1, FLASH_TS2P, FLASH_TPS3, FLASH_TS3,FLASH_PERTPE,
FLASH_SMERTPE, FLASH_PRGTPE, The description of FLASH_PRETPE configure the Flash write

and erase time control registers correctly.

4.3. Product Unique Identifier (UID)

Typical application scenarios for unique identifiers:

B Used as a serial number

B Use as a key or cryptographic primitive to increase code security when programming internal

flash memory

B To activate secure bootstrapping processes, etc.

The Product Unique Identity provides a reference number that is unique to any device.

The user can never change these bits. The unique identifier can also be read in different ways such

as single byte/half word/word and then concatenated using a customized algorithm.

Base address: Ox1FFF OEQO

Table 4-2 UID format

UID Bits
Offset address Description
7 | e | s | 4 | 3] 2] 1] o
0 Lot Numer Lot Number ASCII code
1 Lot Numer Lot Number ASCII code
2 Lot Numer Lot Number ASCII code
3 Lot Numer Lot Number ASCII code
4 Wafer Number Wafer Number
5 Lot Numer Lot Number ASCII code
6 Lot Numer Lot Number ASCII code
7 Lot Numer Lot Number ASCII code
8 Internal code Internal code
9 Low Y-coordinate Low Y-coordinate
10 Low X-coordinate Low X-coordinate
11 X,Y coordinate high address High Y-coordinate High X-coordinate
12 Fixed code 0x78
13 Internal code Internal code
14 Internal code Internal code
15 Internal code Internal code

4.4. Flash option byte

4.4.1. Flash option word
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Part of the information area is used as an option byte, which is used to store the hardware configuration

that the chip or the user needs to perform for the application. For example, the watchdog can be

selected in hardware or software mode.

For data security, the option bytes are stored separately in the code and one's complement code.

Table 4-3 Option byte format

31 [ 30 | 29 | 28 [ 27 [ 26 [ 25 [ 24

23 [ 22 | 21 | 20 | 19 | 18 | 17 |

16

Complemented Option byte 1

Complemented Option byte 0

15 [ 14 | 13 | 12 | 11 | 10 |

9

E 7 |6 |5 [4 [3 J2 1

o

Option byte 1

Option byte 0

The option bytes can be read from the memory locations listed in the table option byte organization or

from the relevant registers of the following option bytes :
B FLASH user option register (FLASH_OPTR)

B FLASH SDK area address register (FLASH_SDKR)
B FLASH WRP address register (FLASH_WRPR)

Table 4-4 Option byte organization

Word address Describe
Ox1FFF OE80 Option byte for Flash User option and its complemented
Ox1FFF OE84 Option byte for Flash SDK area address and its complemented
O0x1FFF OE88 Reserved
Ox1FFF OE8C Option byte for Flash WRP address and its complemented
Ox1FFF OEQ90 Reserved
Ox1FFF OE94 Reserved
Reserved
Reserved
Reserved
Ox1FFF OEFC Reserved

B Option byte for Flash User option
Flash memory Address offset: Ox1FFF OE80

Production value: 0x0155 BEAA

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from

the option bytes area of the Flash information memory and written to the corresponding option bit of

the register.

31 30 29 28 27 [ 26 | 25 24 23[22]21]20]19]18[17] 16
~NRST ~WWDG | ~IWDG ~BOR
~nBOOT1 MODE Sw Sw ~BOR_LEV[2:0] EN ~RDPJ[7:0]
R R R R R R R R RIRIR|IR|IR|R|R|R
15 14 13 12 11 10 9 8 716 |54 ]13]2]1]0
NRST WWDG IWDG BOR
nBOOT1 MODE sw sw BOR_LEV[2:0] EN RDP[7:0]
R R R R RIRI[R R RIRIR]IR]IRI]IRI|IRI]R
Bit Name R/W Function
31 ~nBOOT1 R One’s complement of nBOOT1
30 ~NRST_MODE R One’s complement of NRST MODE
29 ~WWDG_ SW R One’s complement of WWDG_SW
28 ~IWDG_ SW R One’s complement of IWDG SW
27:25 ~BOR_LEV[2:0] R One’s complement of BOR_LEV
24 ~BOR_EN R One’s complement of BOR_EN
23:16 ~RDP R One’s complement of RDP
15 nBOOT1 R Select boot mode with BOOT PIN
14 NRST_MODE R 0: Reset input only
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1: GPIO function

13

0: Hardware watchdog

WWDG_SW R 1: Software watchdog

12

0: Hardware watchdog

IWDG_SW R 1: Software watchdog

11:9

000: BOR rising threshold is 1.8 V, falling threshold is 1.7 V
001: BOR rising threshold is 2.0 V, falling threshold is 1.9 V
010: BOR rising threshold is 2.2 V, falling threshold is 2.1 V
011: BOR rising threshold is 2.4 V, falling threshold is 2.3 V
100: BOR rising threshold is 2.6 V, falling threshold is 2.5 V
101: BOR rising threshold is 2.8 V, falling threshold is 2.7 V
110: BOR rising threshold is 3.0 V, falling threshold is 2.9 V
111: BOR rising threshold is 3.2 V, falling threshold is 3.1 V

BOR_LEV[2:0] R

BOR enable
BOR_EN R 0: BOR is disabled
1: BOR is enabled, BOR _LEV works

7:0

0 xAA: level 0, read protection inactive
Non 0xAA: level 1, read protection active

RDP R

B Option byte for Flash SDK area address

Flash memory Address offset: Ox1FFF OE84

Production value: Ox FFOO OOFF

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash information memory and written to the corresponding option bit of

the register.

31 30 29 28 | 27 [ 26 [ 25 | 24 23 22 21 20 [ 19 [ 18 [ 17 | 16
Res Res Res ~SDK_END[4:0] Res Res Res ~SDK_STRT[4:0]
R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res SDK_END[4:0] Res Res Res SDK_STRT[4:0]
R I R[I]RI|IRIJR R IR]IRIJIRI] R
Bit Name R/W Function
31:16 Reserved
28:24 ggr}zplémg[ni%c]i R One’s complement of SDK_END
23:21 Reserved
20:16 gSKmel?rrg?rrEfg] R One’s complement of SDK_STRT
15:13 Reserved
12:8 SDK_END[4:0] R SDK area end address, each corresponding STEP is 2 KBytes
75 Reserved
4:0 SDK_STRT[4:0] R SDK area start address, each corresponding STEP is 2 KBytes

B Option byte for Flash WRP address

Flash memory Address offset: Ox1FFF OE8C

Production value: 0x0000 FFFF

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash information memory and written to the corresponding option bit of

the register.

31 [ 30 | 29 | 28 | 27 | 26 | 25 | 24 [ 23 [ 22 ] 22 | 20 | 129 | 18 | 17 | 16
~WRP[15:0]

R R R R R R R R R R R R R R R R
15 | 14 [ 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRP[15:0]
RIR|]R]I]RJ]RJRJI]R]I]RI]I]RIR]I]R]I]RIJI]R]IRIJRI]R
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Bit Name R/W Function
31:16 Comr\)/:;eénpented R One’s complement of WRP
0: sector [y] is protected
15:0 WRP R 1: sector [y] unprotected
y=0to 15
4.4.2. Flash option byte write

After reset, the bits in the FLASH_CR register associated with the option byte are write-protected. The

OPTLOCK bit in the FLASH_CR register must be cleared before the option byte can be manipulated.

The following steps are used to unlock this register:

1) Unlock sequence to unlock write protection of FLASH_CR register.

2) Write OPTKEY1 = 0x0819 2A3B to the FLASH_OPTKEYR register.

3) Write OPTKEY2 = 0x4C5D 6E7F to the FLASH_OPTKEYR register.

Any wrong sequence locks up the FLASH_CR register until the next reset. In the case of a wrong key

sequence, a bus error is detected and a Hard Fault interrupt is generated.

User option (option bytes in information Flash memory) can be protected by software by writing the

OPTLOCK bhit of the FLASH_CR register to prevent unwanted erase/program operations.

If software sets the Lock bit, the OPTLOCK bit is also automatically set.

Modifying user option bytes

Programming operation of the option byte is different from the operation to the main Flash memory.

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

1) Using the steps described previously to clear the OPTLOCK bit.

2) Check that no Flash memory operation is ongoing by checking the BSY.

3) Write the desired value (1~3 words) to the option bytes register FLASH_OPTR/ FLASH_SAR/
FLASH_WRPR.

4) Set OPTSTRT bit.

5) Write any 32 bits data to the main Flash memory address 0x4002 2080 (trigger a formal program
operation).

6) Wait for the BSY bit to be cleared.

7) Wait for EOP to be pulled high, software to be cleared.

Any change to the option bytes, the hardware will first erase the entire page to the option byte, and

then program the value of the FLASH_OPTR, FLASH_SAR or FLASH_WRPR register to the option

bytes. And, the hardware automatically calculates the corresponding complement, and programs the

calculated value to the corresponding area of the option bytes.

Option byte loading

After the BSY bit is cleared, all new option bytes are written into the Flash information memory, but

they are not applied to the system. The read operation of the option bytes register still returns the value

in the last loaded option bytes. Once they are loaded with new values, it will work on the system.

The loading of option bytes is performed in the following two cases:

B OBL_LAUNCH bit in the FLASH_CR register is set.

B After power-on reset (POR, BOR)
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4.5.

Loading option bytes is: read the option bytes in the information memory area, and then store the read
data in the internal option registers (FLASH_OPTR, FLASH_SAR and FLASH_WRPR). These internal
registers configure the system and can be read by software. The OBL_LAUNCH bit is set to generate
a reset, so that the loading of option bytes can be carried out under the reset of the system.

Each option bit has a corresponding complement at its same doubleword address (next half word).
During the loading of the option bytes, the validation of the option bit and its complement ensures that
the loading was performed correctly.

If the one's complement matches, the option bytes are copied into the option register.

If the one's complement does not match, the OPTVERR status bit in the FLASH_SR register is set.
Unmatched values are written to the option register:

B For user option

BOR_LEV is written as 000 (the lowest threshold)

The BOR_EN bit is written as 0 (BOR is not enabled)

NRST_MODE bit written to O (reset input only)

RDP bit is written as Oxff (which is level 1)

VvV V V V V

The rest of the mismatched values are written as 1

B For SDK area option, SDKR_STRT [4:0] = 0x00, SDKR_END [4:0] = Ox1F, all Flash memory is
set as SDK

B For the WRP option, the unmatched value is the default "no protection”

After system reset, the contents of option bytes are copied to the following option registers (readable

and writable by software):

B FLASH_OPTR

B FLASH_SDKR

B FLASH_WRPR

These registers are also used to modify option bytes. If these registers are not modified by the user,

they reflect the state of the system option.

Flash configuration bytes

Part of the interval (one page in total) of the information area of the Flash memory is used as factory

config. byte.

Page 0O is stored for software to read information (only code, no one’s complement code is

stored):

B HSI frequency selection control value, and corresponding trimming value.

B Erase and program time configuration parameter values corresponding to different frequencies of
HSI.

Table 4-5 Factory config. byte organization

Page

Word Address Contents

Ox1FFF OF00 Store HSI 4 MHz frequency selection control and corresponding trimming value

Ox1FFF 0F04 Store HSI 8 MHz frequency selection control and corresponding trimming value

Ox1FFF OF08 Store HSI 16 MHz frequency selection control and corresponding trimming value

Ox1FFF OFOC | Store HSI 22.12 MHz frequency selection control and corresponding trimming value

HW|NF|O

Ox1FFF OF10 Store HSI 24 MHz frequency selection control and corresponding trimming value

34/434



PY32F003 Reference Manual

5 Ox1FFF OF14 TS_CAL1, 30°C temperature sensor calibration value
6 Ox1FFF OF18 TS_CAL2, 85°C temperature sensor calibration value
7 OXLEEE OF1C Store the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 4 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
8 Ox1FFF 0F20 FLASH_TPS3 registers at the HSI 4 MHz frequency
9 OX1EEE OF24 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 4 MHz frequency
10 OXLEEE OF28 Store the configuration value of the corresponding FLASH_ SMERTPE register at
the HSI 4MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
1 Ox1FFF OF2C FLASH PRETPE registers at the HSI| 4 MHz frequency
12 OXLEEE OF30 Sto_re the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
13 OXIFFF OF34 FLASH_TPS3 registers at the HSI 8 MHz frequency
14 OXLEEE OF38 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 8 MHz frequency
15 OXLEEE OF3C Store the configuration value of the corresponding FLASH_ SMERTPE register at
the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_PRGTPE and
16 OXIFFF OF40 FLASH_PRETPE registers at the HSI 8 MHz frequency
Store the configuration values of the corresponding FLASH_TSO and FLASH_TS1
1 Ox1FFF OF44 registers at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
18 OXIFFF OF48 FLASH_TPS3 registers at the HSI 16 MHz frequency
19 OXLEEE OF4C Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 16 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register at
20 Ox1FFF OF50 the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
21 OXIFFF OF54 FLASH_PRETPE registers at the HSI 16 MHz frequency
Store the configuration values of the corresponding FLASH_TSO and FLASH_TS1
22 OXIFFF OF58 registers at the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
23 Ox1FFF OF5C FLASH TPS3 registers at the HSI 22.12 MHz frequency
24 OXLEEF OE60 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 22.12 MHz frequency
Store the configuration value of the corresponding FLASH_ SMERTPE register at
25 OX1FFF OF64 the HSI 22.12 MHz frequency
Store the configuration values of the corresponding FLASH_P RGTPE and
26 OX1FFF OF68 FLASH_PRETPE registers at the HSI 22.12 MHz frequency
27 OXLEEE OF6C Sto_re the configuration values of the corresponding FLASH_TSO and FLASH_TS1
registers at the HSI 24 MHz frequency
Store the configuration values of the corresponding FLASH_TS2P and
28 Ox1FRQOF g FLASH_TPS3 registers at the HSI 2 4MHz frequency
29 OX1EEE OF74 Store the configuration value of the corresponding FLASH_PERTPE register at the
HSI 24 MHz frequency
30 OX1EEE OF78 Store the configuration value of the corresponding FLASH_ SMERTPE register at
the frequency of HSI 24 MHz frequency
Store the configuration values of the corresponding FLASH_PRGTPE and
- QFFFFF OF7C FLASH_PRETPE registers at the HSI 24 MHz frequency
Ox1FFF OF80 -
1 0 OXLEEF OFFE RESERVED
45.1. HSI_TRIMMING_FOR_USER
Address offset: Ox1FFF OF0O0 to Ox1FFF OF10
31 30 29 28 27 26 25 24 23 22 21 20 19 18 [ 17 | 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res HSI_FS[2:0]
R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res HSI_TRIM[12:0]
R ]I R]J]RIR |[R JTRIRI]J]RJRI]IJRIJIRIJRI] R

The software needs to read data from this address, and then write to HSI_FS[2:0] and HSI_TRIM[12:0]

corresponding to the RCC_ICSCR register to change the HSI frequency.
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4.5.2. Calibration value of temperature sensor
Address offset: Ox1FFF 0F14 (30°C), Ox1FFF OF18 (85°C)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res
TSca[11:0]
Software needs to read data from this address.
45.3. HSI_4M/8M/16M/22.12M/24M_EPPARAO
Address offset: Ox1FFF OF1C (4 MHz), 0x1FFF OF30 (8 MHz), Ox1FFF OF44 (16 MHz), Ox1FFF OF58
(22.12 MHz), OX1FFF OF6C (24 MHz)
31 30 29 28 27 26 25 24 [ 23 [ 22 [ 21 ] 20 [ 19 [ 18 [ 17 [ 16
Res Res Res Res Res Res Res TS1[8:0]
R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TS3[7:0] TSO0[7:0]

R R | RIT R RJTRIJRTIR RIRJIJRIRIJIJRIRIR] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write the FLASH_TSO0, FLASH_TS1, FLASH_TS3 registers
to realize the configuration of the erasing and programming time required by the corresponding HSI
frequency.

45.4. HSI_4M/8M/16M/22.12M/24M_EPPARA1
Address offset: Ox1FFF 0F20 (4 MHz), Ox1FFF OF34 (8 MHz), Ox1FFF OF48 (16 MHZz), Ox1FFF OF5C
(22.12 MHz), OX1FFF OF70 (24 MHz)
31 30 29 28 27 26 | 25 | 24 [ 23 [ 22 [ 21 ] 20 [ 19 [ 18 [17 ] 16
Res Res Res Res Res TPS3[10:0]
R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res | Res Res TS2P[7:0]
RIR[IR]IRIR[IRIJIR] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write the FLASH_TS2P and FLASH_TPS3 registers to re-
alize the configuration of the erasing and programming time required for the corresponding HSI fre-
guency.
45.5. HSI_4M/8M/16M/22.12M/24M_EPPARA2
Address offset: Ox1FFF 0F24 (4 MHz), Ox1FFF OF38 (8 MHZz), Ox1FFF OF4C (16 MHz), Ox1FFF OF60
(22.12 MHz), OX1FFF OF74 (24 MHz)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res PE[T;SI—]PE
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PERTPE[15:0]
RIRJI]RIJIJRI]IRIJIRIR IR JTRIRI]IRIRIRIRI]IR] R

The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_PERTPE register to realize the

configuration of the erasing and programming time required for the corresponding HSI frequency.
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45.6. HSI_4M/8M/16M/22.12M/24M_EPPARA3
Address offset: Ox1FFF 0F28 (4 MHz), Ox1FFF OF3C (8 MHz), Ox1FFF OF50 (16 MHz), Ox1FFF OF64
(22.12 MHz), Ox1FFF OF78 (24 MHz)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SMER
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res TPE[16]
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE[15:0]

RIRJI]RJI]RJRJ]RIR IR [RIRIJIJRI]IJRIJIJRI]IRIJIRI] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_SMERTPE register to realize the
configuration of the erasing and programming time required for the corresponding HSI frequency.

45.7. HSI_4M/8M/16M/22.12M/24M_EPPARA4
Address offset: Ox1FFF OF2C (4 MHz), Ox1FFF OF40 (8 MHZz), OXxX1FFF OF54 (16 MHz), Ox1FFF OF68
(22.12 MHz), Ox1FFF OF7C (24 MHz)
31 30 29 28 27 26 | 25 | 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
Res Res Res Res Res PRETPE[11:0]
R R R R R R R R R R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRGTPE[15:0]

R [ R RITRIJIJRIJIRIRIRITRIRIR]I]RIRI]IRIRI] R
The software needs to set the HSI clock frequency according to the need, choose to read the data
from the corresponding address, and then write it into the FLASH_PRGTPE and FLASH_PRETPE
registers to realize the configuration of the erasing and programming time required for the correspond-
ing HSI frequency.

4.6. Flash protection

4.6.1.

The protection of Flash main memory includes the following mechanisms:

B Software design kit (SDK) is used to protect access to specific program areas, and the granularity
is 2 KBytes.
Read protection (RDP) is used to prevent access from outside.
Wrtie protection (WRP) control is used to prevent unwanted writes (due to confusion of the program
memory pointer PC). The granularity of write protection is designed to be 4 KBytes.

[

Option byte write protection, special unlocking design.

Flash software development kit (SDK) area protection

The area protected by the FLASH_SDKR register follows the permission description of table 15.

The protection area is defined by SDKR _STRT[4:0], SDKR_ENDJ4:0] of the FLASH_SDKR register,
and each bit corresponds to 2 KBytes.

Start address

FLASH memory base address + SDK _STRT[4:0] x 0x800 (included)

End address

FLASH memory base address + (SDK _ENDJ[4:0] +1) x 0x800 (excluded)
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When SDK _STRT[4:0] is greater than SDK_ENDI[4:0], SDK protection is invalid. When SDK
_STRT[4:0] is less than or equal to SDK _END[4:0], SDK protection is effective.

When the protection is in effect, when the FLASH_SDKR register is unprotected (writing SDK
_STRT[4:0] is greater than SDK_END[4:0]), the hardware will first trigger mass erase (the protected
program in the SDK area has been written before, and the mass erase is used to protect the program
in the SDK area), and then the value of the SDK option in the Flash option byte is updated (the updated
value at this time is that the SDK protection is invalid).

At this time, the content of the FLASH_SDKR register will not be updated, until the power-on reset (P
OR/BOR/PDR) or OBL reset, the register content will be loaded from the SDK option in the Flash

option byte into the register.

