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1.List of abbreviations for register

Abbreviation

Descriptions

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)

The software can read this bit. Reading this bit automatically sets it to 1. Writing this bit does

not affect 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 (1)

Software can toggle this bit by writing ‘“1°. Writing ‘0’ 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 components:
B Two Masters

— Cortex-MO+

— Universal DMA
B Three Slaves

— Internal SRAM

— Internal Flash

— AHB with AHB-APB Bridge

GPIO Ports . N| Flashmemory |+ Flash
AB,C,F 3 interface — /| memory
ﬁ
o
o
o
o
SRAM
ARM
Cortex-M0O+  KSystem bus Bus matrix
core AHB-to-APB SYSCFG,
AHB . APB ADC,DAC1,DAC2
bridge COMP1,COMP2,COMP3,
TIM1,TIM2,TIM3,
TIM14,TIM15,TIM16,TIM17
TIM6,TIM7,
DMA DMA bus i
Channels 1 to7 4_’ 'VLDT%WSF'
12C1,12C2,
t <> EXTI

USART1, USART2,
USART3,USART4,

<> SPI1/SPI2,1251,12S2,
USB,CAN,
N LCD,0PAL,0PA2,0PA3,

DIV
DBGMCU

£

Figure 3-1 System Architecture

B CPU system bus
This bus connects the Cortex-M0+ system bus to the bus matrix.
B DMA bus

This bus connects the DMA's AHB master interface to the bus matrix, which manages peripheral ac-
cesses to SRAM, Flash memory, and AHB/APB by the CPU and DMA.

B Bus Matrix

The bus matrix manages access arbitration between the CPU bus and the DMA bus. This arbitration
uses the Round Robin algorithm. The bus matrix consists of Master (CPU, DMA) and Slaves (Flash
Memory, SRAM and AHB-to-APB bridge).

B AHB-to-APB Bridge (APB)
The AHB-to-APB bridge provides a synchronous connection between the AHB and APB buses, with

the bridge's peripheral address mapping reference.Table 3-2 Peripheral register addresses
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3.2.

3.2.1.

Memory structure

Memory Structure Introduction

Program memory, data memory, registers and 10 ports are uniformly addressed in a linear 4 GB

space. The address is encoded as a little-end code (the lowest byte in a word is allocated at the low-

est address).

The entire addressing space is divided into eight 512 MB Block areas.

OXFFFF FFFF

Block 7
0xE010 0000

0xEO000 0000

Block 6

0xC000 0000

Block 5

0xA000 0000

Block 4

0x8000 0000

Block 3

0x6000 0000

Block 2

0x4000 0000

Block 1
0x2000 4000

0x2000 0000

Block 0

0x0000 0000

ARM Cortex MO+
Internal periphrals

User space

Reserved space

IOPORT

AHB

APB

APB

Periphrals

Reserved

Factory config. bytes

Option bytes

SRAM

uiD

Code

System memory

Main flash

Addressable space

Main flash/
System flash/
SRAM

0x5001 1FFF

0x5000 0000

0x4002 63FF

0x4002 0000

0x4001 5BFF

0x4001 0000

0x4000 A7FF

0x4000 0000

OXLFFF FFFF

Ox1FFF 3300
Ox1FFF 3200
Ox1FFF 3100

Ox1FFF 3000

Ox1FFF 0000
0x0801 FFFF

0x0800 0000
0x0001 FFFF

0x0000 0000

Figure 3-2 Memory mapping
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Table 3-1 Memory address

Type Boundary address Size Memory area Description
0x2000 4000-0x3FFF FFFF - Reserved® -
SRAM | 0x2000 0000-0x2000 3FFF 16 KB SRAM Up to 16 KB SRAM
Ox1FFF 3300-0x1FFF FFFF > Reserved =
Ox1FFF 3200-0x1FFF 32FF 256 Bytes FT infoO bytes Factory config.bytes
Ox1FFF 3100-0x1FFF 31FF 256 Bytes Option bytes Option bytes information
Ox1FFF 3000-0Ox1FFF 30FF 256 Bytes UID bytes Unique ID
Ox1FFF 0000-Ox1FFF 2FFF 12 KB System memory Boot loader
0x0802 0000-0x1FFE FFFF - Reserved -
Code 0x0800 0000-0x0801 FFFF 128 KB Main flash memory -
0x0002 0000-0x07FF FFFF - Reserved -
Selected based on Boot
configuration:
0x0000 0000-0x0001 FFFF 128 KB 1.Main flash memory -
2.System memory
3.SRAM
Table 3-2 Peripheral register addresses
computer bus Address range Quantitative (science) Peripherals
O0xE000 0000-0xEQOF FFFF - MO+
0x5000 1800-0x5FFF FFFF - Res
0x5000 1400-0x5000 17FF 1 KB GPIOF
0x5000 1000-0x5000 13FF - Res
IOPORT 0x5000 0C00-0x5000 OFFF - Res
0x5000 0800-0x5000 OBFF 1 KB GPIOC
0x5000 0400-0x5000 O7FF 1 KB GPIOB
0x5000 0000-0x5000 03FF 1 KB GPIOA
0x4002 4000-0x4FFF FFFF - Res
0x4002 3c00-0x4002 3fff - Res
0x4002 3800-0x4002 3BFF 1 KB DIV
0x4002 3400-0x4002 37FF - Res
AHB
0x4002 3000-0x4002 33FF 1 KB CRC
0x4002 2400-0x4002 2FFF - Res
0x4002 2000-0x4002 23FF 1 KB Flash
0x4002 1c00-0x4002 1fff - Res
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computer bus Address range Quantitative (science) Peripherals
0x4002 1800-0x4002 1BFF 1KB EXTI
0x4002 1400-0x4002 17FF 1 KB Res
0x4002 1000-0x4002 13FF 1KB RCC
0x4002 0400-0x4002 OFFF - Res
0x4002 0000-0x4002 03FF 1KB DMA
0x4001 5c00 - 0x4001 ffff - Res
0x4001 5800 - 0x4001 5BFF 1KB DBG
0x4001 4C00 - 0x4001 57FF - Res
0x4001 4800 - 0x4001 4BFF 1KB TIM17
0x4001 4400 - 0x4001 47FF 1 KB TIM16
0x4001 4000 - 0x4001 43FF 1KB TIM15
0x4001 3C00 - 0x4001 3FFF - Res
0x4001 3800 - 0x4001 3BFF 1KB USART1
0x4001 3400 - 0x4001 37FF 1 KB Res
0x4001 3000 - 0x4001 33FF 1 KB SPI1/12S1
0x4001 2C00 - 0x4001 2FFF 1 KB TIM1
0x4001 2800 - 0x4001 2BFF - Res
0x4001 2400 - 0x4001 27FF 1 KB ADC
0x4001 0400 - 0x4001 23FF - Res