4.6.2. Flash read protection

By setting RDP option byte, and perform system reset (POR/BOR or OPL reset) to load a new RDP

option byte to activate the read protection function. RDP protects main Flah memory, option byte, and

SRAM.

If the read protection is set while the debug by SWD is still connected, a power-on reset is required

instead of a system reset.

When the RDP option byte and the two’s complement code exist in the option byte, the Flash memory

will be protected.

Table 4-6 Flash read protection status
RDP byte value RDP complemented byte value Read protection level
OxAA 0x55 Level O
Any value except the combination of (OxAA and 0x55) Level 1

Regardless of any protection level, system memory is access only and program and erase operations

cannot be performed.

Level 0: No protection

To read, program and erase the main Flash memory, as well as any operation to the option byte.

Level 1: Read protection

When the RDP and its two’s complement in the option byte contain any combination rather than 0xAA,

0x55, the level 1 read protection takes effect, and the level 1 is the default protection level.

B User mode: The program executed in user mode (boot from main Flash memory) can perform all
operations on main Flash and option byte.

B Debug, boot from SRAM and boot from system memory mode (Boot loader): In debug mode, or
when booting from SRAM or system memory (Boot loader), the main Flash memory cannot be
accessed. In these modes, a bus error is generated for a read or program access to the main
Flash, and a hard fault interrupt is generated.

When it is already at Level 1 (any number rather than 0xAA), changing to Level 0 by programming

OxAA, the hardware will perform a mass erase operation on the main Flash memory.

Table 4-7 The relationship between access status and protection level and execution mode

Area Boot From Main Flash(CPU) Debug/ DMA
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Sb User execution excuted From
REA K (From Non SDK User execution RAM/
D Are Area) (From SDK Area) excuted From Sys-
a tem memory
Pro-
Pro-
tec- tec-
tion tion Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras | Rea | Writ | Eras
level | d e e d e e d e e d e e
eve
I
Non Dis- Yes Yes Yes N/A N/A N/A Yes Yes Yes Yes No No
SDK able
Area aEbr}é Yes | Yes Yes Yes | Yes Yes Yes | Yes Yes Yes No No
0 -
Dis- | \ya | nA | NA | NA | NA | NA | NA | NA | NA | NIA | NIA | NUA
SDK able
AIEE) aEbr;é No No No Yes Yes Yes No No No No No No
Non Dis- | ves | Yes | Yes | NIA | NNA | NA | No | No | No | No | No | No
SDK able
Area aEan_e Yes | Yes Yes Yes | Yes Yes No No No No No No
1 -
Dis-
SDK able N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Area aEbrl‘é No | No | No | Yes | Yes | Yes | No | No | No | No | No | No
Sys- Dis- | ves | No | No | N/A | NA | NA | Yes | No | No | No | No | No
tem x able
memor En- Yes No No Yes No No Yes No No No No No
y able
Option Ek'jé Yes | Yes | Yes | N/A | NJ/A | N/A | Yes | Yes | Yes | No | No | No
bytes X En-
area able Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No
Fac- ;)k'jé Yes | No | No | N/A | NJ/A | N/A | Yes | No | No | No | No | No
tory X =
bytes able Yes No No Yes No No Yes No No No No No
Dis- | ves | No | No | N/A | NNA | NA | Yes | No | No | No | No | No
able
ulD X En-
able Yes No No Yes No No Yes No No No No No

1. Mass erase command issued from any area will erase the SDK area.

2. Any modification of level 1 to level O will trigger the hardware mass erase of the main Flash memory.

3. The meaning of N/A is that when the SDK Area is disabled, since there is no SDK Area, no situation in

which programs can be read out from the SDK Area in the above table, and no situation in which the

programs read out from other areas can access the SDK Area.

4. There are two cases for executing programs from SRAM or system memory: one is Boot from, the other is

boot from other memory, and the program jumps to SRAM or system memory.

4.6.3.

Flash write protection

Flash can be set to be write-protected against unwanted writes. Define the control granularity of each
bit of the WRP register as a write protection (WRP) area of 4 KBytes, that is, the size of 1 sector. See
the description of the WRP register for detalils.

When the WRP area is activated, erase or program operations are not allowed. Accordingly, the mass
erase function does not work even if only one area is set as write-protected.

In addition, if an attempt is made to erase or program a write-protected area, the write -protection error
flag (WRPERR) of the FLASH_SR register will be set.

Note: Write protection only works on main Flash, and read doesn't work on system memory.
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4.6.4. Option byte write protection

By default, Option bytes are readable and write-protected. To gain erase or program access to option

bytes, the correct sequence needs to be written to the OPTKEYR register.

4.7. Flash interrupt
Table 4-8 Flash interrupt request

Interrupt event Event flag Time stamp/interrupt clear method Control bit enable

End of operation EOP Write EOP =1 EOPIE

Write protection WRPERR Write WRPERR =1 ERRIE

The following events do not have a separate interrupt flag, but will generate a Hard fault:
B Sequence error of FLASH_CR register of unlock Flash memory.
B Unlock Flash option bytes write sequence error.
B Flash program operation is not aligned with 32-bit data.
B Flash erase (including page erase, sector erase and mass erase) operations do not perform 32-bit
data alignment.
B To the option byte register is not aligned with 32-bit data.
4.8. Flash register description
4.8.1. Flash access control register (FLASH_ACR)
Address offset: 0x00
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res LA-
TENCY
RW
Bit Name R/W Reset Value Function
311 Reserved
The wait state corresponding to the read operation:
0: There is no wait state for Flash read operation (system
clock is 24 MHz and below).

0 RN RW 0 1: The Flash read operation has one wait state, which is two
system clock cycles are required for each Flash read (the
system clock is at 48 MHz).

4.8.2. Flash key register (FLASH_KEYR)
Address offset: 0x08
Reset value: 0x0000 0000
All register bits are write-only and read as 0.
31 [ 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 ] 22 | 21 | 20 | 19 | 18 | 17 | 16
KEY[31:16]
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
KEY[15:0]
wliwlwIlwIlIwlwlw w [wliwlwlwIlIwlwlIlwl]l w
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Bit Name R/W Reset Value Function

The following values must be written consecutively to un-
lock the FLASH_CR register and enable the program/erase
31:.0 KEY[31:0] W 0x0000 operation of the Flash

KEY1: 0x4567 0123

KEY2: OxCDEF 89AB

4.8.3. Flash option key register (FLASH_OPTKEYR)

Address offset: Ox0C
Reset value: 0x0000 0000

All register bits are write-only and read as 0.

31 [ 30 ] 29 | 28 [ 27 [ 26 | 25 | 24 | 23 [ 22 [ 21 [ 20 | 19 [ 18 [ 17 | 16
OPTKEY[31:16]

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
OPTKEYJ[15:0]
wiliwlwIlwIlwIlwilw [w [wliwlwlwI lwIlwIlw] w

Bit Name R/W Reset Value Function

The following values must be written consecutively to
unlock the option register of the Flash and enable the
31.0 OPTKEY([31:0] W 0x0000 0000 program/erase operation of the option byte

KEY1: 0x0819 2A3B

KEY2: 0x4C5D 6E7F

4.8.4. Flash status register (FLASH_SR)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res | Res | Res BSY
R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPTV WRP
ERR Res | Res | Res | Res | Res | Res | Res | Res | Res | Res ERR Res | Res | Res EOP
RC W1 RC W1 RC W1
Bit Name R/W Reset Value Function
31:17 Reserved
Busy bit
This bit indicates that the operation of the Flash is in pro-
16 BSY R 0 gress. This bitis set by hardware at the beginning of a Flash

operation, and is cleared by hardware when the operation
is completed or an error occurs.

Option and trimming bits loading validity error

when the option and trimming bits and their one’s comple-
15 OPTVERR RC_W1 0 ments do not match. Load unmatched option bytes, co-
erced to safe values.

Software writes 1 to clear.

14:5 Reserved
Write protection error
This bit is set by hardware when the address to be pro-
4 WRPERR RC_W1 0 grammed/erased is in a write-protected Flash region
(WRP).
Write 1 to clear this bit.
3:1 Reserved
When the program/erase operation of the Flash completes
0 EOP RC_W1 0 successfully. This bit is only set if the EOPIE bit in the

FLASH_CR register is enabled.
Write 1 to clear this bit.
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4.8.5. Flash control register (FLASH_CR)
Address offset: 0x14
Reset value: 0xC000 0000
31 30 29 28 27 26 | 25 24 | 23 | 22 | 21 | 20 19 18 17 16
OPT ER | EO OPT
Lic LoC | Res | Res OBI\|1_5||:|AU R"Se R R"Se R"se R"se Rse PG_?TR Res | STR R"Se
K IE IE T
RS RS RC_W1 RW | RW RW RW
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
Res Res Res | Res SER Re Res | Res Re | Re | Re | Re Res ME PER | PG
S S S S S R
R
RW RW | RW W
Bit Name R/W REEC Function
Value
FLASH_CR Lock bit.
Software can only set this bit. When set, the FLASH_CR
register is locked. When the unlock timing is successfully
given, this bit is cleared by hardware, and the FLASH_CR

31 Lock RS register is unlocked.

The software should set this bit after the program/erase op-
eration is completed.

When an unsuccessful unlock sequence is given, this bit
remains set until the next system reset.

Option bytes Lock bit.

Software can only set this bit. When set, the bits related to
option bytes in the FLASH_CR register are locked. When
the unlock timing is successfully given, this bit is cleared by

30 OPTLOCK RS hardware, and the FLASH_CR register is unlocked.

The software should set this bit after the program/erase op-
eration is completed.
When an unsuccessful unlock sequence is given, this bit
remains set until the next system reset.

29:28 Reserved
Force the option bytes loading.
When set, this bit forces the system to perform a reload of
option bytes. This bit is only cleared by hardware when the
option byte load has been completed. This bit cannot be

21 OBL_LAUNCH RS-l written if the OPTLOCK bit is set.

0: Option byte loading completed
1: Option byte loading request is generated, the system re-
sets, and the option byte is reloaded.
Error interrupt enable bit, when the WRPERR bit in the
FLASH_SR register is set, if this bit is enabled, an interrupt
25 ERRIE RW request is generated.
0: No interrupt is generated
1: An interrupt is generated
End of operation interrupt enable
This bit enables interrupt generation when the EOP bit in
24 EOPIE RW the FLASH_SR register is set.
0: EOP interrupt disabled
1: EOP interrupt enable
23:18 Reserved RW
The start bit of the program operation of the Flash main
memory.

19 PGSTRT RW Program operation of the main Flash memory, and is set by
software. After the BSY bit of the FLASH_SR register is
cleared, the hardware clears this bit.

18 Reserved
Flash option bytes modified start bit
This bit initiates modification of option bytes. Set by soft-

1 OPTSTRT RW ware and cleared by hardware after the BSY bit in the
FLASH_SR register is cleared.
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Reset

VU Function

Bit Name R/W

Note: When modifying the Flash option bytes, the hardware
will automatically perform the erase operation on the entire
page of 128 Bytes, and then perform the program opera-
tion, which also includes the automatic writing of the two’s
complement code.

16:12 Reserved

4 KByte Sector erase operation

0: Sector erase operation of Flash is not selected

1: Select the sector erases operation of Flash

11 SER RwW Note:

1) Sector erase will not work on Flash information
memory.

2) Sector erase has no effect on areas set to WRP.

10:3 Reserved

Mass erase operation

0: Mass erase operation of Flash is not selected

1: Select the mass erases operation of Flash

Note:

Mass erase will not work on Flash information memory.
Mass erase does not work when WRP is set

Page erase operation

1 PER RW 0: Page erase operation of the Flash is not selected
1: Select the page erase operation of Flash
Program operation

0 PG RW 0: Program operation of Flash is not selected

1: Select the program operation of Flash

4.8.6. Flash option register (FLASH_OPTR)

2 MER RW

Address offset: 0x20

Reset value: 0x0000 xxxx

After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash in formation memory and written to the corresponding option bit of

the register.

31 30 29 28 27 | 26 | 25 24 23 | 22 | 21 | 20 | 19 | 18 17 | 16
Res Res Res Res Re | Re | Re Res Re | Re | Re | Re | Re | Re | Re | Re
S S S S S S S S S S S
15 14 13 12 11 | 10 9 8 7 6 5 4 3 2 1 0
NRST | WWD IWD BOR
nB?OT _ G G BOR_LEV[2:0] _ RDP[7:0]
MODE SW SW EN
RW RW RW RW [ RW [RW [ RW | RW RW[RW[RWI][RW][RW[RW [ RW [ RW
. Reset .
Bit Name R/W value Function
31:16 Reserved
15 nBOOT1 RW Select the boot mode with the BOOT PIN
0: Reset input only
14 NRST_MODE RW 1: GPIO function
0: Hardware watchdog
13 WWDG_SW RW 1: Software watchdog
0: Hardware watchdog
12 IWDG_SW RW 1: Software watchdog
000: BOR rising threshold is 1.8 V, falling threshold is 1.7 V
001: BOR rising threshold is 2.0 V, falling threshold is 1.9 V
010: BOR rising threshold is 2.2 V, falling threshold is 2.1 V
. . 011: BOR rising threshold is 2.4 V, falling threshold is 2.3 V
11:9 BOR_LEV[2:0] RW 100: BOR rising threshold is 2.6 V, falling threshold is 2.5 V
101: BOR rising threshold is 2.8 V, falling threshold is 2.7 V
110: BOR rising threshold is 3.0 V, falling threshold is 2.9 V
111: BOR rising threshold is 3.2 V, falling threshold is 3.1 V
8 BOR_EN RW BOR enable
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0: BOR is not enabled
1: BOR is enabled, BOR LEV works

OxAA: level 0, read protection inactive

70 RDP RW Non OxAA: level 1, read protection active
4.8.7. Flash SDK address register (FLASH_SDKR)
Address offset: 0x24
Reset value: 32'b0000 0000 0000 0000 000X _ XXXX 000X XXXX
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash information memory and written to the corresponding option bit of
the register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res SA_ENDJ[4:0] Res | Res | Res SA_STRT[4:0]
RW | RW | RW | RW | RW RW [ RW | RW | RW | RW
. Reset g
Bit Name R/W value Function
31:13 Reserved
12:8 SDK_END [4:0] RW SDK area end addres, each corresponding STEP is 2
KBytes
75 Reserved
20 SDK_STRT[4:0] RW SDK area start address, each corresponding STEP is 2
KBytes
4.8.8. Flash WRP address register (FLASH_WRPR)
Address offset: 0x2C
Reset value: 0x0000 XXXX
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from
the option bytes area of the Flash in formation memory and written to the corresponding option bit of
the register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WRP[15: 0]
RW | RW [RW [ RW | RW [RW |[RW [RW [RW | RW [RW | RW [ RW | RW | RW | RW
Bit Name R/W RESEL Function
Value
31:16 Reserved
0: Sector 15, with write protection, program and erase are
15 WRP RW 1 not allowed
1: Sector 15, no write protection
0: Sector 14, with write protection, program and erase are
14 WRP RW 1 not allowed
1: Sector 14, no write protection
0: Sector 13, with write protection, program and erase are
13 WRP RW 1 not allowed
1: Sector 13, no write protection
0: Sector 12, with write protection, program and erase are
12 WRP RW 1 not allowed
1: Sector 12, no write protection
0: Sector 11, with write protection, program and erase are
11 WRP RW 1 not allowed
1: Sector 11, no write protection
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0: Sector 10, with write protection, program and erase are
10 WRP RW 1 not allowed
1: Sector 10, no write protection
0: Sector 9, with write protection, program and erase are
9 WRP RW 1 not allowed
1: Sector 9, no write protection
0: Sector 8, with write protection, program and erase are
8 WRP RW 1 not allowed
1: Sector 8, no write protection
0: Sector 7, with write protection, program and erase are
7 WRP RW 1 not allowed
1: Sector 7, no write protection
0: Sector 6, with write protection, program and erase are
6 WRP RW 1 not allowed
1: Sector 6, no write protection
0: Sector 5, with write protection, program and erase are
5 WRP RW 1 not allowed
1: Sector 5, no write protection
0: Sector 4, with write protection, program and erase are
4 WRP RW 1 not allowed
1: Sector 4, no write protection
0: Sector 3, with write protection, program and erase are
3 WRP RW 1 not allowed
1: Sector 3, no write protection
0: Sector 2, with write protection, program and erase are
2 WRP RW 1 not allowed
1: Sector 2, no write protection
0: Sector 1, with write protection, program and erase are
1 WRP RW 1 not allowed
1: Sector 1, no write protection
0: Sector 0, with write protection, program and erase are
0 WRP RW 1 not allowed
1: Sector 0, no write protection
4.8.9. Flash sleep time configuration register (FLASH_STCR)
Address offset: 0x90
Reset value: 0x0000 6400
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SLEEP_TIME[7:0] Res | Res | Res | Res | Res | Res | Res | SLEEP_EN
RW [RW [RW [RW | RW [ RW [ RW [ RW RW
Bit Name R/W 5qu€; Function
31:8 Reserved
FLASH sleep time count (counter based on HSI_10M clock)
When the system clock selects LSI, in order to obtain more
optimized power consumption in Run mode, which can use
the function of this register (it is only recommended to use
this function when LSl is the system clock).
15:8 SLEEP TIME RW Ox64 When this functior_1 is enabled, the time width of thg Fl_a§h
- in the Sleep state in each half system clock low period is:
thsi_1o0M*SLEEP_TIME
Note :
tHsi_tom is the period of HSI_10M.
To ensure the correct Flash function, the maximum setting
value of this register is recommended to be set to 0x28.
7:1 Reserved
FLASH Sleep enable
0 SLEEP_EN RW 0 1: Enable Flash sleep
0: Disable Flash sleep
4.8.10. Flash TSO register (FLASH_TSO0)
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Address offset: 0x100

Reset value: 0x0000 00B4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res TSO
RW [ RW | RW | RW | RW | RW | RW | RW
Bit Name R/W Reset Function
Value
318 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
7:0 TSO RW 0xB4 Save it in the following address in the Flash:
24MHz: Ox1FFF OF6C
22.12MHz: 0x1FFF OF58
16MHz: Ox1FFF OF44
8MHz: Ox1FFF OF30
4MHz: Ox1FFF OF1C
4.8.11. Flash TS1register (FLASH_TS1)
Address offset: 0x104
Reset value: 0x0000 01BO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res TS1
RW [RW [RW | RW | RW | RW [ RW | RW | RW
Bit Name R/W RESEL Function
Value
31:9 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
8:0 TS1 RW 0x1BO Save it in the following address in the Flash:
24MHz: Ox1FFF OF6C
22.12MHz: Ox1FFF OF58
16MHz: Ox1FFF OF44
8MHz: Ox1FFF OF30
4MHz: Ox1FFF OF1C
4.8.12. Flash TS2P register (FLASH_TS2P)
Address offset: 0x108
Reset value: 0x0000 00B4
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res TS2P
RW [RW [RW | RW [ RW [ RW | RW | RW

46/434



PY32F003 Reference Manual

. Reset f
Bit Name R/W value Function
31:8 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
7:0 TS2P RW 0xB4 Save it in the following address in the Flash:
24MHz: OX1FFF OF70
22.12MHz: Ox1FFF OF5C
16MHz: Ox1FFF OF48
8MHz: Ox1FFF OF34
4MHz: Ox1FFF 0F20
4.8.13. Flash TPS3 register (FLASH_TPS3)
Address offset: 0x10C
Reset value: 0x0000 06CO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res TPS3
RW [RW [RW [ RW [RW [RW [ RW [ RW [ RW [ RW | RW
. Reset q
Bit Name R/W value Function
31:11 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
10:0 TPS3 RW 0x6CO Save it in the following address in the Flash:
24MHz: 0x1FFF OF70
22.12MHz: 0x1FFF OF5C
16MHz: Ox1FFF OF48
8MHz: Ox1FFF OF34
4MHz: Ox1FFF 0F20

4.8.14. Flash TS3 register (FLASH_TS3)

Address offset: 0x110
Reset value: 0x0000 00B4

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res TS3
| | | | | | [ RW
Bit Name R/W REEEN Function
Value
31:8 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
. Buy.
0 TS3 RW OxB4 Save it in the following address in the Flash:
24MHz: Ox1FFF OF6C
22.12MHz: Ox1FFF OF58
16MHz: Ox1FFF OF44
8MHz: Ox1FFF OF30
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; Reset f
Bit Name R/W value Function
4MHz: Ox1FFF OF1C
4.8.15. Flash page erase TPE register (FLASH_PERTPE)
Address offset: 0x114
Reset value: 0x0001 1940
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | PERTPE
RW
15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0
PERTPE
RW [RW [ RW [RW [ RW [ RW [RW [RW | RW | RW [ RW [ RW | RW | RW [ RW | RwW
Bit Name R/W RESEL Function
Value
31:17 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
16:0 PERTPE RW 0x11940 | Save itin the following address in the Flash:
24MHz: OX1FFF OF74
22.12MHz: Ox1FFF OF60
16MHz: Ox1FFF OF4C
8MHz: Ox1FFF OF38
4MHz: Ox1FFF OF24
4.8.16. Flash sector/mass erase TPE register (FLASH_SMERTPE)
Address offset: 0x118
Reset value: 0x0001 1940
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | SMERTPE
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE
RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [ RW [ RW [  RW
; Reset q
Bit Name R/W value Function
31:17 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
16:0 SMERTPE RW 0x11940 | Save itin the following address in the Flash:
24MHz: Ox1FFF OF78
22.12MHz: Ox1FFF OF64
16MHz: Ox1FFF OF50
8MHz: Ox1FFF OF3C
4MHz: Ox1FFF OF28
4.8.17. Flash program TPE register (FLASH_PRGTPE)
Address offset: 0x11C
Reset value: 0x0000 5DCO
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
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15 | 14 | 13 [ 12 | 112 [ 10 | 9 | 8 7 ] 6 ] 5] 4] 3] 2] 1] o
PRGTPE
RW |[RW |RW | RW [|RW [RW |RW [RW | RW | RW [ RW | RW | RW | RW | RW | RW
Bit Name R/W RESEL Function
Value
31:16 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
15:0 PRGTPE RW 0x5DCO | Save itin the following address in the Flash:
24MHz: OX1FFF OF7C
22.12MHz: Ox1FFF OF68
16MHz: Ox1FFF OF54
8MHz: Ox1FFF OF40
4MHz: Ox1FFF OF2C
4.8.18. Flash pre-program TPE register (FLASH_PRETPE)
Address offset: 0x120
Reset value: 0x0000 12C0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res PRETPE[13:0]
RW [RW [RW [|RW [RW [RW [RW [RW [RW [RW [ RW | RW | RW | RW
Bit Name R/W Reset Function
Value
31:14 Reserved
The software reads the data stored at the corresponding
address in the information area and writes
The corresponding register is configured to achieve the
erasing time required for the corresponding HSI frequency
Buy.
13:0 PRETPE RW 0x12C0 Save it in the following address in the Flash:
24MHz: Ox1FFF OF7C
22.12MHz: Ox1FFF OF68
16MHz: Ox1FFF OF54
8MHz: Ox1FFF OF40
4MHz: Ox1FFF OF2C
4.8.19. Flash register mapping
(@)
AR IO = = I R S S = 0 B O i = O I IR [
et
o | FLAS \
H A 3
X | CR
0
0 | Reset 0
value
o | FLAS
H_KE KEY[31:16] KEY[15:0]
é YR
8 5;?:OOOO000000000000000000OOOOOOOOOO
FLAS
0| HoO OPTKEY[31:16] OPTKEY[15:0]
x | PTKE : :
0| YR
¢ S;ieetOOOO000000000000000000OOOOOOOOOO
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31

30
29
28
27

26

25
24
23
22
21

20
19
18
17
16
15

14
13
12
11

5
4

O X O

BSY

EOP

© |OPTVER

© |WRPER

AP X O

LOCK
OPTLOCK

ERRIE
EOPIE

PGSTRT

OPTSTRT

SER

MER
PER
PG

o

o

© |OBL LAUNC

o

o

ON X O

nBOOT1

IWDG SW
BOR_LEV
[2:0]
BOR EN

RDP[7:0]

Reset
value

x

X INRST MODE

X | WWDG SW

x
x
x
>
x
x
x

AN X O

FLAS

DKR

Reset
value

ON X O

FLAS

RPR

WRP[15:0]

Reset
value

O X O

FLAS
H_ST
CR

Reset
value

© |SLEEP E| X

FLAS
H_TS

[7:0]

Reset
value

FLAS
H_TS

:0]

Reset
value

FLAS
H_TS
2P

Reset
value

FLAS
H_TP
s3

Reset
value

FLAS
H_TS

Reset
value

AP RPXO |ORPPXOOOFRX OO, X OPORX O|OOR X O

FLAS
H_PE
RTP

WRP[15:0]

Reset
value

© |PERTPE

O F X O

FLAS

MER
TPE

Reset
value
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5. Power control

5.1. Power supply

5.1.1. Power block diagram

VCCA VCCA domain
[Lse| [isi| | Hs|
[
FLASH
VDD domain
VCC domain
POR | HSI_10M | | HSE |
PDR BOR
VCC[—C VR VDD' CPU Core/Digital Peripherals
BG PVD VDD1
| RTC | | I0_CTRL |
PMU
| IWDG | | LPTIMER |
vecl VCCIO domain
VDDA IO Ring | PWR_Acon | | RCC_Acon |
[ 2 VDDP
PWR_CR1[18]
SRAM
VDDA
Figure 5-1 Power block diagram
Table 5-1 Power block
U RIS Power value Describe
bering supply
1 VCC 171055V Provide power to the chip through the power pins, and its power supply
analog circuit module.
VCCA 171055V Provide power to most of the analog modules from VCC PAD (a separate

power supply PAD can also be designed).

VCCIO 1.7to 55V Power supply to 10, from VCC PAD

Output from VR which supplies power to the main logic circuits and
SRAM inside the chip. When the MR is powered, it outputs 1.2 V. When
4 VDD 1.2/2.0V £ 10% entering the stop mode, according to the software configuration, it can be
powered by MR or LPR, and the LPR output is determined to be 1.2 V or
1.0 V according to the software configuration.

5.2. Voltage regulator

The microcontroller designs two voltage regulators:

B Main regulator (MR) keeps working when the chip is in normal operating state.

B Low power regulator (LPR) provides a lower power consumption option in stop mode.

VDD comes from MR or LPR depending on the working mode.

In run mode, MR keeps working, outputs is 1.2 V, and LPR is turned off.
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5.3.

5.4.

5.4.1.

In stop mode, power can be supplied from MR or LPR as determined by software. Likewise, it is up to
the software to decide whether VDD is 1.2 V or 1.0 V in the case of LPR power supply after entering
stop.

Dynamic voltage value management

Dynamic voltage value management refers to adjusting the output VDD voltage of VR, to obtain corre-
sponding performance and power consumption with different voltages according to application require-
ments.

B Range 1: High performance range

The typically output of MR is 1.2V (VDD), and the system clock frequency can run as fast as 48 MHz.
B Range 2: Low power range

Only in stop mode, it is allowed to enter the low power range, and the range only works for LPR.

By default, the typical output of LPR is 1.2 V (VDD). When the VOS bit of the register is set and the chip
enters the stop mode, the MR switches to the low power supply (if the software selects the stop mode,
it is powered by LPR powered), and LPR is switched to a typical value of 1.0V (VDD). At this time, part
of the logic circuit (LPTIMER) in working state can run under LSI.

When the chip exits the stop mode, the chip restores the MR power supply, and the VOS bit is also
cleared by hardware. When the next time enter the stop mode, the VOS bit need to be set by software

to ensure the LPR power supply in stop mode is 1.0V, which can get lower power consumption.

Power monitoring

Power-on reset (POR)/power-down reset (PDR)/brown-out reset (BOR)

The POR/PDR module is designed in the chip and placed under the VDD power domain to provide
power-on and power-off reset for the chip. The module keeps working in all modes.

In addition to POR/PDR, BOR (brown out reset) is also implemented. BOR can only be enabled and
disabled through the option byte.

When the BOR is turned on, the BOR threshold can be selected by the option byte, and both the rising

and falling detection points can be configured individually.
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5.4.2.

VCC

VBORRS

VBORF8

VBORR7

VBORF7

VBORR6

VBORRS5 -~
VBORR4 |-

VBORR3 |-~

VBORF6

———————— VBORF5

VBORF4

VBORF3

VBORR2 f-----=-=mnmemmmmee

VBORRL f-----mmmmmemmmm

————————————————— VBORF2

VPOR

VBORF1

VPDR

tRSTTEMP

Reset with BOR off:

tRSTTEMP!
Reset with BOR on

(VBORS VBOR1)

,,,,,,,,,,,,,,,,,,, POR/BOR rising thresholds
,,,,,,,,,,,,,,,,,,, PDR/BOR falling thresholds

Figure 5-2 POR/PDR/BOR threshold

Programmable voltage detector (PVD)

This module can be used to detect the VCC power supply (also can detect the voltage of the PB7 pin),

and the detection point can be configured through the register. When VCC is higher or lower than the

detection point of PVD, a corresponding flag is generated.

This event is internally connected to line 16 of EXTI, depending on the rising/falling edge configuration

of EXTI line 16, when VCC rises above the detection point of PVD, or VCC falls below the detection

point of PVD, an interrupt is generated. In the service program, users can perform urgent shutdown

tasks.

VvCC
A

VPVDRX

VPVDFx

Configurable
hysteresis

v

PVD output

Figure 5-3 PVD threshold
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6.1.

6.1.1.

6.1.2.

Low-power control

By default, the microcontroller is in run mode after a system or a power reset. Several low-power modes
are available to save power when the CPU does not need to be kept running, for example when waiting
for an external event. Software can choose between power consumption, startup time, and wakeup

sources.

Low-power mode

Introduction to low-power modes

There are two low-power modes:

B Sleep mode: The CPU clock is off, NVIC, Sys Tick, peripherals can be configured to keep working.
(It is recommended to enable only the modules that must work, and close the modules after the
modules work).

B Stop mode: In this mode, the contents of SRAM and registers are maintained, HSI and HSE are
turned off, and the clocks of most modules in the VDD domain are stopped.

In stop mode, LS|, RTC, LPTIMER, etc. can keep working. For details on the working conditions of

each module in this mode, refer to Table 6-2.

In stop mode, the corresponding of VR state can be controlled by software and set to MR or LPR

power supply. When LPR is powered, the power consumption greatly reduced, but the wake-up time

is long. When the MR power is maintained, the power consumption is large, but it has the ability to
wake up quickly in several cycles.

In addition, in run mode, the power consumption can be reduced by the following methods:

B Decrease system clock frequency

B For unused peripherals, turn off peripheral clocks (system clock and module clock)

In summary, the low-power mode transition diagram of this project is as follows.

e N
{ stop )
-
f/ Run' \\
N
ﬂ/ SIeeJ \w
./

Figure 6-1Low-power mode

Low-power mode switch
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Table 6-1 Low power mode switch

Wake-up Voltage regulator
Mode Entry Wakeup clock Effects on the clock MR LPR
Sleep WF or Return from Ay Same as be- | The CPU clock is off and
(sleep-now ISR interruption . W
or sleep- Wakeup fore entering | has no effect on other On Close
on-exit) WFE event sleep mode clocks and clock sources.
HSI close. Software
HSISYS HSE close. configura-
SLEEPDEEP bit H_SI main- LSI can be turned on or tion
Any EXTI tains the fre- | off. . .
1. WFI . . . Soft- switch, if
line config- quency con- | LPTIMER, RTC, IWDG:
2. Return from ISR ! ! S ) ware open, out-
ured to figuration be- | Whether it is configured .
Stop 3. WFE . configu- | put volt-
. wake up, fore entering | by software or not. -
Note: The system ration age
IWDG, stop and Low-power wakeup and .
clock cannot select . switch 1.2/1.0V
LS| NRST dpes notdi- | some modules guch as o N
vide the fre- RCC keep working. )
. config-
quency Clocks of the remaining ured
modules are turned off.
1. The software must configure the VR state as MR mode to enter sleep mode.
6.1.3. Functions in each working mode
Table 6-2 Functions in each working mode(
. Stop
FEITIEE Run Sleep I YR@LPR or VR@VR Wakeup ability
CPU Y - - -
Flash memory Y Y -2 -
SRAM Y RE) @ N
Brown-out reset (BOR) Y Y 6] (@)
PVD O ¢} ) O
DMA 6] (@) - =
HSI o (®) - =
HSE O ¢} - -
LSl O o] )
HSE Clock Security System o o ) )
(CSS)
RTC O ¢] ) o]
USART1 ®) @) - -
USART2 0] O - -
12C 0] @) - -
SPI1 6] (@) - =
ADC 0] (@) - =
COMP1/COMP2 0] O 0] ®)
Temperature sensor 0] O - -
Timers(TIM1/TIM3 o o ) )
[TIM14/TIM16/TIM17)
LPTIM 0] (@) ©) o
IWDG 0] O 0] ®)
WWDG 0] O - -
SysTick timer 0] (@) - -
CRC 0o ¢} - -
GPIOs O ¢} 0] ®]

Y = Yes (enable), O = Optional (default disabled, can be enabled by software), - = Not available.

Flash is not powered off, but no clock is provided, and it enters the lowest power consumption state.

1
2
3. SRAM clock can be turned on or off.
4

SRAM is not powered off, but no clock is provided, and it enters the lowest power consumption state.

6.2. Sleep mode

6.2.1.

Entering sleep mode
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The sleep mode is entered by executing the WFI (wait for interrupt) or WFE (wait for event) instructions.

Two option are available to select the sleep mode entry mechanism, depending on the SLEEPONEXIT

bit in the Cortex MO+ System Control Register.

B Sleep-now: If the SLEEPONEXIT bit is 0, to enter sleep mode as soon as WFI or WFE instruction
is excuted.

B Sleep-on-exit: If the SLEEPONEXIT bit is 1, to enter sleep mode as soon as it exits the low priority
ISR.

In the sleep mode, all IO pins keep the same state as in the run mode.

6.2.2. Exiting sleep mode

If the WFI instruction is used to enter sleep mode, any peripheral interrupt acknowledged by NVIC can

wake up the device from sleep mode.

If the WFE instruction is used to enter sleep mode, the MCU exits sleep mode as soon as an event

occurs. The wakeup events can be generated in the following ways:

B Enable interrupts in the peripheral control register but not in the NVIC, and enabling the SEVON-
PEND bit in the Cortex MO+. When the MCU resumes from WFE, the peripheral interrupt pending
bit and the peripheral NVIC IRQ channel pending bit (in the NVIC interrupt clear pending register)
must be cleared.

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

This mode offer the shortest wakeup time, and no time is wasted in interrupt entry and exit.

Table 6-3 Sleep-now

Sleep-now mode Description

WFI or WFE while:

Mode entry - SLEEPDEEP =0 and

- SLEEPONEXIT=0

Enter the sleep mode through WFI, the exit method is: interrupt.

Mode exit Enter the sleep mode through WFE, the exit method is: wakeup event.
Wakeup latency None
Table 6-4 Sleep-on-exit
Sleep-on-exit Description
WFI while:
Mode entry - SLEEPDEEP = 0 and
- SLEEPONEXIT =1
Mode exit Interrupt
Wakeup latency None

6.3. Stop mode

The stop mode is based on the Cortex-MO+ deep sleep mode combined with peripheral clock gating,

and the VR can be configured as MR or LPR power supply. In stop mode, HSI and HSE are turned off,
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SRAM and register contents are kept in a state, LS|, LPTIMER, RTC, IWDG can be configured by soft-
ware whether to work, low-power wakeup and some RCC logic and so on, the clock inputs to the digital
blocks of the remaining VCORE domains are turned off.

In the stop mode, all IO pins keep the same state as in the run mode.

6.3.1. Entering stop mode
To further reduce power consumption in stop mode, when PWR_CR.LPR = 1, VR can enter LPR to
supply power.
If Flash memory programming is ongoing, the stop mode entry is delayed until the memory access is
finished (the BSY bit of the FLASH_SR register is read by software to determine whether the current
erase and program operations have been completed).
If an access to the APB domain is ongoing, the stop mode entry is delayed until the APB access is
finished (controlled by software).

6.3.2. Exiting stop mode
When exiting stop mode by issuing an interrupt or a wakeup event, the HIS oscillator is selected as
system clock.
In stop mode, if VR is in LPR state, there is an additional stabilization delay for wakup in stop mode.
In stop mode, if VR is in MR state, the current consumption will be large, but the wakeup time will be
reduced.

Table 6-5 Stop mode
Stop mode Description
WFI (wait for interrupt) or WFE (wait for event) while:
Configuration settings:
1) Configure the LPR bit of PWR_CR, to select VR to work under MR or LPR.
2) Configure the VOS bit of PWR_CR, to select LPR mode to provide 1.2 V or 1.0 V.
3) Configure the SRAM_RETV bit of PWR_CR, to select the retention voltage of SRAM.
4) Configure the MRRDY_TIME and FLS_SLPTIME of PWR_CR, to set wake-up time of MR
and Flash.
Set the SLEEPDEEP bit of Cortex MO+
Note:

Mode entry To enter stop mode, all EXTI line pending bits (EXTI_PR register), all peripheral interrupt pending
bits and RTC alarm flags must be reset. OtheRWise, the stop mode entry proceduce is ignored
and program execution continues.

If the application needs to disable HSE before entering stop mode, the system clock source must
be first switched to HSI and then clear the HSEON bit.

To make the change of chip power consumption as balanced as possible, the software needs to
follow the principle of gradual shutdown: gradually shut down the clock of each module, select HSI
as the system clock, close HSE.

To shorten the wakeup time, before entering the stop mode, the system clock should be configured
to select the HSI high-frequency clock, and the HPRE of the RCC_CFGR register is set to 0,
otheRWise the hardware switching clock after wake-up will consume extra clocks.

If using WFI to enter stop mode:

- Any EXTI Line configured in interrupt mode (the corresponding EXTI interrupt vector must be

Mode exit enabled in the NVIC).

If using WFE to enter stop mode:

- Any EXTI Line configured in event mode.

- _Interrupt pending bit when the CPU SEVONPEND bit is set.
Wakeup latency LPR to MR wakeup time + HSI wakeup time + Flash wakeup time

6.4.

Decreasing system clock frequency
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In run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by frequency
division through the prescaler register configuration. These prescalers can also be used to reduce the
frequency of peripherals before entering sleep mode.

When the system runs at a lower frequency (32.768 kHz), to obtain less power consumption, software
can set the drive capability configuration bit of the voltage regulator (MR) (PWR_CR1 register BIAS_CR
[3:0]), which greatly reduces the power consumption of MR itself. But it should be noted that the system
clock frequency should be reduced first, and then the driving capability of the MR should be adjusted.
On the contrary, when exiting the lower frequency and entering the higher operating frequency, it need
increase the driving capacity of the MR first, and then change the operating frequency of the system

clock.

6.5. Peripheral clock gating
In run mode, the AHB clock (HCLK) and APB clock (PCLK) for individual peripherals and memories can
be stopped at any time to reduce power consumption.
To reduce the power consumption in sleep mode, peripheral clocks can be stopped before executing
WFI or WFE instructions.
6.6. Power management register
The peripheral 's registers can be accessed through half-word or word.
6.6.1. Power control register 1 (PWR_CR1)
Address offset: 0x00
Reset value: 0x0003 0000 (reset by POR)
31 [ 30 |29 | 28] 27 26 | 25 [ 24 [ 23|22 21 20 19 | 18 | 17 | 16
HSIO
Re | Re | Re | Re | pog Res | Res | R¢ | Re | Re | Re Res N SRAM_RETV[2:0]
S S S S S S S S _CTR
L
R
RwW RwW RW W
15 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
FLS_SL
Re | LP PTIME[L: MRRDY_TIME[l VO | DB | Re | Re | Re | BIAS_ CR_S BIAS_CR[3:0]
S R 0] :0] S P S S S EL
RwW \I;QV \;RV RW RwW RW | RwW RW RW | RW | RW RW
Bit Name R/W | Reset Value Function
31:20 Reserved - - Reserved
HSI turns on time control when wakeup from stop mode.
19 HSION_CTRL RW 0 0: After waiting for MR to stabilize, enable HIS.
1: Turn on the VR, as well as enable HSI when wakeup
SRAM retention voltage control in stop mode
000: Reserved
. SRAM_RETV _ 001: Reserved
18:16 [2:0] RW 11 010: Reserved
011: Supply 0.9 V voltage to SRAM
1xx: Supply 1.2 V or 1.0 V to SRAM (depending on VOS hit)
15 Reserved
14 LPR RW 0 Low power regulator
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Bit

Name

R/W

Reset Value

Function

0: Main regulator works in stop mode
1: Low power regulator works in stop mode

13:12

FLS_SLPTIME

RW

2'b00

Wakeup sequence from stop mode, after the HSI is stable, a wait-
ing time is required before the Flash operation.