APB

0x4001 0300 - 0x4001 03FF OPA
0x4001 0200 - 0x4001 02FF 1 KB COMP
0x4001 0000 - 0x4001 O1FF SYSCFG
0x4000 8000- 0x4000 FFFF - Res
0x4000 7CO00 - 0x4000 7FFF 1 KB LPTIM1
0x4000 7800 - 0x4000 7BFF - Res
0x4000 7400 - 0x4000 77FF 1 KB DAC
0x4000 7000 - 0x4000 73FF 1 KB PWR
0x4000 6CO00 - 0x4000 6FFF 1 KB CTC
0x4000 6800 - 0x4000 6BFF - Res
0x4000 6400 - 0x4000 67FF 1 KB CAN
0x4000 6000 - 0x4000 63FF 1 KB USB SRAM
0x4000 5CO00 - 0x4000 5FFF 1 KB USB
0x4000 5800 - 0x4000 5BFF 1 KB 12C2
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computer bus Address range Quantitative (science) Peripherals
0x4000 5400 - 0x4000 57FF 1KB 12C1
0x4000 5000 - 0x4000 53FF - Res
0x4000 4CO00 - 0x4000 4FFF 1KB USART4
0x4000 4800 - 0x4000 4BFF 1 KB USART3
0x4000 4400 - 0x4000 47FF 1KB USART2
0x4000 3C00 - 0x4000 43FF 2 KB Res
0x4000 3800 - 0x4000 3BFF 1KB SPI2/12S2
0x4000 3400 - 0x4000 37FF - Res
0x4000 3000 - 0x4000 33FF 1KB IWDG
0x4000 2C00 - 0x4000 2FFF 1KB WWDG
0x4000 2800 - 0x4000 2BFF 1KB RTC
0x4000 2400 - 0x4000 27FF 1KB LCD
0x4000 2000 - 0x4000 23FF 1 KB TIM14
0x4000 1800 - 0x4000 1FFF - Res
0x4000 1400 - 0x4000 17FF 1KB TIM7
0x4000 1000 - 0x4000 13FF 1KB TIM6
0x4000 0800 - 0x4000 OFFF - Res
0x4000 0400 - 0x4000 07FF 1KB TIM3
0x4000 0000 - 0x4000 03FF 1 KB TIM2

3.3. Embedded SRAM

Up to 16 KB of SRAM is integrated on-chip. The SRAM can be accessed by means of bytes, half

words (16bit) or full words (32bit). Hard faults are generated by software read and write operations to

spaces outside the set range.

Flash memory consists of two distinct physical areas:

B Main flash area, 128 KB, which contains application and user data. Software access to space

outside the set range generates a Hard fault.

B Information area, 14 KB, which includes the following sections:

FT infoO Bytes: 256 Bytes for TS DATA, HSI Clock Re-trimming Data

Option bytes: 256 Bytes, used to store the configuration information of chip hardware and
software Option

UID: 256 Bytes, used to store the UID of the chip

System memory: 11.75 KB for the boot loader.

Flash controller implements instruction reading and data access based on AHB protocol, it also im-

plements basic Program/Erase and other operations of Flash through registers.
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3.4.

Boot mode

With the BOOTO pin and the boot configuration bit nBOOT1 (stored in the option byte), three differ-
ent boot modes can be selected, as shown in the table below:

Table 3-3 Boot configuration

Boot mode configuration

nBOOT1 bit BOOTO pin

Mode

X 0 Select Main flash as boot sector

1 1 Select System memory as boot sector

0 1 Select SRAM as boot sector

3.4.1.

3.4.2.

After this Startup delay, the CPU fetches the value of the top of the stack from address 0x0000 0000

and then begins executing instructions from address 0x0000 0004 in startup memory. Depending on

the selected boot mode, Main flash, System memory, or SRAM is accessed as follows:

B Boot from main flash: Main flash is aligned with 0x0000 0000 of the boot memory space, but
can still be accessed in its original memory space (0x0800 0000). That is, Flash space can be
accessed from address 0x0000 0000 or 0x0800 0000.

B Boot from system memory: System memory is aligned in boot memory space 0x0000 0000, but
can still be accessed from its original address space Ox1FFF 0000.

B Boot from SRAM: SRAM is aligned at 0x0000 0000 in the boot memory space, but can still be
accessed at address 0x2000 0000.

Memory physical image

After selecting the startup mode, the application software can modify the memory that can be ac-
cessed in the program space. This modification is determined by the selection of the MEM_MODE
bit in the SYSCFG_CFGR1 register (see the SYSCFG chapter for details).

Embedded bootstrap program

The bootloader is written during the production phase of the chip and is stored in system memory. It
is used to re-write the Flash memory using the following serial interface:

B USART1, PA9/PA10

B USB, PA11/PA12
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4. Embedded Flash

4.1. Flash memory main features

B Main flash block: up to 128 KB

B [nformation block: 14 KB

B Page size: 256 Bytes

B Sector size: 8 KB

The main features of the flash control interface circuit are as follows:

Flash Write and Erase

read protection

write-protected

Programming Operations for Option Bytes

4.2. Introduction to Flash memory functions

4.2.1. Flash memory architecture

Flash memory consists of 64-bit wide memory cells that can be used as program and data storage

with a Page size of 256 Bytes and a Sector size of 8 KB.

Functionally, Flash memory is divided into Main flash, which has a maximum capacity of 128 KB,

and Information flash, which has a capacity of 14 KB.

Table 4-1 Flash memory structure and boundary addresses

Block Sector Sector Page Base address Size

Sector 0 Page 0-31 0x0800 0000-0x0800 1FFF 8 KB

Sector 1 Page 32-63 0x0800 2000-0x0800 3FFF 8 KB

Sector 2 Page 64-95 0x0800 4000-0x0800 5FFF 8 KB

Main flash

Sector 14 Page 448-479 0x0801 c000-0x0801 dfff 8 KB

Sector 15 Page 480-511 0x0801 e000-0x0801 ffff 8 KB
System flash Page 0-46 Ox1FFF 0000-Ox1FFF 2EFF 11.75 KB
Res Page 47 Ox1FFF 2F00-Ox1FFF 2FFF 256 Bytes
uiD Page 48 Ox1FFF 3000-0x1FFF 30FF 256 Bytes
Option bytes INFO Page 49 OX1FFF 3100-0x1FFF 31FF 256 Bytes
FT info0 Page 50 Ox1FFF 3200-0x1FFF 32FF 256 Bytes
Res Page 51-55 Ox1FFF 3300-0x1FFF 37FF 1280 Bytes

4.2.2. Flash read operations and access latency

Flash can be used as a general-purpose memory space that can be accessed by direct addressing.

The contents of the Flash memory can be read by a specialized read control timing. Finger picking
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4.2.3.

4.2.3.1.

and data access are performed over the AHB bus. Read operations can be controlled by the Latency

bit of the FLASH_ACR register, i.e., reading Flash adds a wait state or not.

FLASH_ACR (LATENCY) bit, when 0, does not increase the wait state for Flash read operations.
When 1, the Flash read operation adds 1 wait state. When it is 2, the Flash read operation adds 3
wait states This mechanism is specially designed to match the high speed system clock with the rel-

atively low Flash read speed.

Flash Write and Erase Operations

Program operations can be performed on the Flash through circuit programming (ICP, In-circuit pro-

gramming) or application programming (IAP, In-application programming).

ICP: Used to update the contents of the entire Flash memory, either using the SWD protocol
or the system loader (Boot loader) to load the user application into the MCU. ICP provides fast

and efficient design iterations, avoiding unnecessary packaging and tube socketing.

IAP: You can use the communication interface supported by the chip to download the data to
be Programmed into the Flash. IAP allows the user to Program flash memory again while the ap-
plication is running. Then, at this point, part of the application program that was previously pro-
grammed in using ICP is already in the Flash memory.

If a reset occurs during a flash write and erase operation, the contents of the flash memory are un-
protected.

Any operation that reads the flash memory blocks the bus during flash write and erase operations.
Once the write or erase operation is finished, the read operation can be performed correctly. This
also means that code and data reads cannot be performed while write and erase operations are in
progress.

For write and erase operations, HSI must be turned on.

Flash memory unlock

After a reset, Flash memory is protected against unintended (e.g., caused by electrical interference)
write and erase operations. Writing the FLASH_CR register is not allowed (except for the
OBL_LAUNCH bit used as the reload option byte). Each write and erase operation to Flash must en-
able access to the FLASH_CR register by writing to the FLASH_KEYR register, generating Unlock
timing.

The specific steps are as follows:

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

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

Any incorrect timing will latch the FLASH_CR register until the next reset. At incorrect KEY timing,
bus errors are detected and Hard fault interrupts are generated. Such errors include a KEY1 mis-
match on the first write cycle, or a KEY1 match but a KEY2 mismatch on the second write cycle.

The FLASH_CR register can be locked again by writing the LOCK bit of the FLASH_CR register in

software.
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4.2.3.2.

4.2.3.3.

Also, the FLASH_CR register cannot be written when the BSY bit of the FLASH_SR register is set.
At this point, any attempt to perform a write to this register (FLASH_CR) causes the AHB bus to
block until the BSY bit is cleared.

Flash Write

The Flash memory performs Program operations on the entire page in 32 bits word units at a time
(half word or byte operations generate Hard faults). Program operation starts when the PG bit of the
FLASH_CR register is set and the CPU writes 32 bist data to the Flash memory address space. Any

write that is not 32 bits will result in a Hard fault interrupt.

If the Flash address space to be Programmed is an area set to protected by the FLASH_WRPR reg-
ister, the Program operation is ignored and the FLASH_SR register WRPERR bit is set. The EOP bit
of the FLASH_SR register is set after the Program operation.

The procedure of the specific Flash program is shown below:

1. Check the BSY bit of the FLASH_SR register to determine if there are currently no Flash opera-
tions being continued

2. If there is no Flash erase or Program operation in progress, the software reads out the 64 Word
of the Page (this step is performed if the Page already has data stored in it, otherwise it is
skipped).

3. Write KEY1 and KEY2 sequentially to the FLASH_KEYR register to unprotect the FLASH_CR
register

4. Setting the PG bit and the EOPIE bit of the FLASH_CR register

o

Program operation of the 1st to 63rd Word to the destination address (only 32 bits Programs are
accepted)

Setting PGSTRT of the FLASH_CR register

Write the 64th Word

Wait for the BSY bit of the FLASH_SR register to be cleared to zero

Check the EOP flag bit of the FLASH_SR register (which is set when the Program operation has

© © N o

been successful), then software clears this bit
10. If there are no more Program operations, the software clears the PG bit
When step 7 above is successfully executed, the Program operation is automatically initiated while
the BSY bit is set by hardware.

Flash erase operation

Flash memory can be erased on a page-by-page basis, or by performing Sector erase and Mass
erase.

Page Erase

When a page is protected by WRP, it is not erased, at which time the WRPERR bit is set. When
page erasure is to be performed, perform the following steps:

1. Checkthe FLASH_SR register BSY bit to confirm that there are no Flash operations in progress
2. Write KEY1 and KEY2 sequentially to the FLASH_KEYR register to unprotect the FLASH_CR

register
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Setting the PER bit and the EOPIE bit of the FLASH_CR register
Write arbitrary data to this Page (must be 32 bits of data)

Wait for the BSY bit to be cleared

Check that the EOP flag bit is set

Clear the EOP flag

N o o M w

chip erase

Chip Erase is used to erase the entire Main flash. In addition, when WRP is enabled, the chip erase

function is disabled, no chip erase operation is generated, and the WRPERR bit is set.

The steps for sheet erasure are as follows:
Check the BSY bit to verify that there are no Flash operations in progress
Write KEY1 and KEY2 to FLASH_KEYR to unprotect the FLASH_CR register.
Set the MER bit and the EOPIE bit of the FLASH_CR register.

Wait for the BSY bit to be cleared
Check that the EOP flag bit is set

1
2
3
4. Write arbitrary data (32 bits of data) to any Main flash space in Flash.
5
6
7. Clearthe EOP flag

Sector Erase

Sector Erase is used to perform an erase operation on an 8 KB Main flash. Also, when a sector is
protected by WRP, it is not erased, at which point the WRPERR bit is set.

The steps for sector erase are as follows:

B Check the BSY bit to verify that there are no Flash operations in progress

B Write KEY1 and KEY2 sequentially to FLASH_KEYR register to unprotect the FLASH_CR regis-
ter.

Setting the SER bit and the EOPIE bit of the FLASH_CR register

Write arbitrary data to this Sector

Wait for the BSY bit to be cleared

Check that the EOP flag bit is set

Clear the EOP flag

4.2.3.4. Write and Erase Time Configuration

The Program and Erase times of Flash need to be strictly controlled, otherwise the operation will fail.
By power-up default, the hardware design sets the time parameter for Program and Erase operations
to a parameter of 24 MHz for HSI. When the HSI output frequency is changed, the Flash program
and erase time control registers need to be configured correctly according to the table below.