2'b00: 5 us

2'b01: 2 us

2'b10: 3 us

2'b11: O us

Note: When this register is set to 2'b11, it means that the program
is executed from SRAM instead of Flash after wakeup. And the
program guarantees that Flash will not be accessed within 3 us
after waking up the execution program.

11:10

MRRDY_TIME

RW

2'b00

During the stop mode, the VDD voltage is LP-VR, and the time
control of switching from LP-VR to stable Main-VR during
wakeup.

2'b00: 2 us

2'b01: 3 us

2'b10: 4 us

2'b11:5us

VOS

RW

Voltage scaling range selection
0: After entering stop mode, VDD = 1.2 V
1: After entering stop mode, VDD = 1.0V

DBP

RW

RTC write protection disabled

After reset, the RTC is write-protected to prevent accidental
writes. To access the RTC this bit must be set to 1.

0: Disable access to RTC

1: RTC can be accessed

7:5

Reserved

Reserved

BIAS_CR_SEL

RW

Select the MR bias current from the configuration of the BIAS_CR
register or from the loading of the Factory config.bytes area of the
information memory

0: Select the load from the Factory config.bytes area

1: Select from BIAS _CR register

3.0

BIAS_CR

RW

4'b0000

MR bias current configuration.
4'b0000:

6.6.2.

Address offset: 0x04
Reset value: 0x0000 0500 (reset by POR)

Power control register 2 (PWR_CR2)

Note: This register is related to PVD function.

31 30

29 28

27 26

25

24

23 22 21 20 19 18 17 16

Res | Res

Res | Res

Res | Res

Res

Res

Res | Res | Res | Res | Res Res Res Res

15 14

13 12

11 10

9 8 7 6 5 4 3 2 1 0

Res | Res

Res | Res

FLT_TIME[2:0]

FLTEN

Res PVDTJ[2:0] Res | SRCSEL | Res | PVDE

RW

RW

RW RW RW

Bit

Name

R/W

Reset Value

Function

31:12

Reserved

Reserved

11:9

FLT_TIME

RW

3'b010

Digital filter time configuration

The filter time is about 30.7 ms (1024 LSI clocks)
101: The filter time is about 3.8 ms (128 LSI clocks)
100: The filter time is about 1.92 ms (64 LSI clocks)
011: The filter time is about 480 us (16 LSI clocks)
010: The filter time is about 120 us (4 LSI clocks)
001: The filter time is about 60 us (2 LSI clocks)
000: The filter time is about 30 us (1 LSI clock)

FLTEN

RW

Digital filter function enable control
0: Disable
1: enable

Reserved
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Bit Name R/W | Reset Value Function
Voltage rising edge detection threshold (falling edge detection
threshold correspondingly reduced by 0.1 V) and PVDIN detection
control.
000: VPVDO (around 1.8 V)
001: VPVD1 (around 2. 0 V)
6:4 PVDT[2:0] RW 000 010: VPVD2 (around 2. 2 V)
011: VPVD3 (around 2.4 V)
100: VPVD4 (around 2.6 V)
101: VPVDS5 (around 2.8 V)
110: VPVD6 (around 3.0 V)
111: VPVDY7 (around 3.2 V)
3 Reserved
PVD detects power supply selection.
0:vccC
1:Detect PB7 pin
2 SRCSEL RW 0 If this bit is set to 1, the voltage on PB7 is internally compared to
VREFINT (including rising and falling thresholds). In this case, the
setting of the PVDT register is invalid.
1 Reserved - - Reserved
Voltage detect enable bit
0: Voltage detection disable
0 PVDE RW 0 1: Voltage detection enable
If SYSCFG_CFG2.PVD_LOCK =1, PVDE is write protected. Write
protection is reset only after a system reset.
6.6.3. Power status register (PWR_SR)
Address offset: 0x14
Reset value: 0x0000 0000 (reset by POR)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | PVDO | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
R
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
PVD test result
0: The detected VCC or PB7 exceeds the PVD selected
11 PVDO R compare threshold
1: Detected VCC or PB7 is below the PVD selected com-
pare threshold
10:0 Reserved - - Reserved
6.6.4. PWR register map
(e}
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7. Reset

There are two types of resets defined as power reset and system reset.

7.1. Reset source

7.1.1.

7.1.2.

7.1.3.

Power reset

A power reset sets all registers to their reset value, which occurs in the following situations:
B Power on reset (POR/ PDR)

B Brown-out reset (BOR)

System reset

A system reset sets most registers to their reset values, except some special registers, such as the
reset flag register.

A system reset generates when the following events occur:

B Reset of NRST pin

Windowed watchdog reset (WWDG)

Independent watchdog reset (IWDG)

SYSRESETREQ software reset

Option byte load reset (OBL)

Power reset (POR/PDR, BOR)

The reset source can be identified by checking the reset flag bits of the RCC_CSR register.

NRST pin (external reset)

By loading the option byte (NRST_MODE bit), the NRST pin can be configured in the following modes
(see option byte description for specific configuration):

B Resetinput

In this mode, any valid reset signal on the NRST pin is passed to the internal logic, but the reset
generated inside the chip is not output on the NRST pin.

In this configuration mode, the PF2 function of the GPIO is invalid.

There is burr filtering for NRST pin. The design ensures that NRST must meet the minimum width of
20 us, and the signal less than this width will be filtered out.

m GPIO

In this mode, the PIN can be used as a standard GPIO, like PF2. The reset function on the pin does

not work. Resets are only generated internally by the chip and cannot be passed to the pin.
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VvCC

20us filter

Filter NRST »

WWDG rstn  ——
IWDG rstn —> Sysrstn

A Softwarersth ———» & —— >
POR/PDR rsthn——p
BOR rstn —>
OBL rstn —»

NRST [

L

A4

HSI_10M

Figure 7-1 Simplified diagram of the reset circuit
7.1.4. Watchdog reset
See independent watchdog and system windows watchdog for details.

7.1.5. Software reset

A software reset can be achieved by setting the SYSRESETREQ bit in the ARM MO+ interrupt and
reset control register.

7.1.6. Option byte loader reset

By configuring FLASH_CR.OBL_LAUNCH = 1, the software generates an option byte load reset,
thereby starting the option byte load again.
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8. Clock

8.1. Clock source

8.1.1.

High-speed external clock (HSE)

The high-speed external clock comes from two sources:
B External crystal (crystal), with the internal start-up circuit, a clock signal of 4 to 32 MHz is gener-
ated.

B Input high-speed clock source directly from external.

Table 8-1 HSE clock sources

Clock source Hardware configuration

[ ]
External clock L]
GPI0

0SC IN 0SC_OUT
[ ]

External
source

|
External crystal L I

OSC_IN  0SC_OUT

L

| ||

I I
CL1 CL2
A\ Load /

capacitors

—+

8.1.2.

8.1.3.

External crystal

The 4 to 32 MHz crystals have very high accuracy. The HSERDY flag of RCC_CR shows whether the
HSE is stable. HSE can be turned on or off by the HSEON bit.

External clock source (HSE bypass)

In this mode, the external clock source is directly supplied to the chip. Software selects this mode by
the HSEBYP and HSEON bits of RCC_CR. The external clock source will be input into the chip through
PFO, and PF1 is used as GPIO.

High-speed internal clock (HSI)

The high-speed internal clock is the most important source of the chip system clock. The center fre-
quency of the HSI clock source is designed to be 24 MHz.

Low-speed internal clock (LSI)

The low-speed internal clock, as the clock for RTC, IWDG and LPTIM, and as the system clock when

the chip is running at low speed. The clock center frequency is designed at 32.768 kHz.

8.2. Clock tree
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8.3.

8.4.

HSI: High-speed internal clock
LSI: Low-speed internal clock
HSE: High-speed external clock

LSIRC to IWDG_
32kHz >

to RTC
HSE 132
RTCS to PWR R
EL g
To AHB bus, core, memory and DMA
AHB . g
L | PreEsC FCLK Cortex free-running (:Iock>
/1, 2..512 To Cortex system timer
LSI
MCO SYSCLK PQEEC PCLK To APB periphrals>
—————/ /1..128 HSE /1,2,4,8,16
HSI

PCLK
HSIRC | | to LPTIM
———»
24MHz Lsl

PCLHK
to COMP

LSG

HSIDIV peLy
to ADC
osc ouT|[  HsE HSISYS | _twaoCc
S, 4~32MHz

HSH

HSE SYSCLK

DOSCJN Clock LSl If(APB prescaler=1) x1,
detector else x2

TIM_PCLK

Figure 8-1 System clock structure

Clock security system (CSS)

The clock security system can be activated by software. In this case, the clock detection is enable after
the HSE oscillator startup delay, and disabled when this oscillator is stopped.

If a failure is detected on the HSE clock, the HSE oscillator is automatically disable, a clock failure event
is sent to the break input of advanced-control timer (TIM1) and general purpose timers (TIM16/TIM17)
and an interrupt is generated to inform the software of the failure (Clock Security System Interrupt CSSI),
which allows the MCU to perform rescue operations. CSSl is linked to the Cortex-M0O+ NMI (Non-mas-
kable interrupt) exception vector.

Note: Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMI is
automatically generated. The NMI will be executed indefinitely unless the CSS interrupt pending bit is
cleared. Therefore, in the NMI ISR user must clear the CSS interrupt by setting the CSSC bit in the clock
interrupt register (RCC_CICR).

If the HSE oscillator is used directly as the system clock, a detected failure cause a switch of the system

clock to the HIS oscillator and the disabling of the HSE oscillator.

Clock-out capability
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In order to facilitate board-level applications, save BOM costs and debug requirements, the chip needs
to provide a clock output function. That is, the MCO signal (parallel frequency division) in the following

table is used to realize the clock output function through the multiplexing function of GPIO.

Table 8-2 Output clock selection

Clock source MCO output clock source
HSI
SYSCLK N
HSE N
LSI v

8.5.

8.5.1.

When switching the MCO clock source and selecting the GPIO AF function as the initial stage of the

MCO, the MCO may generate glitches, and this period of time needs to be avoided.

Internal and external clock calibration with TIM14

Due to factors of temperature, voltage, process and production, the frequency of internal clock sources
(such as HSI, LSI, etc.) drifts. Therefore, it is necessary to take some necessary measures to calibrate
the frequency drift according to the change of the external working environment of the system.

The basic idea of clock drift processing is: when the external environment of the system changes, the
internal clock of the chip is dynamically measured in real time to detect and find problems. Then, the
trimming parameters of the internal clock are fine-tuned by software to achieve the purpose of dynamic

calibration.

HSI calibration

HSI clock calibration is divided into two parts: clock detection and clock calibration.

Clock measurement

The rationale is based on relative measurements (such as the ratio of HSI), and the accuracy is closely
related to the ratio of the two clock sources. The higher the ratio, the better the measurement.

HSI oscillators have dedicated calibration bits for this purpose and are user accessible. For the most
accurate calibration possible, choose HSE/32. The frequency of the HSI is measured by capturing the

signal through the channel 1 input of the TIM14.

TIM14

TI1_RMP[1:0]

GPIO
RTCCLK ™
HSE/32

MCO

Figure 8-2Frequency measurement with TIM14 in capture mode
The input capture channel of TIM14 can be a GPIO or an in-chip clock. The selection of these clocks
is implemented through the TI1_RMP [1:0] register of TIM14_OR. The four options are as follows:
B TIM14 channel 1 is connected to GPIO
B TIM14 channel 1 is connected to RTC Clock
B TIM14 channel 1 is connected to HSE/32 Clock
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B TIM14 channel 1 is connected to MCO (Microcontroller clock output)

Clock division

Once the abnormality of HSI clock is detected, it will notify the software to deal with it through interrupt.
The software achieves the purpose of dynamic calibration by fine-tuning the trimming parameters of
the internal clock.

Connect HSE/32 to the input capture of TIM14 channel 1 through MCO multiplexer, its main purpose
is to measure HSI accurately (in this case, HSI should be set as the system clock source). Such a
mechanism provides a measure of the internal clock period by counting the number of HSI clocks
during two consecutive HSE/32 signal transition edges.

The HSE high precision (ppm) when an external crystal is used, so that it is possible to determine the
internal clock frequency with the same resolution, and then trim the clock source to compensate for
the frequency drift related to process, temperature and voltage.

HSI is therefore designed with special user-accessible calibration register bits.

The rationale for this implementation mechanism is a relative measure: the accuracy is thus closely

related to the ratio of the frequencies of the two clock sources. The higher the ratio, the better the

measure.
8.5.2. LSl calibration
Like HSI, the clock frequency of LSl is also affected by voltage, temperature, process and production
drift. The calibration of LS| adopts HSE or HSI whose frequency differs greatly from the calibration,
and the calibration method is similar to that of HSI.
The calibration of the LSl is to connect the output of the LSI and the input capture of the TIM14. Define
the HSE as the system clock source, and provide a measure of the LSI cycle in the number of HSE
clocks of two consecutive LSIs.
In principle, it is still the relationship between relative frequencies, that is, the frequency ratio of
HSE/LSI: the calibration accuracy is closely related to this. The larger the ratio value, the better the
measurement.
8.6. Reset/clock register
The registers of this module can be accessed with word (32-bit), half-word (16-bit) and byte (8-bit).
8.6.1. Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 0100
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res Res Res Res | Res | Res | Res %SNS E\S(E SS\E( %SNE
RS | RW
15 14 13 12 11 10 g 8 7 6 5 4 3 2 1 0
Res | Res HSIDIV[2:0] I';;I( Res HSION | Res | Res | Res | Res | Res | Res | Res | Res
RW R RW
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Bit

Name

RIW

Reset Value

Function

31:20

Reserved

Reserved

19

HSE_CSSON

RS

Clock safety system enabled.

Set by software to enable the clock security system. When
this bit is set, if HSE is ready, the hardware will perform
clock detection. When the clock is found to be invalid, the
hardware disables the clock detection.

This bit can only be set and cleared by reset.

0: Clock security system OFF (clock detection OFF)

1: Clock safety system ON (clock detection ON if HSE is
stable, otheRWise OFF)

18

HSEBYP

RW

Bypass HSE to connect external crystal, select the pin input
clock.

It is set and cleared by software, the circumstance of by-
passing the external crystal, and connecting the external
pin to input the clock. The external clock must be enabled
with HSEON. The HSEBYP bit is set only when the HSE
external crystal is disabled.

0: HSE external crystal is not dropped by bypass

1: HSE external crystal is bypassed, and external pin input
clock

17

HSERDY

HSE clock ready flag

Set by hardware, indicating that the HSE is stable.

0: HSE not ready

1: HSE ready

Note: When HSEON is cleared, HSERDY is cleared imme-
diately

16

HSEON

RW

HSE clock enable

Software can be set and cleared. Enter stop mode, the
hardware clears this bit. This bit cannot be reset if HSE is
used directly or indirectly as the system clock.

0: HSE OFF

1: HSE ON

15:14

Reserved

Reserved

13:11

HSIDIV[2:0]

RW

HSI clock division factor.

Software controls these bits to set the frequency division
factor of HSI to generate the HSISYS clock
000: 1

001: 2

010: 4

011: 8

100: 16

101: 32

110: 64

111:128

10

HSIRDY

HSI clock ready flag.

Set by hardware to indicate HSI OSC is stable. This bit is
only valid when HSION = 1.

0: HSI OSC not ready,

1: HSI OSC ready,

When HSION is cleared, HSIRDY will be pulled low imme-
diately.

Reserved

Reserved

HSION

RW

HSI clock enable bit. Software can set and clear this bit.
When entering s top mode, the hardware clears this bit to
stop HSI.

When the HSI is used directly or indirectly as the system
clock (also when exiting stop mode, or when the HSE is
used as the system clock and fails).

0: HSI OFF

1: HSI ON

7:0

Reserved

Reserved

8.6.2.

Address offset: 0x04
Reset value: 0xOOFF 10FF, reset by POR/BOR

Internal clock source calibration register (RCC_ICSCR)

[ 31 |

| 29 | 28

27 |

26 | 25

| 24 [ 23 | 22 [ 21 ] 20 ] 19 | 18 | 17 | 16 |
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Res Res Res Res | LSI STARTUP | Res LSI_TRIM[8:0]
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
HSI_FS[2:0] HSI_TRIM[12:0]
RW |RW [ RW [ RW [ RW | RW | RW [RW [RW [RW [RW [RW [ RW | RW [ RW | RW
Bit Name R/W Reset Value Function
31:28 Reserved - Reserved
Low-speed internal clock (LSI) stabilization time selec-
tion:
. . 11: 256 LSI clock cycles
27:26 LSI_STARTUP RW 2'b00 10: 64 LS clock cycles
01: 16 LSl clock cycles
00: 4 LSI clock cycles
25 Reserved
Low-speed internal clock frequency calibration.
After power-on, the chip hardware will write the factory
information (stored in OX1FFF OFA4) into this register, so
2416 LSI_TRIM RW OXOFE ;huaetng;e LSl can output an accurate 32.768 kHz fre-
By rewriting the value of this register, the software in-
creases (decrease) the output frequency of LSI by about
0.2% for each increase (decrease) by 1.
HSI frequency selection:
000: 4 MHz
001: 8 MHz
010: 16 MHz
. 011: 22.12 MHz
15:13 HSI_FS RW 3'b000 100: 24 MHz
> =101: 4 MHz
After power-on, 4 MHz is selected by default. After the
option byte load is completed, the hardware switches to
8 MHz.
Clock frequency calibration value.
After power-on, the hardware uses the default calibration
value of HSI 4 MHz, and the factory information (stored
in 0 x1FFF OFAO) will be written into this register when
trimming.
The software reads out the data stored in the correspond-
ing address in the information area and writes it into the
register to realize the calibration under the specific output
frequency of the HSI.
Save it in the following address of Flash:
24 MHz calibration value storage Address offset: Ox1FFF
OF10
12:0 HSI_TRIM RW Ox10FF 22.12 MHz calibration value storage Address offset:
Ox1FFF OFOC
16 MHz calibration value storage Address offset: Ox1FFF
OF08
8 MHz calibration value storage Address offset: Ox1FFF
OF04
4 MHz calibration value storage Address offset: OX1FFF
OF00
After writing the calibration value to this register, the value
of this register can also be the central value, and the
value of this register can be modified. For each increase
(decrease) by 1, the output frequency of the HSI will in-
crease (decrease) by about 0.1%.
8.6.3. Clock configuration register (RCC_CFGR)
Address offset: 0x08
Reset value: 0x0000 0000
31 [ 30 [ 29[ 28 27 [ 26 ] 25 | 24 | 23 22 21 20 19 18 17 16
Res MCOPRE[2:0] Res MCOSEL[2:0] Res Res Res Res Res Res Res Res
RW RW
15 [ 14 ] 13 [ 12 | 11 0] 9 | 8 7 6 5 4 3 2 1 0
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Res

PPRE[2:0]

HPRE[3:0]

Res Res SWSJ2:0] SWJ2:0]

RW

RW

R RW

Bit

Name

R/W

Reset Value

Function

31

Reserved

Reserved

30:28

MCOPRE[2:0]

RW

Microcontroller clock output (MCO) frequency division fac-
tor. Software controls these bits to set the division factor of
the MCO output:

000: 1

001: 2

010: 4

011:8

100: 16

101: 32

110: 64

111: 128

Set these hits before enabling the MCO output.

27

Reserved

Reserved

26:24

MCOSEL[2:0]

RW

MCO selection

000: No clock, MCO output disabled
001: SYSCLK

010: HSI_10M

011: HIS

100: HSE

101: Reserved

110: LSI

111: Reserved

Note: Incomplete output clock conditions may occur during
the clock startup or switchover phase.

23:15

Reserved

Reserved

14:12

PPRE[2:0]

RW

This bit is controlled by software. To generate the PCLK
clock, it sets the division factor of HCLK as follows:

Oxx: 1

100: 2

101: 4

110: 8

111: 16

11:8

HPRE[3:0]

RW

AHB clock division factor.

Software controls this bit. In order to generate the HCLK
clock, it sets the frequency division factor of SYSCLK as
follows:

Oxxx: 1

1000: 2

1001: 4

1010: 8

1011: 16

1100: 64

1101: 128

1110: 256

1111: 512

In order to ensure the normal operation of the system, it is
necessary to configure an appropriate frequency according
to the VR power supply.