Table 4-2 Write and Erase Time Configuration

Processor register 4 MHz 8 MHz 16 MHz 22.12 MHz 24 MHz
TSO Ox1E 0x3C 0x78 OxA6 0xB4
TS1 0x48 0x90 0x120 0x18F 0x1B0
TS2P Ox1E 0x3C 0x78 OxA6 0xB4
TPS3 0x120 0x240 0x480 0x639 0x6CO0
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TS3 Ox1E 0x3C 0x78 OxA6 0xB4
PERTPE 0x36B0 0x6D60 O0XDACO 0x12E6C 0x14820
SMERTPE 0x36B0 0x6D60 O0XDACO 0x12E6C 0x14820
PRGTPE O0XFAO 0x1F40 0x3E80 0x5668 0x5DCO
PRETPE 0x320 0x640 0xC80 0x1148 0x12CO0

4.3. Flash Option Bytes

4.3.1. Flash option word

A portion of the Information area of the on-chip Flash is used as an option byte to store hardware

configurations required by the chip or by the user for the application. For example, the watchdog can

be selected to be in hardware or software mode.

For data security, option bytes are stored separately in body and reverse code.
Table 4-3 Option Byte Format

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Inverse code of option byte 1 Inverse of option byte 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Option byte 1 Option byte 0

The contents of the option byte can be read from the memory address described in the table Option

Byte Structure or from the registers associated with the option byte below:

B Flash Options Register (FLASH_OPTR)

B Flash BORCR Address Register (FLASH_BORCR)
B Flash WRP Address Register (FLASH_WRPR)
Table 4-4 Option Byte Structure

Word address

descriptive

Ox1FFF 3100

Flash user option bytes and their complements

Ox1FFF 3108

Option bytes for BOR control and its complement

Ox1FFF 3110

Res

Ox1FFF 3118

Option byte for Flash WRP address and its complement

Ox1FFF 3120 Res
Ox1FFF 3128 Res
Res
Res
Res
Ox1FFF 31F8 Res
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4.3.1.1. Option bytes for Flash user options and their complements
Flash memory address: 0x1FFF 3100
Production value: 0x2755 D8AA
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the op-

tion byte area of the Flash information memory and written to the corresponding option bit of this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
~IWDG_STOP ~nBOOT1 ~NRST_MODE ~WWDG_SW ~ IWDG_SW Res Res Res ~RDP [7:0]
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 8! 2 1 0
IWDG_STOP nBOOT1 NRST_MODE WWDG_SW IWDG_SW Res Res Res RDP [7:0]
R R R R R - - - R R R R R R R R
Bit Name R/W Function
31 ~IWDG_STOP R Inverse code of IWDG_STOP
30 ~nBOOT1 R Inverse code of nBOOT1
29 ~NRST_MODE R Inverse code of NRST_MODE
28 ~WWDG_SW R Inverse code of WWDG_SW
27 ~IWDG_SW R Inverse code of IWDG_SW
26:24 Res - Res
23:16 ~RDP R RDP inverse code
Setting the IWDG timer operation state in stop mode
15 IWDG_STOP R 0: Freeze timer
1: Normal operation
14 nBOOT1 R Together with the BOOT PIN, selects the chip boot mode
0: Reset input only
13 NRST_MODE R
1: GPIO function
0: Hardware Watchdog
12 WWDG_SW R
1: Software Watchdog
0: Hardware Watchdog
11 IWDG_SW R
1: Software Watchdog
10: 8 Res - Res
OxAA: Level 0, invalid read protection
7: 0 RDP R
Non-OxAA: Level 1, read protection active

4.3.1.2. Option bytes for BOR control and its complement
Flash memory address: Ox1FFF 3108
Production value: OxFFEO 0000
After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the op-

tion byte area of the Flash information memory and written to the corresponding option bit of this register.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
~BOR_LEV[2:0] Res | Res | Res | Res | Res | Res | Res ~BOR_EN Res | Res | Res | Res | Res
R R -
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
BOR_LEV[2:0] Res | Res | Res | Res | Res | Res | Res BOR_EN Res | Res | Res | Res | Res
R R -
Bit Name R/W Function
31: 29 ~BOR_LEV[2:0] R Inverse code of BOR_LEV[2:0]
28: 22 Res - Res
21 ~BOR_EN R Inverse code of BOR_EN
20: 16 Res - Res
000: BOR rising threshold of 1.8 V, falling threshold of 1.7 V
001: BOR rising threshold of 2.0 V, falling threshold of 1.9 V
010: BOR rising threshold of 2.2 V, falling threshold of 2.1 V
011: BOR rising threshold of 2.4 V, falling threshold of 2.3 V
15: 13 BOR_LEV[2:0] R
100: BOR rising threshold of 2.6 V, falling threshold of 2.5 V
101: BOR rising threshold of 2.8 V, falling threshold of 2.7 V
110: BOR rising threshold of 3.0 V, falling threshold of 2.9 V
111: BOR rising threshold of 3.2 V, falling threshold of 3.1 V
12: 6 Res - Res
BOR Enable
5 BOR_EN R 0: BOR not enabled
1: BOR enabled, BOR_LEV active
4: 0 Res - Res

4.3.1.3. Option byte for Flash WRP address and its complement

Flash memory address: Ox1FFF 3118
Production value: 0x0000 FFFF

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

tion byte 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
~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]

R R R R R R R R R R R R R R R R

Bit Name R/W Function
31: 16 ~WRP R Inverse code for WRP
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Bit Name R/W Function
0: Sector[y] is protected
15: 0 WRP R 1: Sector[y] unprotected
y=0~15
4.3.2. 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 relevant operation is per-
formed on the option byte.
The following steps are used to unlock this register:
1. Unlock FLASH_CR register write protection via Unlock timing
2. To FLASH_OPTKEYR register, write OPTKEY1=0x0819 2A3B
3. To FLASH_OPTKEYR register, write OPTKEY2=0x4C5D 6E7F
Any incorrect timing will Lock the FLASH_CR register until the next reset. At the wrong KEY timing,
the bus error is detected and a Hard fault interrupt is generated.
User options (option bytes of Information flash) can be protected against unwanted erase/Program
operations by software writing the OPTLOCK bit of the FLASH_CR register.
If the software sets the Lock bit, the OPTLOCK bit is also automatically set.
4.3.2.1. Modify user option bytes
The write operation (Program) of the option byte is not the same as the operation on the Main flash.
In order to modify the option byte, the following steps are required:
B Clear the OPTLOCK bit using the steps previously described
B Check the BSY bit to make sure there are no Flash operations in progress
B Write desired value to option byte register FLASH_OPTR/FLASH_BORCR/FLASH_WRPR (1 to
3 words)
B Setting the OPTSTRT bit
B Write any 32 bit data to Main flash 0x4002 2080 address (triggers a formal write operation)
B Wait for the BSY bit to be cleared
B Waiting for EOP to pull up
B Software Zero EOP
Any change to the option byte, the hardware first erases the entire page corresponding to the option
byte, and then writes to the option byte using the value of the FLASH_OPTR, FLASH_BORCR, or
FLASH_ WRPR registers. And, the hardware automatically calculates the corresponding complement
and writes the calculated value to the corresponding area of the option byte.
4.3.2.2. Reload option bytes