Note: It is recommended to switch the frequency division
factor step by step.

7:6

Reserved

Reserved

5:3

SWS[2:0]

System clock switch status bits

These bits are controlled by hardware and indicate which
clock source is currently being used as the system clock:
000: HSISYS

001: HSE

010: Reserved

011: LSl

Others: Reserved

2:0

SWI[2:0]

RW

System clock source selection bits.

Controlled by software and hardware, these bits select the
system clock:

000: HSISYS

001: HSE
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Bit Name R/W Reset Value Function
010: Reserved
011: LSl
Others: Reserved
The hardware is configured as HSISYS include:
1) The system exits from stop mode
2) Software configuration 001 (HSE), HSE failure occurs
(HSE is the system clock source.)
8.6.4. External clock source control register (RCC_ECSCR)
Address offset: 0x10
Reset value: 0x0001 0000
31 30 29 28 27 26 25 24 | 23 22 21 | 20 19 | 18 17 | 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res Res
15 14 13 12 11 10 | 9 | 8 | 7 ] 6 | 5] 4] 3 ]2 1 [ o
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | HSE FREQ Res
RW | RW |
Bit Name R/W Reset Value Function
31:4 Reserved RES - Resserved
HSE crystal oscillator operating frequency.
00: HSE off
3:2 HSE_FREQ RW 0x0 01: 4 MHz to 8 MHz
10: 8 MHz to 16 MHz
11: 16 MHz to 32 MHz
1.0 Resserved
8.6.5. Clock interrupt enable register (RCC_CIER)
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res HSE HSI Res Res LSI
RDYIE | RDYIE RDYIE
RW RW RW
Bit Name R/W Reset Value Function
315 Reserved - - Reserved
HSE clock ready interrupt enable.
4 HSERDYIE RW 0 0: Disable
1: Enable
HSI clock ready interrupt enable.
3 HSIRDYIE RW 0 0: Disable
1: Enable
2 Reserved - - Reserved
1 Reserved - - Reserved
LSI clock ready interrupt enable.
0 LSIRDYIE RW 0 0: Disable
1: Enable
8.6.6. Clock interrupt flag register (RCC_CIFR)
Address offset: 0x1C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res Res | Res | Res | Res Res Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Res | Res | Res | Res | Res | Res | Res | CSSF | Res | Res | Res HSE HSI Res | Res LSI
RDYF | RDYF RDYF
R R R R
Bit Name R/W Reset Value Function
31:9 Reserved - - Reserved
HSE clock security system interrupt flag.
When hardware detects HSE, this register is set when the
OSC clock fails.
8 CSSF R 0 0: HSE clock detection failure interrupt is not generated,
1: HSE clock detection failure interrupt generation,
Programming CSSC register 1 clears this bit.
7:5 Reserved - - Reserved
HSE ready interrupt flag
This bit is set by hardware when HSE is stable and HSER-
DYIE is enabled. Software clears this bit by setting the
4 HSERDYF R 0 HSERDYC bit.
0: No clock ready interrupt caused by HSE
1: Clock ready interrupt caused by HSE
HIS ready interrupt flag
This bit is set by hardware when HSI is stable and
HSIRDYIE is enabled. Software clears this bit by setting the
3 HSIRDYF R 0 HSIRDYC bit.
0: No clock ready interrupt caused by HSI
1: Clock ready interrupt caused by HSI
2:1 Res - - Reserved
LSI ready interrupt flag
This bit is set by hardware when LSI is stable and
LSIRDYIE is enabled. Software clears this bit by setting the
0 LSIRDYF R 0 LSIRDYC bit.
0: No clock ready interrupt caused by LSI
1: Clock ready interrupt caused by LSI
8.6.7. Clock interrupt clear register (RCC_CICR)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 | 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res Res Res | Res | Res | Res Res Res Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSE HSI LSl
Res | Res | Res | Res | Res | Res Res CSSC | Res | Res | Res RDYC | RDYC Res | Res RDYC
w wW w wW
Bit Name R/W Reset Value Function
31:9 Reserved - - Reserved
Clock safe interrupt clear bit.
8 CssC w 0 0: No effect.
1: Clear the CSSF flag.
75 Reserved - - Reserved
HSE ready flag is cleared.
4 HSERDYC w 0 0: No effect.
1: Clear the HSERDYF bhit.
HSI ready flag is cleared.
3 HSIRDYC W 0 0: No effect.
1: Clear the HSIRDYF bit.
2 Reserved - - Reserved
1 Reserved - - Reserved
LSl ready flag is cleared.
0 LSIRDYC W 0 0: No effect.
1: Clear the LSIRDYF bit.
8.6.8. /O interface reset register (RCC_IOPRSTR)

Address offset: 0x24
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Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res Res | Res | Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GPIOF GPIOB | GPIOA
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res RST Res | Res | Res RST RST
RW RW RW
Bit Name R/W Reset Value Function
31:6 Reserved - - Reserved
1/0O PortF reset.
5 GPIOFRST RW 0 0: no effect,
1: PortF 1/O reset
4.2 Reserved - - Reserved
1/0O PortB resets.
1 GPIOBRST RW 0 0: no effect,
1: Port B I/O reset
1/0 PortA resets.
0 GPIOARST RW 0 0: no effect,
1: PortA I/O reset
8.6.9. AHB peripheral reset register (RCC_AHBRSTR)
Address offset: 0x28
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | Res Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC DMA
Res Res | Res RST Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res RST
RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
CRC module reset.
12 CRCRST RW 0 0: no effect,
1: CRC module reset,
11:9 Reserved - - Reserved
8:1 Reserved - - Reserved
DMA reset.
0 DMARST RW 0 0: no effect,
1: DMA module reset
8.6.10. APB peripheral reset register 1 (RCC_APBRSTR1)
Address offset: 0x2C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPTIM PWR | DBG 12C USART2
RST Res Res RST | RST Res | Res | Res | Res | Res RST Res | Res | Res RST Res
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res | Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res Egﬂf Res
RW
Bit Name R/W Reset Value Function
LP Timer module reset.
31 LPTIMRST RW 0 0: no effect,
1: The module is reset,
30:29 Reserved - - Reserved
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Bit Name R/W Reset Value Function
Power interface module reset.
28 PWRRST RW 0 0: no effect,
1: The module is reset,
MCU Debug module reset.
27 DBGRST RW 0 0: no effect,
1: The module is reset,
26:22 Reserved - - Reserved
12C1 module reset.
21 I2CRST RW 0 0: no effect,
1: The module is reset,
20:18 Reserved - - Reserved
USART2 module reset.
17 USART2RST RW 0 0: no effect,
1: The module is reset
16:2 Reserved - - Reserved
TIM3 module reset.
1 TIM3RST RW 0 0: no effect,
1: The module is reset
0 Reserved
8.6.11. APB peripheral reset register 2 (RCC_APBRSTR?2)
Address offset: 0x30
Reset value: 0x0000 0000
31 30 29 28 27 26 | 25 | 24 | 23 22 21 20 19 18 17 16
AD
COMP | COMP TIM1 | TIM1
Res | Res Rse Res | Res Rse Rse Rse Rse 2 1 RCS Rse 7 6 | Res
RST RST T RST RST
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Sy
SPI S
TIM1 | USART TIM
4 1 Rse RlS 1 Rse Rse Rse Rse Res Res | Res Rse Res | Res CGF
RST RST T RST RS
T
RW RW RW | RW RW
Bit Name R/W Reset Value Function
31:23 Reserved - - Reserved
COMP2 module reset.
22 COMP2RST RW 0 0: no effect,
1: The module is reset,
COMP1 module reset.
21 COMP1RST RW 0 0: no effect,
1: The module is reset,
ADC module reset.
20 ADCRST RW 0 0: no effect,
1: The module is reset,
19 Reserved - - Reserved
TIM17 module reset.
18 TIM17RST RW 0 0: no effect,
1: The module is reset,
TIM16 module reset.
17 TIM16RST RW 0 0: no effect,
1: The module is reset,
16 Reserved - - Reserved
TIM14 module reset.
15 TIM14RST RW 0 0: no effect,
1: The module is reset,
USART1 module reset.
14 USART1RST RW 0 0: no effect,
1: The module is reset,
13 Reserved - - Reserved
12 SPI1RST RW 0 SPI1 module reset.
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Bit Name R/W Reset Value Function
0: no effect,
1: The module is reset,
TIM1 module reset.
11 TIM1IRST RW 0 0: no effect,
1: The module is reset,
10:1 Reserved - - Reserved
SYSCFG module reset.
0 SYSCFGRST RWs 0 0: no effect,
1: The module is reset,
8.6.12. 1/O interface clock enable register (RCC_IOPENR)
Address offset: 0x34
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res Res Res | Res | Res Res Res | Res | Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GPIOF GPIOB | GPIOA
Res | Res | Res | Res | Res | Res Res Res | Res | Res EN Res | Res | Res EN EN
RW RW RW
Bit Name R/IW Reset Value Function
31:6 Reserved - - Reserved
I/O PortF clock enable.
5 GPIOFEN RwW 0 0: Clock disabled,
1: Clock enable
4:2 Reserved - - Reserved
I/0O PortB clock enable.
1 GPIOBEN RW 0 0: Clock disabled,
1: Clock enable
I/O PortA clock enable.
0 GPIOAEN RwW 0 0: Clock disabled,
1: Clock enable
8.6.13. AHB peripheral clock enable register (RCC_AHBENR)
Address offset: 0x38
Reset value: 0x0000 0300
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res Res | Res | Res Res Res Res | Res | Res | Res | Res | Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC SRA- | FLASH DMA
Res | Res | Res EN Res | Res MEN EN Res | Res | Res | Res | Res | Res Res EN
RW RW RW RW
Bit Name R/W Reset Value Function
31:13 Reserved - - Reserved
CRC module clock enable.
12 CRCEN RwW 0 0: Disable
1: Enable
11:10 Reserved - - Reserved
In sleep mode, the clock enable control of SRAM
0: The module clock is disabled in sleep mode
1: The module clock is enabled in sleep mode
9 SRAMEN RW 1 Note: This bit only affects the clock enable of this module
in sleep mode, in run mode, the clock of this module will
not be disabled
In sleep mode, the clock enable control of FLASH
8 FLASHEN RW 1 0: The module clock is disabled in sleep mode
1: The module clock is enabled in sleep mode
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Bit Name R/W Reset Value Function
Note: This bit only affects the clock enable of this module
in sleep mode, in run mode, the clock of this module will
not be disabled
7:1 Reserved - - Reserved
DMA module clock enable.
0 DMAEN RW 0 0: Disable
1. Enable
8.6.14. APB peripheral clock enable register 1 (RCC_APBENR1)
Address offset: 0x3C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LPE-II-\IIM Res | Res PI\EAII\IR DEB,\? Res | Res | Res | Res | Res léﬁ Res | Res | Res USéNR T2 Res
RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDG RTC TIM3
Res Res Res | Res APB | Res | Res | Res | Res | Res | Res | Res | Res Res
EN EN EN
RW RW RW RW
Bit Name R/W Reset Value Function
LP Timerl module clock enable.
31 LTIMEN RW 0 0: Disable
1: Enable
30:29 Reserved - - Reserved
Low power control block clock enable.
28 PWREN RW 0 0: Disable
1: Enable
Debug module clock enable.
27 DBGEN RW 0 0: Disable
1: Enable
26:22 Reserved - - Reserved
12C1 module clock enable.
21 12CEN RW 0 0: Disable
1: Enable
20:18 Reserved - - Reserved
USART2 module clock enable.
17 USART2EN RW 0 0: Disable
1: Enable
16:12 Reserved - - Reserved
Window WDG module clock enable.
11 WWDGEN RW 0 0: Disable
1: Enable
This register is cleared by hardware system reset.
RTC Module APB clock enable.
10 RTCAPBEN RW 0 0: Disable
1: Enable
9:2 Reserved - - Reserved
TIM3 module clock enable.
1 TIM3EN RW 0 0: Disable
1: Enable
0 Reserved
8.6.15. APB peripheral clock enable register 2 (RCC_APBENR?2)
Address offset: 0x40
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
COMP | COMP | AD TIM1 | TIM1
Res Res Rse Res | Res Rse Rse Rse Rse 1 C Rse 7 6 Res
EN EN EN EN EN
RW RW RW RW RW
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SY
TIM1 | USART SPI | TIM S
4 1 Rse 1 1 Rse Rse Rse F;e Res Res | Res F;e Res | Res | CF
EN EN EN EN G
EN
RW RW RW | RW RW
Bit Name R/W Reset Value Function
31:23 Reserved - - Reserved
COMP2 module clock enable.
22 COMP2EN RW 0 0: Disable
1: Enable
COMP1 module clock enable.
21 COMP1EN RW 0 0: Disable
1: Enable
ADC module clock enable.
20 ADCEN RW 0 0: Disable
1: Enable
19 Reserved - - Reserved
TIM17 module clock enable.
18 TIM17EN RW 0 0: Disable
1: Enable
TIM16 module clock enable.
17 TIM16EN RW 0 0: Disable
1: Enable
16 Reserved - - Reserved
TIM14 module clock enable.
15 TIM14EN RW 0 0: Disable
1: Enable
USART1 module clock enable.
14 USARTI1EN RW 0 0: Disable
1: Enable
13 Reserved - - Reserved
SPI1 module clock enable.
12 SPIEN RW 0 0: Disable
1: Enable
TIM1 module clock enable.
11 TIM1EN RW 0 0: Disable
1: Enable
10:1 Reserved - - Reserved
SYSCFG module clock enable.
0 SYSCFGEN RW 0 0: Disable
1: Enable
8.6.16. Peripheral independent clock configuration register (RCC_CCIPR)
Address offset: 0x54
Reset value: 0x0000 0000
31 | 30 | 29 28 27 26 25 24 23 22 21 20 19 | 18 17 16
Res Res | Res | Res | Res Res Res Res | Res | Res | Res | LPTIM1SEL[1:0] | Res | Res
RW RW
15[ 14| 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Cg:\EALPZ Cg:\EALPl Z\éE Res | Res | Res Res Res Res | Res
| RW RW RW
Bit Name R/W Reset Value Function
31:20 Reserved - - Reserved
LPTIM1 internal clock source selection.
00: PCLK
19:18 LPTIMSEL[1:0] RW 2'b00 01: LSl
10: No clock
11: Reserved
17:10 Reserved - - Reserved
9 COMP2SEL RW 0 COMP2 module clock source selection.
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Bit Name R/W Reset Value Function

0: PCLK

1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
Note: Configure the selected LSC clock before enabling
FLTEN.

COMP1 module clock source selection.

0: PCLK

8 COMP1SEL RW 0 1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
Configure this register to select the clock before ena-
bling COMP2_FR2.FLTEN.

PVD detect clock source selection.

0: PCLK

7 PVDSEL RW 0 1: LSC (Clock selected by RCC_BDCR.LSCOSEL)
Note:Configure this register to select the clock before
enabling COMP1 FR1.FLTEN.

6:0 Reserved - - Reserved

8.6.17. RTC domain control register (RCC_BDCR)

Address offset: 0x5C
Reset value: 0x0000 0000, reset by POR/BOR
When PWR_CR1.DBP is 1, it is allowed to write to this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res | Res | Res | Res | Res | Res LSEEO Res Res Res Res | Res | Res | Res | BDRST
RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTCSEL
RTCEN | Res | Res | Res | Res | Res [1:0] Res Res Res Res Res | Res Res
RW RW
Bit Name R/W Reset Value Function
31:25 Reserved - - Reserved
Low-speed clock enable.
24 LSCOEN RW 0 0: Disable
1: Enable
23:17 Reserved - - Reserved
RTC domain soft reset.
16 BDRST RW 0 0: No effect
1: Reset
RTC clock enable. Software set or reset.
15 RTCEN 0: Disable
1: Enable
14:10 Reserved - - Reserved
RTC clock source selection.
00: No clock
01: Reserved
10: LSI
9:8 RTCSEL[1:0] RW 0 11: HSE divided by 128
Once the RTC clock source is selected, it cannot be
changed, except in the following cases:
® RTC is resetto 00
® BDRST soft reset to 00
7:0 Reserved - - Reserved

8.6.18. Control/status register (RCC_CSR)

Address offset: 0x60
Reset value: 0x0000 0000
Reset sources: 1) [30:25]: POR reset, 2) LSION: system reset, 3) NRST_FLTIDS will not be reset by

system reset reset
[3 ] 30 | 29 [ 28 | 27 | 26 | 25 | 24 | 23 [ 2221201918 ] 17 | 16 |
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IWD
WWD SFT | PWR | PIN OBL
R’se G RgT RST | RST | RST | RST | Res ngv Rse Rse Rse Rse Rse Res | Res
RSTF = F F F F
R R R R R R RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NRST LS
Re Res Res Res Res Res Res — Res Re | Re | Re | Re | Re RD LSIO
s FLT- s s s s s v N
DIS
RW R RW
Bit Name R/W Reset Value Function
31 Reserved
Window WDG reset flag.
30 WWDGRSTF R 0 Setting RMVF to 1 clears this bit.
IWDG reset flag.
29 IWDGRSTF R 0 Setting RMVF to 1 clears this bit.
Soft reset flag.
28 SFTRSTF R 0 Setting RMVF to 1 clears this bit.
BOR/POR/PDR reset flag.
21 PWRRSTF R 0 Setting RMVF to 1 clears this bit.
External NRST pin reset flag.
26 PINRSTF R 0 Setting RMVF to 1 clears this bit.
Option byte loader reset flag.
25 OBLRSTF R 0 Setting RMVF to 1 clears this bit.
24 Reserved -
23 RMVF RW 0 Reset flags [30:25] need to be cleared by software.
NRST filter disabled
0: HSI_10M is enabled, and the filter 20 us width function is
8 NRST_FLTDIS RW 0 enabled
1: The filtering function is disabled, and HSI_10M remains
off
7:2 Reserved - - Reserved
LS| OSC stable flag.
1 LSIRDY R 0 0: LSl is not stable
1: LSI has stabilized
LSI OSC enabled.
0: Disable
0 LSION RW 0 1: Enable
Set by software, cleared by software. This bit is set by hard-
ware when IWDG is enabled by hardware (via option byte).
8.6.19. RCC register address map
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0| CR n:n:n:n:n:n:n:n:n:n:n:n:m'g})J(“nJmn:n:[Z:O] o @ 9 o o o o o o e
2] T T T
X T I T
8 Re-
S olofo]o o|lo|o|o|ol1
valu
e
o,
a S
R|Cc::cs: g g g g Eﬁ g LSI_TRIM[8:0 & HSI_TRIM[12:0
0| R o o o o] E°| @ - [8:0] . - [12:0]
n %)
X | T
0 g
4 Re-
VS:|L olo o|1f{1f2|2|1]1|2|2]|o]ofol2|o|o]oflo|a|a|a]al2|2]1]1
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9. General-purpose I/0Os (GPIO)

9.1.

9.2.

9.3.

GPIO introduction

Each GPIO port has:

B Four 32-bit configuration registers (GPIOx_MODER, GPIOx OTYPER, GPIOx OSPEEDR,
GPIOx_PUPDR)

Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR)

One 32-bit set/reset register (GPIOx_BSRR)

One 32-bit lock register (GPIOx_LCKR)

Two alternate function selection registers (GPIOx_AFRH and GPIOx_AFRL).

GPIO main features

Output status: push-pull or open drain + pull-up/down

Output data from output data register (GPIOx_ODR) or peripheral (alternate function output)
Speed selection for each 1/0

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

Input data to input data register (GPIOx_IDR) or peripheral (alternate function input)

[
[
[
[
[
B Bit set/reset register (GPIOx_BSRR) for bitwise write access to GPIOx_ODR
B Locking mechanism (GPIOx_LCKR) provided to freeze the I/O port configuration function

B Analog function

B Alternate functions selection registers (at most 16 AFs per I/O port)

B Fast toggle capable of changing every single cycle

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

function

GPIO functional description

Each port bit of the GPIO ports can be individually configured by software in several modes:
Input floating

Input pull-up

Input pull-down

Analog input

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

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

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

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

Each I/O port bit is freely programmable, however the 1/O port registers have to be accessed as 32-bit
words, half-words or bytes. The purpose of the GPIOXx_BSRR and GPIOx_BRR registers is to allow
atomic read/modify accesses to any of the GPIOx_ODR registers. In this way, there is no risk of an IRQ

occurring between read and modify access.
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9.3.1.

9.3.2.

Analog input/output

To on-chip peripherals,

power control and EXTI o
Digital input

Read

|
|
|
\
|
|
|
}
On/off | VDD _
\
|
|
|
} on/off |2
|
[

‘ Input data register ‘

Writ .
e Qutput driver

1/0 pad

On/off ‘35

Bit set/reset registers

Read/write

-

Output data

Output control

register

From on-chip
peripheral

Alternate function output

Figure 9-1 Basic structure of an 1/O port bit

General-purpose 1/0 (GPIO)

During and after reset, the alternate functions are not active and most of the 10s are configured in
analog mode.

The debug pins are in alternate function pull-up or pull-down after reset:

B PA14-SWCLK: in pull-down mode

B PA13-SWDIO: in pull-up mode

Boot pin is set to input pull-down mode after reset:

B PF4-Boot: in pull-down mode

When the pin is configured as output, the value written to the output data register (GPIOx_ODR) is
output on the I/O pin. It is possible to use the output drive in push-pull mode or open-drain mode (only
the low level is driven, high level is HI-Z).

The input data register (GPIOx_IDR) captures the data present on the 1/O pin at every AHB clock cycle.
All GPIO pins have weak internal pull-up and pull-down resistors, which can be activated or not de-

pending on the value in the GPIOx_PUPDR register.

I/O pin alternate function multiplexer and mapping

The device I/O pins are connected to on-board peripherals/modules through multiplexers that allows

only one peripheral alternate function (AF) connected to an I/O pin at a time. In this way, there can be

no conflict between peripherals available on the same 1/O pin.

Each 1/O port has a multiplexer with up to 16 alternate function inputs (AFO to AF7), which can be

configured through the registers GPIOx_AFRL (for pin 0 to 7) and GPIOx_AFRH (for pin 8 to 15).

B After reset, the multiplexer selection is AFO. The 1/Os are configured in alternate function mode
through GPIOx_MODER register.

B The alternate function assignments for each pin are details in section 2.3.
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9.3.3.

9.3.4.

9.3.5.

In addition to this flexible multiplexer architecture, each peripheral has alternate functions mapped onto

different I/O pins to optimize the number of peripherals available in smaller packages.

The user configures 10 as follows:

B Debug function: After each reset, these pins are assigned as alternate function pins immediately
usable by the debugger host.

B GPIO: Configure the corresponding I/O port as output, input or analog mode in GPIOx_MODER
register.

B Peripheral multiplexing function:

» The I/O corresponding to the register GPIOx_AFRL or GPIOx_AFRH configuration is the
alternate function x (x = 0... 15).

» Registers GPIOx_OTYPER, GPIOx_PUPDR and GPIOX_OSPEEDER configure the type,
pull-up/pull-down and output speed respectively.

»  Configure the corresponding I/O as an alternate function in the GPIOx_MODER register.

B Additional functions:

» ADC and COMP functions are enabled in the registers of the ADC and COMP modules, in
every 1/O configuration. When the 1/O is used as ADC or COMP, it is recommended to con-
figure the port as analog mode through the register GPIOx_MODER

»  For additional functions of the crystal oscillator, configure the respective functions in the cor-
responding PWR and RCC module registers. These configurations have higher priority than

standard GPIO configurations.

I/O port control registers

Each of the GPIO ports has four 32-bit memory-mapped control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR and GPIOx_PUPDR) to configure up to 16 I/Os. The register
GPIOx_MODER is used to select the I/O mode (input, output, AF, analog). The GPIOx_OTYPER and
GPIOx_OSPEEDR registers are used to select the output type (push-pull or open-drain) and speed.
The GPIOx_PUPDR register is used to select the pull-up/pull-down whateverr the I/O direction.

I/O port data registers

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

I/O data bitwise handling

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

To each bit in GPIOx_ODR, correspond two control bits of GPIOx_BSRR: BS(i) and BR(i). When writ-
ten bit BS(i) to 1 can set the corresponding bit of GPIOx_ODR to 1, and setting bit BR(i) to 1 can clear
the corresponding bit of GPIOx_ODR to 0.
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9.3.6.

9.3.7.

9.3.8.

9.3.9.

Write any bit to 0 in GPIOXx_BSRR does not have any effect on the corresponding bit in GPIOx_ODR.
If there is an attempt to both set and reset a bit in GPIOx_BSRR, the set operation has priority.

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

There is no need for the software to disable interrupts when programming the GPIOx_ODR at bit level:

it is possible to modify one or more bits in a sinle atomic AHB write access.

GPIO locking mechanism

It is possible to freeze the 10 control with GPIOXx_LCKR registers through a series of special write
timings, including GPIOx_MODER, GPIOx_OTYPER, GPIOXx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL and GPIOx_AFRH.

A special write/read sequence can manipulate the register GPIOx_LCKR. When the right lock se-
quence is applied to bit 16 in this register, the value of LCKR[15:0] can LOCK the 1/O (during the write
sequence, the value of LCKR[15:0] remains unchanged). When the LOCK sequence has been applied
to a port bit, the value of the port bit cannot be modify until the next MCU reset or peripheral reset.
Each GPIOx_LCKR bit freezes the corresponding bit in the control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH).

the GPIOx_LCKR register with a word (32 bits) because the [15:0] bits are also set when the
GPIOx_LCKR bit 16 is set.

I/O alternate function input/output

Two registers are provided to select one of the alternate function input/outputs available for each 1/O.
The user can connect an alternate function to the IO port according as required by the application.

This means that a number of possible peripheral functions are multiplexed on each GPIO using the
GPIOx_AFRL and GPIOx_AFRH alternate function registers. The application can thus select any one
of the possible functions for each I/0. The AF selection signal being common to the alternate function
input and alternate function output, a single channel is selected for the alternate function input/output

of a given 1/O.

External interrupt/wakeup lines

All ports have external interrupt capability. To use the external interrupt lines, the given pin must be

disabled in analog mode or as oscillator pin, so the input trigger is kepy enabled.

I/O input configuration

When the 1/O port is configured as input:

B The output buffer is disabled

B The Schmitt trigger input is enable

B The pull-up and pull-down resistors can be enabled/disabled according to the configuration of the
GPIOx_PUPDR register

B The data present on the I/O pins are sampled into the input data register on every AHB clock

cycle
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B Aread access to the input data register provides the 1/O status

Analog input/output

<
<

To/from on-chip
peripherals, power < T T mmm—mm—m
control and EXTI | |
! Input driver :
[ | |
e : on !
2 | : VCC
) | |
Read = | //‘ |
“ £ ; N —e
I
2 E | ‘ TTL Schmitt Trigger : On/off |
-8 a | |
= c e I
Write 2 3 ovoutdriver 1 &————
_ § 2 | Output driver | A
g o I ! p
S~
8 g o ! on/oft |
= © | |
) o = | I
Read/write o | :
-« » 3 ! I
@] ! |
I I L
| | =
l__________ 4 8 |
Figure 9-2 Input floating/pull up/pull down configurations
9.3.10. /O output configuration

When the 1/O port is configured as output:
B The output buffer is enabled:
» Open-drain mode: A '0' in the output register activates the N-MOS whereas a '1' in the
output register leaves the port in a high-impedance state (the PMOS is never activated).
» Push-pull mode: A'0' in the output register activates the N-MOS whereas a '1' in the output
register activates the P-MOS.
The Schmitt trigger input is activated
The pull-up and pull-down resistors can be enabled/disabled according to the configuration of
the GPIOx_PUPDR register
The data present on the I/O pins are sampled into the input data register every AHB clock cycle
A read access to the input data register gets the I/O state

A read access to the output data register gets the value of the last write
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Analog input/output
- lInputdriver 1
Digital input
To on-chip peripherals, e P : :
power control and EXTI : :
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_ | |
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Figure 9-3 Output configuration

9.3.11. Alternate function configuration

When an I/O port is configured as alternate function:

B In an open-drain or push-pull configuration, the output buffer is turned on

B Built-in peripheral signal-driven output buffer (multiplexed function output)

B The Schmitt trigger input is activated

B The pull-up and pull-down resistors can be enabled/disabled according to the configuration of
the GPIOx_PUPDR register
The data present on the I/O pins are sampled into the input data register every AHB clock cycle

A read access to the input data register gets the I/O state
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Analog input/output
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Figure 9-4 Alternate function configuration

9.3.12. Analog configuration

When an 1/O port is configured as analog configuration:

The output buffer is disabled

The Schmitt trigger input is deactivated, providing zero consumption for every analog value of
the 1/0 pin. The output of Schmitt trigger is forced to '0’

The weak pull-up and pull-down resistors are disabled (software setting required)

Read access to the input data register gets the value is '0’

Analog input/output
To/from on-chip
peripherals, power « [T mmm e m—— e —
control and EXTI : |
| Input driver :
- ! I
3 | off !
ED | | VCC —
|
Read = I 0 //‘ |
* & : = —e
° |
g - | ‘ TTL Schmitt Trigger : On/off |
2 3 : I
% = I—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_'
. o - |
Write = _% : Output driver : ¢ * D
4] o) : | 1/0 pad
et o |
= |
+ © |
0 8 : O/ | On/off |
+ e |
@ = : I
Read/write o | :
=
< » > | |
o : |
| : =
- I

Figure 9-5 High impedance-analog configuration
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9.3.13.

Use the HSE oscillator pins as GPIOs

When the HSE oscillator is switch off (default state after reset), the related oscillator pins can be used

as normal GPIOs.
When the HSE oscillator is switch on (by setting the HSEON bit in the RCC_CSR register) the cor-

responding port needs to be configured as an analog port by software.

When the crystal oscillator is configured in a user external clock mode, only the pin is reserved for
clock input and the OSC_IN or OSC32_IN pin can still be used as normal GPIO.

9.4. GPIO registers

The GPIO related registers can be written in word, half word and byte mode.

9.4.1. GPIO port mode register (GPIOx_MODER) (x = A, B, F)
Address offset: 0x00
Reset value:
B OxEBFF FFFF for GPIOA
B OxFFFF FFFF for GPIOB
B OxFFFF FCFF for GPIOF
31 | 30 29 | 28 27 | 26 25 | 24 23 | 22 21 | 20 19 [ 18 [ 17 [ 16
MODE15[1: | MODE14[1: | MODE13[1: | MODE12[1: | MODE11[1: | MODE10[1: | MODE9[1: | MODES[1:
0] 0] 0] 0] 0] 0] 0] 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
MODE7[1:0] | MODE6[1:0] | MODE5[1:0] | MODE4[1:0] | MODE3[1:0] | MODE2[1:0] MO%I]E1[1: MO%I]EO[1:
RW [RW |RW ] RW |RW [RW |RW |RW | RW [RW | RW [ RW | RW | RW [ RW | RW
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the 1/O
mode
31:0 MODEy[1:0] RW 00: Input mode
01: General purpose output mode
10: Alternate function mode
11: Analog mode (reset state)
9.4.2. GPIO port output type register (GPIOx_OTYPER) (x = A, B, F)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 | OT8 | OT7 | OT6 | OT5 | OT4 | OT3 | OT2 | OT1 | OTO
RW RW RW RW RW RW RW | RW |RW | RW | RW | RW |RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:16 Reserved
These bits are written by software to configure the 1/O
i ) output type
150 MODE[15:0] RW 0: Output push-pull (reset state)
1: Output open-drain
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9.4.3. GPIO port output speed register (GPIOx_OSPEEDR) (x =A, B, F)
Address offset: 0x08
Reset value:
B 0x0CO0O0 0000 (for port A)
B 0x0000 0000 (for other ports)
31 | 30 29 | 28 27 | 26 25 [ 24 [ 23 | 22 | 21 | 20 | 19 | 18 [ 17 | 16
OSPEED15 OSPEED14 OSPEED13 | OSPEED12 | OSPEED11 | OSPEED10 | OSPEED9 | OSPEEDS8
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
OSPEED7 OSPEED6 OSPEED5 OSPEED4 OSPEED3 OSPEED2 OSPEED1 OSPEEDO
RW | RW | RW | RW | RW [ RW |RW [ RW |RW [RW [RW [RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the 1/O
output speed
31:.0 OSPEEDy[1:0] RW 00:Very low speed
01:Low speed
10:High speed
11:Very high speed
9.4.4. GPIO port pull-up and pull-down register (GPIOx_PUPDR) (x = A, B, F)
Address offset: Ox0C
Reset value:
B 0x2400 0000 (for port A)
®  0x0000 0000 (for port B)
Hm  0x0000 0200 (for port F)
31 [ 30 [ 29 | 28 27 | 26 25 | 24 [ 23 | 22 [ 21 [ 20 | 19 | 18 [ 17 | 16
PUPD15[1:0 | PUPD14[1:0 | PUPD13[1:0 | PUPD12[1:0 | PUPD11[1:0 | PUPD10[1:0 | PUPD9[1:0 | PUPDS8[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
PUPD7[1:0] | PUPD6[1:0] | PUPD5[1:0] | PUPD4[1:0] | PUPD3[1:0] | PUPD2[1:0] | PUPD1[1:0 | PUPDO[1:0
RW |RW [RW |[RW | RW [RW | RW | RW | RW | RW | RW [ RW | RW [ RW | RW | RW
Bit Name R/W Reset Value Function
y=15.0
These bits are written by software to configure the I/O
pull-up or pull-down
31:0 PUPDy[1:0] RW 00: No pull-up or pull-down
01: Pull-up
10: Pull-down
11: Reserved
9.4.5. GPIO port input data register (GPIOx_IDR) (x = A, B, F)

Address offset: 0x10
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
ID15 | ID14 | ID13 | ID12 ID11 ID10 | ID9 | ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 IDO
r r r r r r r r r r r r r r r r
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Bit Name R/W Reset Value Function
31:16 Reserved
y=15..0
15:0 Idy R This is read-only, it contain the input value of the corre-
sponds 1/O port
9.4.6. GPIO port output data register (GPIOx_ODR) (x = A, B, F)
Address offset: 0x14
Reset value: 0x0000 0000
31 | 30 | 29 [ 28 [ 27 | 26 | 25 | 24 | 23 [ 22 [ 21 [ 20 [ 19 | 18 | 17 | 16
Reserved
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Oob1 | Ob1 | OD1 | OD1 | OD1 | OD1 | OD | OD | OD | OD | OD | OD | OD | OD | OD | OD
5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW |RW | RW | RW | RN | RW | RW | RW | RW | RW | RW
Bit Name RIW Reset Value Function
31:16 Reserved
y=15..0
These bits are readable and writable by software.
15:0 Ody[1:0] RW Note: For GPIOx_BSRR or GPIOX_BRR registers. (x
= AB,F), each ODR bit can be independently
set/cleared.
9.4.7. GPIO port bit set/reset register (GPIOx_BSRR) (x = A, B, F)
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
\\ \\ \\ \\ w \\ w \\ \\ w \\ w \\ w w \\
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 | BS10 | BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO
w w w w w w w w w w w w w w w w
Bit Name R/W Reset Value Function
y=15..0
These bits are write-only. A read to these bits returns the
value of 0.
31:16 BRy W 0: No action on the corresponding ODRYy bit
1: Clear the corresponding ODRY bit
Note: If the corresponding bits of Bsy and Bry are set at
the same time, the Bsy bit has priority.
y=15..0
These bits are write-only. A read to these bits returns the
15:0 BSy w value of 0.
0: No action on the corresponding ODRYy bit
1: Set the corresponding ODRYy bit
9.4.8. GPIO port configuration lock register (GPIOx_LCKR) (x = A, B, F)

This register is used to lock the configuration of the port bits when the correct write sequence is applied
to bit 16 (LCKK) set. The value of bits [15:0] is used to lock the configuration of the GPIO, the value of
LCKR [15:0] must not change. When the LOCK sequence has been applied on the a port bit, the
configuration of the port bits cannot be changed until the next system reset.

Note: A special write sequence is used to write the GPIOx_LCKR register. Only word accesses can
be performed during the lock sequence.

Each lock bit freezes a specific configuration register (control and alternate function registers)
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Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res | Res | Res | Res | Res | Res | Res | Res | Res | Res LEK
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW |RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:17 Reserved
This bit can be read any time, it can only be modified by
the lock key write sequence
0: The port configuration lock key not active
1. The port configuration lock key activated, and the
GPIOx_LCKR register is locked until the next system re-
set
LOCK key write sequence:
The write sequence of the lock key: write 1- > write 0- >
16 LCKK RW write 1- > read 0- > read 1. The last read can be ignored,
but it can be used to confirm that the lock key has been
activated.
Note: During the LOCK key write sequence, the value of
LCK[15:0] must not change. Any error in the lock se-
guence will stop the lock key from being activated. After
the first lock sequence on any bit of the port, any read
access on the LCKK will return 1 until the next MCU reset
or peripheral reset.
y=15..0
These bits are readable and writable but can only be writ-
15:0 LCKy RW ten when the LCKK bit is 0.
0: Port configuration not locked
1: Port configuration locked
9.4.9. GPIO alternate function register (low) (GPIOx_AFRL) (x = A, B, F)
Address offset: 0x20
Reset value: 0x0000 0000
3 | 30 [ 29 [ 28 27 | 26 [ 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 | 18 [ 17 [ 16
AFSEL7[3:0 AFSEL6[3:0 AFSEL5[3:0] AFSEL4[3:0]
RW RW RW RW RW RW |RW |RW |RW |RW | RW | RW | RW | RW | RW | RW
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
AFSEL3[3:0] AFSEL2[3:0] AFSEL1[3:0] AFSELO0[3:0]
RW [ RW [ RW [ RW [ RW | RW [RW |RW [RW [RW [ RW [ RW | RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
These bits are written by software to configure alternate
function 1/0.
AFSELYy selection:
0000: AFO 1000: AF8
0001: AF1 1001: AF9
31:0 AFSEL){([)%(;] O=71 rw 0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
9.4.10. GPIO alternate function register (high) (GPIOx_AFRH) (x = A, B, F)

Address offset: 0x24

Reset value: 0x0000 0000
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31 [ 30 [ 29 [ 28 27 | 26 [ 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 ] 18 [ 17 [ 16
AFSEL15[3:0] AFSEL14[3:0] AFSEL13[3:0] AFSEL12[3:0]
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
AFSEL11[3:0] AFSEL10[3:0] AFSEL9[3:0] AFSELB8[3:0]
RW | RW [ RW | RW | RW | RW [RW |RW [RW [RW |RW [RW | RW | RW [ RW | RW

Bit Name R/W Reset Value Function
These bits are written by software to configure alternate
function 1/O.
AFSELy selection:
0000: AFO 1000: AF8
. _ 0001: AF1 1001: AF9
31:0 AFSE"g’ﬁgi(y‘ 81 Rw 0010: AF2 1010: AF10
0011: AF3 1011: AF11
0100: AF4 1100: AF12
0101: AF5 1101: AF13
0110: AF6 1110: AF14
0111: AF7 1111: AF15
9.4.11. GPIO port bit reset register (GPIOx_BRR) (x = A, B, F)
Address offset: 0x28
Reset value: 0x0000 0000
31 | 30 [ 29 [ 28 [ 27 | 26 | 25 | 24 [ 23 [ 22 [ 21 [ 20 | 19 [ 18 [ 17 | 16
Res
15 14 13 2 11 10 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
\\ \\ \\ \\ w \\ w W \\ \\ \\ \\ \\ \\ w \\
Bit Name R/W Reset Value Function
31:16 Reserved
y=15.0
These bits are write-only. A read to these bots re-
15:0 Bry RW turns the value of 0.
0: No action on the corresponding Ody bit
1: Clear the corresponding Ody bit
9.4.12. GPIO register map
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10. System configuration controller (SYSCFG)

The devices feature a set of configuration registers. The main purpose of the system configuration con-

trolle
[]

rare:

Enable or disable 12C Fast Mode Plus on some 10O pins

Remap some DMA trigger sources to different DMA channels

Remap the memory located at the beginning of the code area

Manage the external interrupts connected to GPIOs

Manage robustness features

10.1. System configuration register

10.1.1. SYSCFG configuration register 1 (SYSCFG_CFGR1)
This register is used for specific configuration of memory and DMA request remap and control special
I/O functions.
Two bits are used to configure the type of memory accessible at address 0x0000 0000. These two
bits are used to select the physical remap by software, and bypass the hardware BOOT selection.
After reset, these bits take the value configured by the actual boot mode.
Address offset: 0x00
Reset value: 0x0000 000x (x is the memory mode selected by the actual boot mode configuration)
i 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 | 16
12C | 12C | 12C | 12
C
R 12C_ | 12C_ | 12C_ | 12C_ | 5, = Y — | 12C_ | 12C_ | 12C_ | 12C_
e |12CA_|\F1)|E PFO_ | PBS_ | PB7_ | PB6_ 1P2A 1P1A 1POA ZA PAS_ | PA7_ | PA3_ | PAZ_ Rse Rse
S - ANF ANF ANF ANF AN | AN | AN | AN ANF ANF ANF ANF
F | F | F|F
RwW RwW RW RW RW RW | RW | RW \I:/ RW RW RW RW
é 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R MEM_M
e Res Res Res Res Res Re Re Re | Re Res Res Res Res ODE
s s s s )
s [1:0]
RW
Bit Name R/W Reset Value Function
31 Reserved RW - Read and write
Analog filter enable control of 12C related 1/0
30:18 12C_lOx_ANF RW 0 0: Analog filter disable
1: Analog filter enable
17:2 Reserved RW 0 Read and write
Memory mapping selection bit
Set and clear by software. They control the mapping of
MEM MODE memory at address 0x0000 0000. After reset, these bits
1:0 [I'O] take on the actual boot mode configuration values.
) X0: Main Flash, mapped at 0x0000 0000
01: System Flash, mapped at 0x0000 0000
11: SRAM, mapped at 0x0000 0000
10.1.2. SYSCFG configuration register 2 (SYSCFG_CFGR2)

Address offset: 0x18

98/434



PY32F003 Reference Manual

Reset value: 0x0000

3(3|2]|2]2 1
11ololsl7 26 | 25 24 23 22 21 20 19 18 7 16
RIR|R|R|R R
elejel|e|e Ze Rse Res Res Res Res Res Res ; e | Res
s|s|s|s|s s
111|111
5lal3|2]1 10 | 9 8 7 6 5 4 3 2 |1 0
P
\Y, LO
RIR|R|R|R | g og | COMP2_ | COMPL_ | cOMP2_ | COMPL_ | comP2 | comP1 | ° | R | 5%
ejelejeje| o BRK_TI BRK_TI BRK_TI BRK_TI | _BRK_T | _BRK_T L |e L
s|s|s|s|s - M17 M17 M16 M16 M1 M1 s | =
0] oC
C K
K
RW RW RW RW RW RW RW \|7V RW
Bit Name R/W Reset Value Function
31:11 Reserved - - -
TIMER1 ETR input source selection.
2 'b00: ETR source from GPIO
10:9 E_;.rlllz\{/l—l?le] RW 2’b00 2 'b01: ETR source from COMP1
- ’ 2 'b10: ETR source from COMP2
2 'b11: ETR source from ADC
COMP2 as TIMx break input enable.
8 COI\/_Il_F;,\Z/rlI?RK RW 0 0: COMP2 output is not used as TIM17 break input
- 1. COMP2 output as TIM17 break input
COMPL1 as TIMx break input enable.
7 CO'\/_erl\l/l—lsRK RW 0 0: COMP1 output is not used as TIM17 break input
- 1: COMP1 output as TIM17 break input
COMP2 as TIMx break input enable.
6 COI\/_Il_F;I\Z/I_lgRK RW 0 0: COMP2 output is not used as TIM16 break input
- 1. COMP2 output as TIM16 break input
COMP1 as TIMx break input enable.
5 COI\/ITITI\l/I_lIgRK RW 0 0: COMP1 output is not used as TIM16 break input
- 1: COMP1 output as TIM16 break input
COMP2 as TIMx break input enable.
4 COM_T_)I?\A—PRK RW 0 0: COMP2 output is not used as TIM1 break input
- 1: COMP2 output as TIM1 break input
COMP1 as TIMx break input enable.

3 COM.Eh—fRK— RW 0 0: COMP1 output is not used as TIM1 break input
1: COMP1 output as TIM1 break input
PVD Lock enable bit
Set by software and cleared by system reset. It can be used
as the brake input to enable and lock the PVD connection
to TIM1/TIM16/TIM17, and also lock the PVDE of the
PWR_CR register.

g -y K RW 0 0: PVD interrupt is not connected to the brake input of
TIM1/TIM16/TIM17. The PVDE bit can be written by the ap-
plication.
1: PVD interrupt is connected to the brake input of
TIM1/TIM16/TIM17. The PVDE bit is read only.

1 Reserved - - -
Cortex-M0+ LOCKUP enable bit
Set by software and cleared by system reset. It can enable
and lock the LOCKUP (hardfault) output of Cortex-MO+ to

0 LOCKUP_ RW the brake input of TIM1/TIM16/TIM17.

LOCK 0: The LOCKUP output of Cortex-M0+ is not connected to
the brake input of TIM1/TIM16/TIM17
1: The LOCKUP output of Cortex-MO+ is connected to the
brake input of TIM1/TIM16/TIM17
10.1.3. SYSCFG configuration register 3 (SYSCFG_CFGR3)
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Address offset: 0x1C
Reset value: 0x0000 0000

31

30 29 28 27 26

25

24 23 22

21 20 [ 19

[ 18 [ 17 | 16

Res

Res Res Res | Res | Res

Res

Res | Res | Res

DMA3_
ACK-
LVL

DMA3_MAP

RW RW RW RW

RW

RW

15

14 13 12 11 10

9

3 2

1

Res

DMA2_
ACK-
LVL

Res DMA2_MAP

Res | Res

DMAL_
ACK-
LVL

DMA1_MAP

RW

RW [ RW | RW [ RW | RW

RW RW | RW

[ RW | RW | RW

Bit

Name

R/W

Reset Value

Function

31:22

Reserved

21

DMA3_ACKLVL

RW

Response speed enable bit for DMA channel 3

0: Normal speed response
1: Quick speed response

20:16

DMA3_MAP

RW

00000: ADC

00001: SPI1_TX
00010: SPI1_RX
00011: Reserved
00100: Reserved
00101: USART1_TX
00110: USART 1_RX
00111: USART2_TX
01000: USART2_RX
01001: 12C_TX
01010: I2C_RX
01011: TIM1_CH1
01100: TIM1_CH2
01101: TIM1_CHS3
01110: TIM1_CHA4
01111: TIM1_COM,
10000: TIM1_UP
10001: TIM1_TRIG
10010: TIM3_CH1
10011: TIM3_CH3
10100: TIM3_CH4
10101: TIM3_TRG
10110: TIM3_UP
10111: Reserved
11000: TIM16_CH1
11001: TIM16_UP
11010: TIM1 7_CH1
11011: TIM17_UP
Others: Reserved

15:14

Reserved

13

DMA2_ACKLVL

RW

Response speed enable bit for DMA channel 2

0: Normal speed response
1: Quick speed response

12:8

DMA2_MAP

RW

00000: ADC

00001: SPI1_TX
00010: SPI1_RX
00011: Reserved
00100: Reserved
00101: USART1_TX
00110: USART 1_RX
00111: USART2_TX
01000: USART2_RX
01001: 12C_TX
01010: I2C_RX
01011: TIM1_CH1
01100: TIM1_CH2
01101: TIM1_CH3
01110: TIM1_CH4
01111: TIM1_COM
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Bit

Name

R/W

Reset Value

Function

10000: TIM1_UP
10001: TIM1_TRIG
10010: TIM3_CH1
10011: TIM3_CH3
10100: TIM3_CH4
10101: TIM3_TRG
10110: TIM3_UP
10111: Reserved
11000: TIM16_CH1
11001: TIM16_UP
11010: TIM17_CH1
11011: TIM17_UP
Others: Reserved

7:6

Reserved

DMA1_ACKLVL

RW

Response speed enable bit for DMA channel 1

0: Normal speed response
1: Quick speed response

4:0

DMA1_MAP

RW

00000: ADC

00001: SPI1_TX
00010: SPI1_RX
00011: Reserved
00100: Reserved
00101: USART1_TX
00110: USART 1_RX
00111: USART2_TX
01000: USART2_RX
01001: I2C_TX
01010: I2C_RX
01011: TIM1_CH1
01100: TIM1_CH2
01101: TIM1_CHS3
01110: TIM1_CHA4
01111: TIM1_COM
10000: TIM1_UP
10001: TIM1_TRIG
10010: TIM3_CH1
10011: TIM3_CH3
10100: TIM3_CH4
10101: TIM3_TRG
10110: TIM3_UP
10111: Reserved
11000: TIM16_CH1
11001: TIM16_UP
11010: TIM17_CH1
11011: TIM17_UP
Others: Reserved

10.1.4.

SYSCFG register map

O
ff
S
E
t

Re
gi
st

(0]
S

31
0
9

28

27

26

25

24

23

22

21

20
19

8
17
16
15

14

13
12

11
10
9
8
7
6

OO X O

OTMOn<w

12C PF1 ANF
12C PFO ANF
12C PB8 ANF
12C PB7 ANF
12C PB6 ANF
12C PA12 ANF
12C PA11l ANF
12C PA10 ANF
12C PA9 ANF

12C PA8 ANF

12C PA7 ANF

12C PA3 ANF

12C PA2 ANF

[1:0]

MEM_MODE|

2]
~23Bonol

val

c
0]
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11. DMA

11.1. DMA introduction

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

The two DMA controllers have 3 channels in total, each dedicated to managing memory access requests

from one or more peripherals. It has an arbiter for handling the priority between DMA requests.

11.2. DMA main features

B Three independently configurable channels (requests)

B Each of the 12 channels is connected to dedicated hardware DMA requests, software trigger is

also supported on each channel. This configuration is done by software

B Priorities between requests from channels of one DMA are software programmable (4 levels con-
sisting of very high, high, medium, low) or hardware in case of equality (request 1 has priority over

request 2, etc.)

B Independent source and destination transfer size (byte, half word, word), emulating packing and

unpacking. Source/destination addresses must be aligned on the data size

B Three event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error) logically

ORed together in a single interrupt request for each channel
Memory-to-memory transfer
Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral transfers

Access to Flash, SRAM, APB and AHB peripherals as source and destination

Programmable number of data to be transferred: up to 65536

11.3. DMA functional description

103/434



PY32F003 Reference Manual

11.3.1.

11.3.2.

Cortex-MO+ <,:> Flash

RCC CRC
ADC TIM1
USART1 TIM3
AHB

Bridge | APB USART2 TIM16
SPI1 TIM17
12C

Bus
DMA matrix

dma_ack

chn_req dma_req

A

DMAMUX

Figure 11-1 DMA block diagram

DMA transactions

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

In summary, each DMA transfer consists of three operations:

B The loading of data from the peripheral data register or a location in memory addressed through
an internal current peripheral/memory address register. The start address used for the first trans-
fer is the base peripheral/memory address programmed in the DMA_CPARx or DMA_CMARX
register

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

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

Arbiter

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

The priorities are managed in two stages:

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

levels:

»  Very high priority
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»  High priority
»  Medium priority
»  Low priority
B Hardware: if 2 requests have the same software priority level, the channel with the lowest number

will get priority versus the channel with the highest number. For example, channel 2 gets priority

over channel 4.

11.3.3. DMA channels

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

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

Pointer incrementation

Peripheral and memory pointers can optionally be automatically post-incremented after each transac-
tion depending on the PINC and MINC bits in the DMA_CCRX register. If incremented mode is enabled,
the address of the next transfer will be the address of the previous one incremented by 1, 2 or 4
depending on the chosen data size.

The first transfer address is the one programmed in the DMA_CPARx/DMA_CMARX registers. During
transfer operations, these registers keep the initially programmed value. The current transfer ad-
dresses (in the current internal peripheral/memory address register) are not accessible by software.

If the channel is configured in noncircular mode, no DMA request is served after the last transfer (that
is once the number of data items to be transferred has reached zero). In order to reload a new number
of data items to be transferred into the DMA_CNDTRX register, the DMA channel must be disabled.
In circular mode, after the last transfer, the DMA_CNDTRX register is automatically reloaded with the
initially programmed value. The current internal address registers are reloaded with the base address
values from the DMA_CPARXx/DMA_CMARKX registers.

Circular mode

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

The DMA channels can also work without being triggered by a request from a peripheral. This mode is
called Memory to Memory mode.

If the MEM2MEM bit in the DMA_CCRX register is set, then the channel initiates transfers as soon as
it is enabled by software by setting the Enable bit (EN) in the DMA_CCRX register. The transfer stops
once the DMA_CNDTRKX register reaches zero. Memory to Memory mode may not be used at the
same time as Circular mode.

Channel configuration procedure
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The following sequence should be followed to configure a DMA channelx (where x is the channel

number).

B Set the peripheral register address in the DMA_CPARX register. The data will be moved from/ to
this address to/ from the memory after the peripheral event.

B Setthe memory address in the DMA_CMARKX register. The data will be written to or read from this
memory after the peripheral event.

B Configure the total number of data to be transferred in the DMA_CNDTRX register. After each

peripheral event, this value will be decremented.

B Configure the channel priority using the PL[1:0] bits in the DMA_CCRX register.

B Configure data transfer direction, circular mode, peripheral & memory incremented mode, periph-
eral & memory data size, and interrupt after half and/or full transfer in the DMA_CCRX register.

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

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

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

set.

11.3.4. Programmable data width, data alignment and endians

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as described in
Table 11-1.

Table 11-1 Programmable data width and endian behavior (when bits PINC = MINC = 1)
Des- | Number

Source | tina- of data Source con- Destination
port tion | items to tent: Transfer operations content:
width port | transfer | address/data address / data

width (NDT)
0x0/B0 1: READ BO0[7:0] @0x0 then WRITE BO[7:0] @0x0 0x0/BO
8 8 4 0x1/B1 2: READ B1[7:0] @0x1 then WRITE B1[7:0] @0x1 0x1/B1
0x2/B2 3: READ B2[7:0] @0x2 then WRITE B2[7:0] @0x2 0x2/B2
0x3/B3 4: READ B3[7:0] @0x3 then WRITE B3[7:0] @0x3 0x3/B3
1: READ BO[7:0] @0x0 then WRITE 00BO[15:0]
@0x0
0x0/B0 2: READ B1[7:0] @0x1 then WRITE 00B1[15:0] 0x0/00B0O
8 16 4 0x1/B1 @0x2 0x2/00B1
0x2/B2 3: READ B3[7:0] @0x2 then WRITE 00B2[15:0] 0x4/00B2
0x3/B3 @0x4 0x6/00B3
4: READ B4[7:0] @0x3 then WRITE 00B3[15:0]
@0x6

1: READ BO[7:0] @O0x0 then WRITE
000000B0[31:0] @0x0

0x0/BO 2: READ B1[7.0] @O0x1 then WRITE | 0x0/000000BO
8 32 4 0x1/B1 000000B1[31:0] @0x4 0x4/000000B1
0x2/B2 3: READ B3[7:.0] @O0x2 then WRITE | 0x8/000000B2
0x3/B3 000000B2[31:0] @0Ox8 0xC/000000B3
4. READ B4[7:0] @0x3 then WRITE
000000B3[31:0] @0xC
0x0/B1B0O 1: READ B1B0[15:0] @0x0 then WRITE BO[7:0] 0x0/B0O
16 8 4 0x2/B3B2 @0x0 0x1/B2
0x4/B5B4 2: READ B3B2[15:0] @0x2 then WRITE B2[7:0] 0x2/B4
0x6/B7B6 @0x1 0x3/B6
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Des- | Number
Source | tina- of data Source con- Destination
port tion | items to tent: Transfer operations content:
width port | transfer | address/data address / data
width (NDT)
3: READ B5B4[15:0] @0x4 then WRITE B4[7:0]
@0x2
4: READ B7B6[15:0] @0x6 then WRITE B6[7:0]
@0x3
1: READ B1B0[15:0] @0x0 then WRITE B1B0[15:0]
@0x0
0x0/B1B0O 2: READ B3B2[15:0] @0x2 then WRITE B3B2[15:0] 0x0/B1B0
16 16 4 0x2/B3B2 @0x2 0x2/B3B2
0x4/B5B4 3: READ B5B4[15:0] @0x4 then WRITE B5B4[15:0] 0x4/B5B4
0x6/B7B6 @0x4 0x6/B7B6
4: READ B7B6[15:0] @0x6 then WRITE B7B6[15:0]
@0x6
1. READ B1B0[15.0] @Ox0 then WRITE
0000B1B0[31:0] @0x0
0x0/B1B0O 2. READ B3B2[15:0] @O0x2 then WRITE 0x0/0000B1B0O
16 32 4 0x2/B3B2 0000B3B2[31:0] @0x4 0x4/000B3B2
0x4/B5B4 3: READ B5B4[15:0] @O0x4 then WRITE 0x8/0000B5B4
0x6/B7B6 0000B5B4[31:0] @0x8 0xC/0000B7B6
4. READ B7B6[15:0] @O0x6 then WRITE
0000B7B6[31:0] @0xC
1: READ B3B2B1BO0[31:0] @O0x0 then WRITE
BO[7:0] @0x0
0x0/B3B2B1B0 2. READ B7B6B5B4[31:0] @0x4 then WRITE 0x0/B0O
0x4/B7B6B5B4 .
32 8 4 | oxe/BBBABOBS | B47:0] @OXI Ox1/B4
OXC/BFBEB- 3: READ BBBAB9B8[31:0] @0x8 then WRITE 0x2/B8
DBC B8[7:0] @0x2 0x3/BC
4. READ BFBEBDBC[31:0] @0xC then WRITE
BC[7:0] @0x3
1: READ B3B2B1B0[31:0] @0x0 then WRITE
B1B0[7:0] @0x0
0x0/B3B2B1B0 2. READ B7B6B5B4[31:0] @0x4 then WRITE 0x0/B1B0
0x4/B7B6B5B4 .
32 16 4 0x8/BBBARYRS B5B4[7:0] @0x1 0x2/B5B4
OxXC/BFBEB- 3: READ BBBAB9B8[31:0] @0x8 then WRITE 0x4/B9B8
DBC B9B8[7:0] @0x2 0x6/BDBC
4: READ BFBEBDBC[31:0] @O0xC then WRITE
BDBC[7:0] @0x3
1: READ B3B2B1B0[31:0] @0x0 then WRITE
B3B2B1B0[31:0] @0x0
8?%53525%52 2. READ B7B6B5B4[31:0] @0x4 then WRITE | 0x0/B3B2B1B0
32 32 4 0x8/BBBARIRS B7B6B5B4[31:0] @0x4 0x4/B7B6B5B4
OxC/BFBEB- 3: READ BBBAB9B8[31:0] @0x8 then WRITE | Ox8/BBBAB9B8
DBC BBBAB9B8[31:0] @0x8 0xC/BFBEBDBC
4: READ BFBEBDBC[31:0] @0xC then WRITE
BFBEBDBC[31:0] @0xC

Addressing an AHB peripheral that does not support byte or halfword write operations

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on the unused
lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does not support byte or
halfword write operations (when HSIZE is not used by the peripheral) and does not generate any error,
the DMA writes the 32 HWDATA bits as shown in the two examples below:

B To write the halfword “OxABCD”, the DMA sets the HWDATA bus to “OxABCDABCD” with HSIZE

= HalfWord
B To write the byte “OxAB”, the DMA sets the HWDATA bus to “OXABABABAB” with HSIZE = Byte

Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the HSIZE
data into account, it will transform any AHB byte or halfword operation into a 32-bit APB operation in
the following manner:

B An AHB byte write operation of the data “OxB0” to 0x0 (or to 0x1, 0x2 or 0x3) will be converted to
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an APB word write operation of the data “OxBOBOB0BO0” to 0x0

B An AHB halfword write operation of the data “OxB1B0” to 0x0 (or to Ox2) will be converted to an
APB word write operation of the data “OxB1B0B1B0” to 0x0

For instance, to write the APB backup registers (16-bit registers aligned to a 32-bit address boundary),
the memory source size (MSIZE) must be configured to “16-bit” and the peripheral destination size
(PSIZE) to “32-bit”.

11.3.5. Error management

A DMA transfer error can be generated by reading from or writing to a reserved address space. When
a DMA transfer error occurs during a DMA read or a write access, the faulty channel is automatically
disabled through a hardware clear of its EN bit in the corresponding Channel configuration register
(DMA_CCRXx). The channel's transfer error interrupt flag (TEIF) in the DMA_IFR register is set and an

interrupt is generated if the transfer error interrupt enable bit (TEIE) in the DMA_CCRX register is set.