After the BSY bit is cleared, all new option bytes are written to Flash information memory, but not

applied to the chip system. A read operation of the option byte register still returns the value in the
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4.4,

option byte that was last loaded. Only when they (the new values) are loaded do they work on the

chip system.

Option bytes are loaded in the following two cases:

1. When the OBL_LAUNCH bit in the FLASH_CR register is set
2.  After power-on reset (POR, BOR)

The operation performed by the "load option byte" is to read the option byte in the information
memory area and store the read data in the internal option registers (FLASH_OPTR,
FLASH_BORCR, and FLASH_WRPR). These internal registers configure the system and can be
read by software. Setting the OBL_LAUNCH bit generates a reset so that the option byte can be

loaded with the system reset.

Each Option bit has a corresponding complement at its identical double-word address (the next half-
word). During option byte loading, the Option bit and its complement are verified, which ensures that

the loading was done correctly.
If the positive complement matches, the option byte is copied into the option register.

If the positive complements do not match, the OPTVERR status bit of the FLASH_SR register is set.
Unmatched bits are written to the following values:

For the User option

BOR_LEV written as 000 (lowest threshold)

BOR_EN bit written to 0 (BOR not enabled)

NRST_MODE bit written to O (reset input only)

The RDP bit is written as Oxff (i.e. level 1)

The rest of the unmatched values are written as 1

For the WRP option, the unmatched value is the default value "unprotected".

After a system reset, the contents of the option byte are copied to the following option register (soft-
ware readable and writable):

B FLASH_OPTR

B FLASH_BORCR

B FLASH_WRPR

These registers are also used to modify the option byte. If these registers are not modified by the

user, they reflect the state of the system Option.

Flash configuration byte

A portion of the interval (1 page in total) of the Information area of the Flash within the chip is used

as FT infoO.

Page 0 stores information for software to read (positive code only, no reverse code stored):

B HSI Frequency Selection Control Value, and Corresponding Trimming Value

B Configuration parameter values for erasure times corresponding to different frequencies of the
HSI

39/755



PY32F07X Reference Manual

Table 4-5 FT infoO Configuration

Page Word Address Contents

Stores the HSI 4 MHz frequency selection control and the corresponding Trim-
0 Ox1FFF 3200

ming value

Stores the HSI 8 MHz frequency selection control and corresponding Trimming
1 Ox1FFF 3208

value

Stores the HSI 16 MHz frequency selection control and corresponding Trimming
2 Ox1FFF 3210

value

Stores the HSI 22.12 MHz frequency selection control and corresponding Trim-
3 Ox1FFF 3218

ming value

Stores the HSI 24 MHz frequency selection control and corresponding Trimming
4 Ox1FFF 3220

value
5 Ox1FFF 3228 TS_CAL1, 30 °C temperature sensor calibration value
6 Ox1FFF 3230 TS_CAL2, 105 °C temperature sensor calibration value

Stores the configuration values of the corresponding FLASH_TSO, FLASH_TS1
7 Ox1FFF 3238

registers at the HSI 4 MHz frequency

Stores the configuration values of the corresponding FLASH_TS2P,
8 Ox1FFF 3240

FLASH_TPS3 registers at the HSI 4 MHz frequency

Stores the configuration value of the FLASH_PERTPE register corresponding to
9 Ox1FFF 3248

the HSI 4 MHz frequency

0

Stores the configuration value of the FLASH_SMERTPE register corresponding
10 Ox1FFF 3250

to the HSI 4 MHz frequency

Stores the configuration values of the FLASH_PRGTPE, FLASH_PRETPE reg-
11 Ox1FFF 3258

isters corresponding to the HSI 4 MHz frequency

Stores the configuration values of the corresponding FLASH_TSO, FLASH_TS1
12 Ox1FFF 3260

registers at the HSI 8 MHz frequency

Stores the configuration values of the corresponding FLASH_TS2P,
13 Ox1FFF 3268

FLASH_TPS3 registers at the HSI 8 MHz frequency

Stores the configuration value of the FLASH_PERTPE register corresponding to
14 Ox1FFF 3270

the HSI 8 MHz frequency

Stores the configuration value of the FLASH_SMERTPE register corresponding
15 Ox1FFF 3278

to the HSI 8 MHz frequency

Stores the configuration values of the FLASH_PRGTPE, FLASH_PRETPE reg-
16 Ox1FFF 3280

isters corresponding to the HSI 8 MHz frequency

Stores the configuration values of the corresponding FLASH_TSO0, FLASH_TS1
17 Ox1FFF 3288

registers at the HSI 16 MHz frequency

Stores the configuration values of the corresponding FLASH_TS2P,
18 Ox1FFF 3290

FLASH_TPS3 registers at the HSI 16 MHz frequency
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Stores the configuration value of the FLASH_PERTPE register corresponding to

19 Ox1FFF 3298

the HSI 16 MHz frequency

Stores the configuration value of the FLASH_SMERTPE register corresponding
20 Ox1FFF 32A0

to the HSI 16 MHz frequency

Stores the configuration values of the FLASH_PRGTPE, FLASH_PRETPE reg-
21 Ox1FFF 32A8

isters corresponding to the HSI 16 MHz frequency

Stores the configuration values of the corresponding FLASH_TSO0, FLASH_TS1
22 Ox1FFF 32B0

registers at the HSI 22.12 MHz frequency

Stores the configuration values of the corresponding FLASH_TS2P,
23 Ox1FFF 32B8

FLASH_TPS3 registers at the HSI 22.12 MHz frequency

Stores the configuration value of the FLASH_PERTPE register corresponding to
24 Ox1FFF 32C0

the HSI 22.12 MHz frequency

Stores the configuration value of the FLASH_SMERTPE register corresponding
25 Ox1FFF 32C8

to the HSI 22.12 MHz frequency

Stores the configuration values of the FLASH_PRGTPE, FLASH_PRETPE reg-
26 Ox1FFF 32D0

isters corresponding to the HSI 22.12 MHz frequency

Stores the configuration values of the corresponding FLASH_TSO, FLASH_TS1
27 Ox1FFF 32D8

registers at the HSI 24 MHz frequency

Stores the configuration values of the corresponding FLASH_TS2P,
28 Ox1FFF 32E0

FLASH_TPS3 registers at the HSI 24 MHz frequency

Stores the configuration value of the FLASH_PERTPE register corresponding to
29 Ox1FFF 32E8

the HSI 24 MHz frequency

Stores the configuration value of the FLASH_SMERTPE register corresponding
30 Ox1FFF 32F0

to the HSI 24 MHz frequency

Stores the configuration values of the FLASH_PRGTPE and FLASH_PRETPE
31 Ox1FFF 32F8

registers corresponding to the HSI 24 MHz frequency.