11.3.6. DMA Interrupts

An interrupt can be produced on a Half-transfer, Transfer complete or Transfer error for each DMA

channel. Separate interrupt enable bits are available for flexibility.

Table 11-2 DMA interrupt requests

Interrput event Event flag Enable Control bit
Half-transfer HTIF HTIE
Transfer complete TCIF TCIE
Transfer error TEIF TEIE

When the DMA_CNDTRX register is 1, the HTIFx bit will not be set, and the TCIFx bit will be set when

the transfer is complete.

11.3.7. DMA request mapping

Table 11-3 Summary of DMA1 requests for each channel

Peripherals Channel 1 Channel 2 Channel 3
ADC ADC ADC ADC
Sp SPI_RX SPI_RX SPI_RX

SPI_TX SPI_TX SPI_TX
USART1_RX USART1_RX USART1_RX
USART USART1_TX USART1_TX USART1_TX
USART2_RX USART2_RX USART2_RX
USART2 TX USART2_TX USART2 TX
12C 12C_RX 12C_RX 12C_RX
12C_TX 12C_TX 12C_TX
TIM1_CH1 TIM1_CH1 TIM1_CH1
TIM1_CH2 TIM1_CH2 TIM1_CH2
TIM1_CH3 TIM1_CH3 TIM1_CH3
TIM1 TIM1_CH4 TIM1_CH4 TIM1_CH4
TIM1_UP TIM1_UP TIM1_UP
TIM1_TRIG TIM1_TRIG TIM1_TRIG
TIM1_COM TIM1 COM TIM1_COM
TIM3_CH1 TIM3_CH1 TIM3_CH1
TIM3_CH2 TIM3_CH2 TIM3_CH2
TIM3 TIM3_CH3 TIM3_CH3 TIM3_CH3
TIM3_CH4 TIM3_CH4 TIM3_CH4
TIM3_UP TIM3_UP TIM3_UP
TIM3_TRIG TIM3_TRIG TIM3_TRIG
TIM16 TIM16_CH1 TIM16_CH1 TIM16_CH1
TIM16_UP TIM16_UP TIM16_UP
TIM17 TIM17_CH1 TIM17_CH1 TIM17_CH1
TIM17 UP TIM17 UP TIM17 UP
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11.4. DMA registers

11.4.1. DMA interrupt status register (DMA_ISR)

Address offset: 0x00

Reset value: 0x0000 0000

31 | 30 | 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
Re | Re | Re | Re | Res Res Res | Res | Res Res Res | Res | Res Res Res | Res
S S S S
15 | 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re | Re | Re | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF | TEIF | HTIF | TCIF | GIF
S S S s 3 3 3 3 2 2 2 2 1 1 1 1
R R R R R R R R R R R R
Bit Name R/W Reset Function
Value
31:12 Reserved - - Reserved
Channel 3 transfer error flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
1 TEIF3 R 0 DMA_IFCR register.
0: No transfer error (TE) on channel 3 (TE)
1: A transfer error (TE) occurred on channel 3 (TE)
Channel 3 half transfer flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
10 HTIFS R ' DMA_IFCR register.
0: No half transfer (HT) event on channel 3
1: A half transfer (HT) event occurred on channel 3
Channel 3 transfer complete flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
9 TCIF3 R 0 DMA_IFCR register.
0: No transfer complete (TC) event on channel 3
1: A transfer complete (TC) event occurred on chan-
nel 3
Channel 3 global interrupt flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
8 GIRg R 0 DMA_IFCR register.
0: No TE, HT or TC event on channel 3
1: ATE, HT or TC event occurred on channel 3
Channel 2 transfer error flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
! 1872 R 0 DMA_IFCR register.
0: No transfer error (TE) on channel 2 (TE)
1: A transfer error (TE) occurred on channel 2 (TE)
Channel 2 half transfer flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
6 HTIF2 R 0 DMA_IFCR register.
0: No half transfer (HT) event on channel 2
1: A half transfer (HT) event occurred on channel 2
Channel 2 transfer complete flag
This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the
5 TCIF2 R 0 DMA_IFCR register.
0: No transfer complete (TC) event on channel 2
1: A transfer complete (TC) event occurred on chan-
nel 2
4 GIF2 R 0 Channel 2 global interrupt flag
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Bit

Name

R/W

Reset
Value

Function

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No TE, HT or TC event on channel 2

1: ATE, HT or TC event occurred on channel 2

TEIF1

Channel 1 transfer error flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No transfer error (TE) on channel 1 (TE)

1: A transfer error (TE) occurred on channel 1 (TE)

HTIF1

Channel 1 half transfer flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No half transfer (HT) event on channel 1

1: A half transfer (HT) event occurred on channel 1

TCIF1

Channel 1 transfer complete flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No transfer complete (TC) event on channel 1

1: A transfer complete (TC) event occurred on chan-
nel 1

GIF1

Channel 1 global interrupt flag

This bit is set by hardware. It is cleared by software
writing 1 to the corresponding bit in the

DMA_IFCR register.

0: No TE, HT or TC event on channel 1

1: ATE, HT or TC event occurred on channel 1

11.4.2. DMA interrupt flag clear register (DMA_IFCR)

Address offset: 0x04
Reset value: 0x0000 0000

31 [ 30 |29 | 28 | 27 26 25 24 23 22 21 20 19 18 17 16
Re | Re | Re | Re | Res Res Res Res Res Res Res Res Res Res Res Res
s S s S
15| 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
Re | Re | Re | Re | CTEIl | CHTI | CTCI | CGI | CTEl | CHTI | CTCI | CGI | CTEI | CHTI | CTCI | CGI
s S s S F3 F3 F3 F3 F2 F2 F2 F2 F1 F1 F1 F1
w w w w w w w w w w W w
Bit Name R/W Reset Value Function
31:12 Reserved - - Reserved
Channel 3 transfer error clear
This bit is set and cleared by software.
11 CTEIF3 w 0 0: No effect
1: Clears the corresponding TEIF flag in the
DMA_ISR register
Channel 3 half transfer clear
This bit is set and cleared by software.
10 CHTIF3 w 0 0: No effect
1: Clears the corresponding HTIF flag in the
DMA ISR register
Channel 3 transfer complete clear
This bit is set and cleared by software.
9 CTCIF3 w 0 0: No effect
1: Clears the corresponding TCIF flag in the
DMA_ISR register
Channel 3 global interrupt clear
8 CGIF3 w 0 This bit is set and cleared by software.
0: No effect
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Bit

Name

R/W

Reset Value

Function

1: Clears the GIF, TEIF, HTIF and TCIF flags in
the DMA ISR register

CTEIF2

Channel 2 transfer error clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TEIF flag in the
DMA ISR register

CHTIF2

Channel 2 half transfer clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding HTIF flag in the
DMA_ISR register

CTCIF2

Channel 2 transfer complete clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TCIF flag in the
DMA ISR register

CGIF2

Channel 2 global interrupt clear

This bit is set and cleared by software.

0: No effect

1: Clears the GIF, TEIF, HTIF and TCIF flags in
the DMA ISR register

CTEIF1

Channel 1 transfer error clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TEIF flag in the
DMA ISR register

CHTIF1

Channel 1 half transfer clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding HTIF flag in the
DMA ISR register

CTCIF1

Channel 1 transfer complete clear

This bit is set and cleared by software.

0: No effect

1: Clears the corresponding TCIF flag in the
DMA ISR register

CGIF1

Channel 1 global interrupt clear

This bit is set and cleared by software.

0: No effect

1: Clears the GIF, TEIF, HTIF and TCIF flags in
the DMA_ISR register

11.4.3. DMA channel 1 configuration register (DMA_CCR1)

Address offset: 0x08

Reset value: 0x0000 0000

31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Res Re | Re | Res | Res | Res | Re Res Res Res Re | Res | Res | Res | Re
S s S S S S
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCI | EN
S M C C C E E E
RW R |RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW
W
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 1 Memory to memory mode
14 MEM2MEM RW 0 This bit is set and cleared by s_oftware.
0: Memory to memory mode disabled
1: Memory to memory mode enabled
Channel 1 priority level
13:12 PL[1:0] RW 0 These bits are set and cleared by software.
00: Low

111/434



PY32F003 Reference Manual

Bit

Name

R/W

Reset Value

Function

01: Medium
10: High
11: Very high

11:10

MSIZE[1:0]

RW

Channel 1 Memory size

These bits are set and cleared by software.
00: 8-bits

01: 16-bits

10: 32-bits

11: Reserved

9:8

PSIZE[1:0]

RW

Channel 1 Peripheral size

These bits are set and cleared by software.
00: 8-bits

01: 16-bits

10: 32-bits

11: Reserved

MINC

RW

Channel 1 Memory increment mode
This bit is set and cleared by software.
0: Memory increment mode disabled
1: Memory increment mode enabled

PINC

RW

Channel 1 Peripheral increment mode
This bit is set and cleared by software.
0: Peripheral increment mode disabled
1: Peripheral increment mode enabled

CIRC

RW

Channel 1 Circular mode
This bit is set and cleared by software.
0: Circular mode disabled
1. Circular mode enabled

DIR

RW

Channel 1 Data transfer direction

This bit is set and cleared by software.
0: Read from peripheral

1: Read from memory

TEIE

RW

Channel 1 Transfer error interrupt enable
This bit is set and cleared by software.

0: TE interrupt disabled

1: TE interrupt enabled

HTIE

RW

Channel 1 Half transfer interrupt enable
This bit is set and cleared by software.
0: HT interrupt disabled

1: HT interrupt enabled

TCIE

RW

Channel 1 Transfer complete interrupt enable
This bit is set and cleared by software.

0: TC interrupt disabled

1: TC interrupt enabled

EN

RW

Channel 1 Channel enable
This bit is set and cleared by software.
0: Channel disabled

1: Channel enabled

11.4.4.

Address offset: 0x0C
Reset value: 0x0000 0000

DMA channel 1 number of data register (DMA_CNDTR1)

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

RW [RW [RW [RW [ RW | RW [RW [ RW [ RW [RW [RW [ RW | RW | RW [ RW | RW

Bit Name R/W Reset Value Function
31:16 Reserved - - Reserved
channel 1 Number of data to transfer
15:0 NDT[15:0] RW 0 Number of data to be transferred (0 up to

65535). This register can only be written when
the channel is disabled. Once the channel is en-
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R/W Function

abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be
served whether the channel is enabled or not.

Bit Name Reset Value

11.4.5. DMA channel 1 peripheral address register (DMA_CPAR1)

Address offset: 0x10
Reset value: 0x0000 0000

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

RWIRW|RW]|RW |RW |RW] RW | RW [RW [RW [RW | RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function
channel 1 Peripheral address
Base address of the peripheral data register
from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ig-
31:0 PA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.
When PSIZE is 10 (32-bit), PA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.6. DMA channel 1 memory address register (DMA_CMAR1)

Address offset: 0x14

Reset value: 0x0000 0000

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

RWIRW| RW]IRW |RW |[RW]| RW | RW [RW [RW [RW [ RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function
Channel 1 Memory address
Base address of the memory area from/to which
the data will be read/written.
When MSIZE is 01 (16-bit), the MA[O] bit is ig-
31:.0 MA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.
When MSIZE is 10 (32-bit), MA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.7. DMA channel 2 configuration register (DMA_CCR?2)

Address offset; 0x1C

Reset value: 0x0000 0000

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

Re

Res

Re
S

Re
S

Res

Res

Res

Re

Res

Res

Res

Re

Res

Res

Res

Re
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15 14 131211 J10] 9 | 8 7 6 5 4 3 2 1 0
Re | MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCI | EN
S M C C C E E E
RW RW]|RW | RW [RW [ RW | RW [ RW RW RW |RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 2 set and cleared by software.
14 MEM2MEM RW 0 0: Memory to memory mode disabled
1: Memory to memory mode enabled
Channel 2 priority level
These bits are set and cleared by software.
. 00: Low
1312 PL[1:0] RW 0 01> Medium
10: High
11: Very high
Channel 2 Memory size
These bits are set and cleared by software.
. . 00: 8-bits
11:10 MSIZE[1:0] RW 0 01 16-bits
10: 32-bits
11: Reserved
Channel 2 Peripheral size
These bits are set and cleared by software.
. . 00: 8-bits
9:8 PSIZE[1:0] RW 0 01 16-bits
10: 32-bits
11: Reserved
Channel 2 Memory increment mode
This bit is set and cleared by software.
7 MINC RW 0 0: Memory increment mode disabled
1: Memory increment mode enabled
Channel 2 Peripheral increment mode
This bit is set and cleared by software.
6 PINC RW g 0: Peripheral increment mode disabled
1: Peripheral increment mode enabled
Channel 2 Circular mode
This bit is set and cleared by software.
5 CIRC RW 0 0: Circular mode disabled
1: Circular mode enabled
Channel 2 Data transfer direction
4 DIR RW 0 T.hIS bit is set anq cleared by software.
0: Read from peripheral
1: Read from memory
Channel 2 Transfer error interrupt enable
This bit is set and cleared by software.
3 TEIE RW 0 0: TE interrupt disabled
1: TE interrupt enabled
Channel 2 Half transfer interrupt enable
This bit is set and cleared by software.
S 33 RW 0 0: HT interrupt disabled
1: HT interrupt enabled
Channel 2 Transfer complete interrupt enable
This bit is set and cleared by software.
L TCIE RW 0 0: TC interrupt disabled
1: TC interrupt enabled
Channel 2 Channel enable
This bit is set and cleared by software.
0 EN RW 0 0: Channel disabled
1: Channel enabled
11.4.8. DMA channel 2 number of data register (DMA_CNDTR?2)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res | Res
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15 14

13

12 11

10 9

8 7

6 5 4 3 2 1 0

NDT[15:0]

RW [RW [RW [RW [ RW [RW [RW | RW [RW [RW [ RW [ RW | RW | RW [ RW | RW

Bit

Name

R/W

Reset Value

Function

31:16

Reserved

Reserved

15:0

NDT[15:0]

RW

channel 2 Number of data to transfer

Number of data to be transferred (0 up to
65535). This register can only be written when
the channel is disabled. Once the channel is en-
abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be
served whether the channel is enabled or not.

11.4.9. DMA channel 2 peripheral address register (DMA_CPAR2)

Address offset: 0x24
Reset value: 0x0000 0000

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

RW [RW [ RW [ RW | RW | RW |

RW [ RW [RW [RW [RW | RW | RW |

RW [ RW [ RW

Bit

Name

R/W

Reset Value

Function

31:0

PA[31:0]

RW

channel 2 Peripheral address

Base address of the peripheral data register
from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ig-
nored. Access is automatically aligned to a half-
word address.

When PSIZE is 10 (32-bit), PA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.10. DMA channel 2 memory address register (DMA_CMAR2)

Address offset: 0x28

Reset value: 0x0000 0000

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

RW[RW | RW | RW [RW |[RW]| RW | RW [RW [RW [RW [ RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function
Channel 2 Memory address
Base address of the memory area from/to which
the data will be read/written.
When MSIZE is 01 (16-bit), the MA[O] bit is ig-
31:0 MA[31:0] RW 0 nored. Access is automatically aligned to a half-

word address.

When MSIZE is 10 (32-bit), MA[1:0] are ignored.
Access is automatically aligned to a word
address.
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11.4.11. DMA channel 3 configuration register (DMA_CCR3)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 | 28 27 26 25 24 23 22 21 20 19 18 17 16
Re Res Re | Re | Res | Res | Res | Re Res Res Res Re | Res | Res | Res | Re
s s s s s s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Re MEM2ME PL[1:0] MSIZE[1:0 | PSIZE[1:0 | MIN PIN CIR | DIR | TEI HTI TCl | EN

s M C C C E E E
RW R |RW | RW | RW | RW | RW | RW RW RW | RW | RW | RW | RW | RW
W
Bit Name R/W Reset Value Function
31:15 Reserved - - Reserved
Channel 3 set and cleared by software.
14 MEM2MEM RW 0 0: Memory to memory mode disabled
1: Memory to memory mode enabled
Channel 3 priority level
These bits are set and cleared by software.
00: Low
13:12 PL[1:0] RW 0 01: Medium
10: High
11: Very high
Channel 3 Memory size
These bits are set and cleared by software.
11:10 MSIZE[1:0] RW 0 80: SAbjs
01: 16-bits
10: 32-bits
11: Reserved
Channel 3 Peripheral size
These bits are set and cleared by software.
00: 8-bits
9:8 PSIZE[1:0] RW 0 01 16-bits
10: 32-bits
11: Reserved
Channel 3 Memory increment mode
This bit is set and cleared by software.
7 MINC R 0 0: Memory increment mode disabled
1: Memory increment mode enabled
Channel 3 Peripheral increment mode
This bit is set and cleared by software.
6 PING RW 0 0: Peripheral increment moc)ile disabled
1: Peripheral increment mode enabled
Channel 3 Circular mode
This bit is set and cleared by software.
5 & C RW 0 0: Circular mode disabled
1: Circular mode enabled
Channel 3 Data transfer direction
4 DIR RW 0 This bit is set anq cleared by software.
0: Read from peripheral
1: Read from memory
Channel 3 Transfer error interrupt enable
This bit is set and cleared by software.
3 TEIE RW 0 0: TE interrupt disabled
1: TE interrupt enabled
Channel 3 Half transfer interrupt enable
This bit is set and cleared by software.
2 HTIE RW 0 0: HT interrupt disabled
1: HT interrupt enabled
Channel 3 Transfer complete interrupt enable
This bit is set and cleared by software.
L TCIE RW 0 0: TC interrupt disabled g
1: TC interrupt enabled
0 EN RW 0 Channel 3 Channel enable
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Bit

Name

R/W

Reset Value

Function

This bit is set and cleared by software.
0: Channel disabled
1: Channel enabled

11.4.12. DMA channel 3 number of data register (DMA_CNDTR?3)

Address offset: 0x34
Reset value: 0x0000 0000

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

RW [RW [RW |[RW [ RW [RW [RW [ RW | RW [RW [ RW | RW | RW | RW [ RW | RW

Bit

Name

R/W

Reset Value

Function

31: 16

Reserved

Reserved

15:0

NDT[15:0]

RW

channel 3 Number of data to transfer

Number of data to be transferred (0 up to
65535). This register can only be written when
the channel is disabled. Once the channel is en-
abled, this register is read-only, indicating the re-
maining bytes to be transmitted. This register
decrements after each DMA transfer.

Once the transfer is completed, this register can
either stay at zero or be reloaded automatically
by the value previously programmed if the chan-
nel is configured in autoreload mode.

If this register is zero, no transaction can be
served whether the channel is enabled or not.

11.4.13. DMA channel 3 peripheral address register (DMA_CPAR3)

Address offset: 0x38

Reset value: 0x0000 0000

31 [ 30 [ 29 | 28 [ 27 [ 26 | 25 | 24 [ 23 [ 22 [ 212 ] 20 ] 19 | 18 | 17 | 16
PA[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 5 4 3 2 1 0
PA[15:0]

RWIRW| RW]IRW |[RW|RW]|] RW |RW [RW [RW [RW [ RW | RW | RW | RW | RW

Bit Name R/W Reset Value Function
channel 3 Peripheral address
Base address of the peripheral data register
from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[O] bit is ig-
31:.0 PA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.
When PSIZE is 10 (32-bit), PA[1:0] are ignored.
Access is automatically aligned to a word
address.

11.4.14. DMA channel 3 memory address register (DMA_CMARS3)

Address offset: 0x3C
Reset value: 0x0000 0000

31 [ 30 | 29 | 28 [ 27 | 26 | 25 | 24 | 23 [ 22 | 22 | 20 | 19 | 18 | 17 | 16
MA[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 5 4 3 2 1 0
MA[15:0]
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[RW [RW [RW [|RW [RW [RW | RW | RW |RW [RW [RW [RW [ RW | RW | RW | RW |

Bit Name R/W Reset Value Function

Channel 3 Memory address

Base address of the memory area from/to which
the data will be read/written.

When MSIZE is 01 (16-bit), the MA[O] bit is ig-
31.0 MA[31:0] RW 0 nored. Access is automatically aligned to a half-
word address.

When MSIZE is 10 (32-bit), MA[1:0] are ignored.
Access is automatically aligned to a word

address.
11.4.15. DMA register map
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