4.4.1. HSI TRIMMING FOR USER

Address: Ox1FFF 3200 ~ Ox1FFF 3220

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 R R R R R R R R R R R R

The software needs to read data from this address and write it to the RCC_ICSCR registers corre-
sponding to HSI_FS[2:0] and HSI_TRIM[12:0] for HSI frequency change.
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4.4.2. Calibration values for temperature sensors

Address: Ox1FFF 3228 (30 °C), Ox1FFF 3230 (105 °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 TSCAL [11:0]

- - - - R

The software needs to read data from this address.

4.4.3. HSI 4M/8M/16M/22.12M/24M_EPPARAO

Address: Ox1FFF 3238 (4 MHz), Ox1FFF 3260 (8 MHz), Ox1FFF 3288 (16 MHz), OX1FFF 32B0 (22.12 MHz),
Ox1FFF 32D8 (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] TSO[7: 0]

R R R R R R R R R R R R R R R R

The software needs to choose to read data from the corresponding address according to the HSI
clock frequency that needs to be set, and then write it to the FLASH_TSO0, FLASH_TS1, and

FLASH_TSS registers in order to realize the configuration of the erase and write time required for the
corresponding HSI frequency.

4.4.4. HSI 4M/8M/16M/22.12M/24M _EPPARA1

Address: Ox1FFF 3240 (4 MHz), Ox1FFF 3268 (8 MHz), Ox1FFF 3290 (16 MHz), OX1FFF 32B8 (22.12 MHz),
Ox1FFF 32E0 (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 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]
- - - - - - - - R R R R R R R R

The software needs to choose to read data from the corresponding address according to the HSI
clock frequency that needs to be set, and then write it to the FLASH_TS2P and FLASH_TPS3 regis-

ters in order to realize the configuration of the erase and write time required for the corresponding
HSI frequency.

42/755



PY32F07X Reference Manual

4.4.5. HSI 4M/8M/16M/22.12M/24M _EPPARA2

Address: Ox1FFF 3248 (4 MHz), Ox1FFF 3270 (8 MHz), Ox1FFF 3298 (16 MHz), Ox1FFF 32C0 (22.12 MHz),
Ox1FFF 32E8 (24 MHz)

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

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

realize the configuration of the erase and write time required for the corresponding HSI frequency.

4.4.6. HSI 4M/8M/16M/22.12M/24M EPPARA3

Address: Ox1FFF 3250 (4 MHz), Ox1FFF 3278 (8 MHz), Ox1FFF 32A0 (16 MHz), Ox1FFF 32C8 (22.12 MHz),
Ox1FFF 32F0 (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]
R R R R R R |R R

R R R R R R R R

The software needs to choose to read data from the corresponding address according to the HSI

clock frequency to be set, and then write it into the FLASH_SMERTPE register to realize the configu-

ration of the erase and write time required for the corresponding HSI frequency.

4.4.7. HSI 4M/8M/16M/22.12M/24M _EPPARA4

Address: Ox1FFF 3258 (4 MHz), Ox1FFF 3280 (8 MHz), Ox1FFF 32A8 (16 MHz), Ox1FFF 32D0 (22.12 MHz),
Ox1FFF 32F8 (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
15 14 13 12 11 10

R R R R R

9 8 7 6 5 4 3 2 1 0
PRGTPE [15:0]
R R R R R R R R R | R |R R R | R |R R
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4.5.

4.5.1.

The software needs to select the data to be read from the corresponding address according to the
HSI clock frequency that needs to be set, and then write it into the FLASH_PRGTPE and
FLASH_PRETPE registers in order to realize the configuration of the erase and write time required

for the corresponding HSI frequency.

Flash memory protection

The protection of Flash main memory includes the following mechanisms:

B Read protection (RDP) to prevent access from the outside.

B Write protection (WRP) to prevent unwanted write operations (due to cluttering of the program
memory pointer PC). The granularity of write protection is designed to be 8 KB.

B Option byte write protection, specialized unlock design.

Flash memory read protection

The read protection function can be activated by setting the option byte read protection and perform-
ing a system reset (POR/BOR or OPL reset) to load a new option byte read protection. RDP protects
Flash main memory, option bytes, and SRAM.
If read protection is set while Debug via SWD is still connected, (at this point an access error is
made) a power-up reset rather than a system reset is required.
Flash memory is protected when the option byte is read-protected and the complement is correctly
present in pairs in the option byte.

Table 4-6 Flash Read-Protect 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 the protection level, System memory can only be read-accessed and cannot be Pro-
grammed or erased.
B Level 0: No protection
Read, Program and Erase operations are possible for Main flash, and any operation is possible for
option bytes.
B Level 1: Read Protection
Level 1 read protection is in effect when the RDP and its complement in the option byte contain any
combination other than (OXAA, 0x55), Level 1 being the default protection level.
— User Mode: Programs executed in user mode (started from Main flash) can perform all op-
erations on Main flash, option bytes.
— Debug mode: booting from SRAM and booting from System memory mode (Boot loader): In
Debug mode, or when booting from SRAM or System memory (Boot loader), the Main flash
is not accessible. In these modes, a read or write access to the Main flash will generate a

bus error, as well as generate a Hard fault interrupt.
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When already at Level 1 (any number other than OxAA), the hardware performs a full chip erase op-

eration on the Main flash if it is to be modified to Level O (write OXAA).

Table 4-7 Relationship of access status to protection level and execution mode

Boot from Main Flash Debugging/Executing
(CPU) from SRAM/
DMA
Execute from System
Read pro- user-executed operation
memory
shore tection
phrase phrase phrase
level
marked marked marked
write erase write erase write erase
by by by
pause pause pause
System Yes No No Yes No No No No No
0/1
memory Yes No No Yes No No No No No
Option Yes Yes Yes Yes Yes Yes No No No
0/1
Byte Area Yes Yes Yes Yes Yes Yes No No No
Yes No No Yes No No No No No
FT infoO 0/1
Yes No No Yes No No No No No
Yes No No Yes No No No No No
uiD 0/1
Yes No No Yes No No No No No
Notes:

1. Any modification of Level 1 to Level 0 triggers a hardware full wipe of the Main flash.

2. For executing a program from SRAM or System memory, there are two cases: one is Boot from SRAM or

System memory; the other is Boot from another memory and the program jumps to SRAM or System

memory.

4.5.2.

4.5.3.

4.6.

Flash write protection

Flash can be set to be write-protected against unwanted write operations. Defines the control granu-
larity per Bit of the WRP register to be a write-protected (WRP) area of 8 KB, i.e., 1 sector size. See

the description of the WRP registers for details.

When the area being WRP is activated, no Erase or Program operation is allowed. Accordingly, the

Mass erase function does not work even if only one area is set to write-protected.

In addition, if an Erase or Program operation is attempted on an area set to write-protect, the Write-
Protect Error Flag (WRPERR) in the FLASH_SR register is set.

Note: Write-protection works only for Main flash, not for System memory.
Option Byte Write Protect

By default, option bytes are readable and write-protected. To obtain an erase or Program access to

the option byte, the correct sequence needs to be written to the OPTKEYR register.
Flash memory interruption
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Table 4-8 Flash Interrupt Requests

disruption event event Time marker/interrupt clearing method Control Bit Enable
marker

End of operation EOP Write EOP=1 EOPIE

Write protection WRPERR Write WRPERR=1 ERRIE

4.7.

Note: The following events do not have separate interrupt identifiers, but do generate Hard faults:

1.
2
3.
4

5.

Flash Register Description

Sequence error in the FLASH_CR register of unlocked Flash memory

Unlock Flash option byte write operation sequence error

Flash program operation without 32-bit data alignment

Flash erase (including page erase, sector erase, and mass erase) operations are not 32-bit data

aligned.

Writes to option byte registers are not 32-bit data aligned

4.7.1. Flash Access Control Register (FLASH ACR)

Address offset: 0x00

Reset value: 0x0000 0700
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 LATENCY
RW
Bit Name R/W Reset Value Function
31: 2 Res - - Res
The wait state corresponding to a Flash read operation:
00: Flash read operation without wait state (SYSCLK<=24
MHz)
01: Flash read operation has 1 wait state, i.e., each flash
read requires two system clock cycles (24 MHz <SYS-
CLK<=48 MHz)
1: 0 LATENCY [1:0] RW 0 10: Flash read operation has 3 wait states, i.e., each flash

read requires four system clock cycles (48 MHz <SYS-
CLK<=72 MHz)

11: Res

Note: When operating the LATENCY register, the rest of
the high bits of FLASH_ACR are not allowed to be written
by 1
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4.7.2. Flash Key Register (FLASH KEYR)

Address offset: 0x08
Reset value: 0x0000 0000

All register bits are Write-Only and return O on readout.

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]
W W W W W w W W W W W W W W W W
Bit Name R/W Reset Value Function
The following values must be written consecutively to un-
lock the FLASH_CR register and enable the Flash pro-
31: KEY [31:0] w 0 gram/erase operation
KEY1: 0x4567 0123
KEY2: OxCDEF 89AB

4.7.3. Flash Option Key Register (FLASH OPTKEYR)

Address offset: 0x0C
Reset value: 0x0000 0000

All register bits are Write-Only and return O on readout.

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
OPTKEY [15:0]
w w w w w W W w w w w w w w w w
Bit Name R/W Reset Value Function
The following values must be written consecutively
to unlock the flash's option register and enable pro-
31: OPTKEY [31:0] W 0 gram/erase operations on the option byte
KEY1: 0x0819 2A3B
KEY2: 0x4C5D 6E7F
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4.7.4. 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
Res | Res Res Res Res | Res | Res Res Res | Res Res Res Res EOP
ERR ERR
RC_W1 - - - - - |- - - - - RC_W1 - - - RC_W1
Bit Name R/W Reset Value Function
31: 17 Res - - Res
Busy Bit
This bit indicates that Flash operation is in progress. This
16 BSY R 0 bit is set by hardware at the beginning of a Flash opera-
tion and cleared by hardware when the operation is com-
pleted or an error is generated.
Option and trimming bit loading errors
Hardware sets this bit when the OPTION and TRIMMING
15 OPTVERR RC_W1 0 bit and their inverses do not match. Loading mismatched
option bytes is forced to a safe value.
The software writes 1 and clears.
14: 5 Res - - Res
write-protect error
Hardware sets this bit when the address to be pro-
4 WRPERR RC_W1 0
gram/erased is in the write-protected Flash area (WRP).
The software writes 1 to clear the bit.
3:1 Res - - Res
When the program/erase operation of Flash is success-
fully completed, the hardware is set. This bit is only set if if
0 EOP RC_W1 0
the EOPIE bit of the FLASH_CR register is enabled.
The software writes 1 to clear the bit.

4.7.5. Flash Control Register (FLASH CR)

Address offset: 0x14

Reset value: 0xC000 0000
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31

30

29 | 28

27

26

25 24

23

22 | 21

20

19

18

17

16

LOCK

OPT

LOCK

Res

OBL_LAUNCH

Res

ERR EOP

Res

PGSTRT

Res

OPT

STRT

Res

RS

RS

RC_W1

RW RW

RW

RW

15

14

13 | 12

11

10

Res

Res

Res

SER

Res

Res Res MER PER PG

RW

RW RW

Bit

Name

R/W

Reset Value

Function

31

Lock

RS

FLASH_CR Lock bit.

The 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, un-
locking the FLASH_CR register.

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

When unsuccessful unlock timing is given, this bit re-

mains set until the next system reset.

30

OPTLOCK

RS

Option Byte Lock bit.

The software can only set this bit. When set, the bits in
the FLASH_CR register associated with the option byte
are Locked. When the unlock timing is successfully
given, this bit is cleared by hardware, unlocking the
FLASH_CR register.

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

When unsuccessful unlock timing is given, this bit re-

mains set until the next system reset.

29: 28

Res

Res

27

OBL_LAUNCH

RC_W1

Force option byte reload.

When set, this bit forces the system to perform a reload
of the option byte. This bit is cleared by hardware only
when the option byte load is completed. If the OPTLOCK
bit is set, this bit cannot be written.

0: Option byte reloading complete

1: An option byte reload request is generated and the

system generates a reset for option byte reloading.

26

Res

Res
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Bit

Name

R/W

Reset Value

Function

25

ERRIE

RW

The Error Interrupt Enable Bit, when the WRPERR bit of
the FLASH_SR register is set, generates an interrupt re-
quest if this bit is enabled.
0: No interrupt generation

1: With interrupt generation

24

EOPIE

RW

End-of-operation interrupt enable

When the EOP bit of the FLASH_SR register is set, this
bit enables interrupt generation.

0: EOP interrupt off

1: EOP interrupt enable

23: 20

Res

Res

19

PGSTRT

RW

Startup bit for program operations in Flash main memory.
This bit initiates program operation of the Flash main
memory, is set by software, and is cleared by hardware

after the BSY bit in the FLASH_SR register is cleared.

18

Res

Res

17

OPTSTRT

RW

Flash option byte modified startup bits

This bit initiates the modification of the option byte. Soft-
ware set and hardware cleared this bit after the BSY bit
in the FLASH_SR register is cleared.

Note: When the flash option byte is modified, the hard-
ware automatically erases the entire 256 Bytes of the
page and then performs the program operation, which

also includes automatic complement writing.

16: 12

Res

Res

11

SER

RW

8 KB sector erase operation

0: Sector erase operation for Flash not selected

1: Selecting the sector erase operation for Flash
Notes:

Sector erase does not work on Flash information
memory.

Sector Erase does not work for areas set to WRP.

10: 3

Res

Res

MER

RwW

Mass erase operation

0: Flash chip erase operation is not selected

1: Selecting the Flash's Chip Erase Operation

Notes:

Mass erase does not work on Flash information memory.

Slice erase does not work when there is a WRP setting

50/755



PY32F07X Reference Manual

Bit Name R/W Reset Value Function
Page Erase Operation

1 PER RW 0 0: Page erase operation for Flash not selected
1: Selecting Flash's Page Erase Operation
Program operation

0 PG RW 0 0: Flash program operation not selected
1: Selecting the Program Operation for Flash

4.7.6. Flash Options Register (FLASH_OPTR)

Address offset: 0x20
Reset value: 0x0000 DSAA.

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

tion byte area of the flash information memory and written to the corresponding option bit of this register.

31 30 29 28 27 26 | 25 | 24 |23 (22 |21 |20 |19 | 18 | 17 | 16
Res
15 14 13 12 11 10| 9 | 8 | 7|6 |5 |4 |3|2]1]0
IWDG_STOP | nBOOT1 | NRST_MODE | WWDG_SW | IWDG_SW Res RDP [7:0]
RW RW RW RW RW - RW
Bit Name R/W Reset Value Function
31: 16 Res - - Res
Setting the timer running state of IWDG in STOP
mode
15 IWDG_STOP RW 1
0: Freeze timer
1: Normal operation
Together with the BOOT PIN, selects the chip boot
14 nBOOT1 RW 1
mode
0: Reset input only
13 NRST_MODE RW 0
1: GPIO: GPIO function
0: Hardware Watchdog
12 WWDG_SW RW 1
1: Software Watchdog
0: Hardware Watchdog
11 IWDG_SW RW 1
1: Software Watchdog
10: 8 Res - - Res
OxAA: level 0, invalid read protection
7:0 RDP RW OxAA
Non-OxAA: level 1, read protection active
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4.7.7. Flash BORCR Address Register (FLASH BORCR)

Address offset: 0x24
Reset value: 0x0000 0000.

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

tion byte 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BOR_LEV[2:0] Res BOR_EN Res
RW RW
Bit Name R/W Reset Value Function
31: 16 Res - - Res
000: BOR rising threshold 1.8 V, falling threshold bit
1.7V
001: BOR rising threshold 2.0 V, falling threshold bit
19V
010: BOR rising threshold 2.2 V, falling threshold bit
21V
011: BOR rising threshold 2.4 V, falling threshold bit
23V
15: 13 BOR_LEV[2:0] RW 0
100: BOR rising threshold 2.6 V, falling threshold bit
25V
101: BOR rising threshold 2.8 V, falling threshold bit
2.7V
110: BOR rising threshold 3.0 V, falling threshold bit
29V
111: BOR rising threshold 3.2 V, falling threshold bit
31V
12: 6 Res - - Res
BOR Enable
5 BOR_EN RwW 0 0: BOR not enabled
1: BOR enabled, BOR_LEV active
4: 0 Res - - Res

4.7.8. Flash WRP Address Register (FLASH WRPR)

Address offset: 0x2C
Reset value: 0x0000 FFFF
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After the power-on reset (POR/BOR/OBL_LAUNCH) is released, the corresponding value is read from the op-

tion byte area of the flash information memory and written to the corresponding option bit of 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 | 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 Reset Value Function
31: 16 Res - - Res
0: SECTOR 15, write-protected, program and erase not allowed
15 WRP RW 1
1: sector 15, no write protection
0: SECTOR 14, write-protected, program and erase not allowed
14 WRP RW 1
1: sector 14, no write protection
0: SECTOR 13, write-protected, program and erase not allowed
13 WRP RW 1
1: sector 13, no write protection
0: SECTOR 12, write-protected, program and erase not allowed
12 WRP RW 1
1: sector 12, no write protection
0: SECTOR 11, write-protected, program and erase not allowed
11 WRP RW 1
1: sector 11, no write protection
0: SECTOR 10, write-protected, program and erase not allowed
10 WRP RW 1
1: sector 10, no write protection
0: SECTOR 9, write-protected, program and erase not allowed
9 WRP RW 1
1: sector 9, no write protection
0: SECTOR 8, write-protected, program and erase not allowed
8 WRP RW 1
1: sector 8, write-protected
0: SECTOR 7, write-protected, program and erase not allowed
7 WRP RW 1
1: sector 7, no write protection
0: SECTOR 6, write-protected, program and erase not allowed
6 WRP RW 1
1: sector 6, no write protection
0: SECTOR 5, write-protected, program and erase not allowed
5 WRP RW 1
1: sector 5, no write protection
0: SECTOR 4, write-protected, program and erase not allowed
4 WRP RW 1
1: sector 4, no write protection
0: Sector 3, write-protected, program and erase not allowed
3 WRP RW 1
1: sector 3, no write protection
0: SECTOR 2, write-protected, program and erase not permitted
2 WRP RW 1
1: sector 2, no write protection
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Bit Name R/W Reset Value Function

0: SECTOR 1, write-protected, program and erase not permitted
1 WRP RW 1

1: sector 1, no write protection

0: SECTOR 0, write-protected, program and erase not permitted
0 WRP RW 1

1: sector 0, no write protection

4.7.9. 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 Reset Value Function
31: 16 Res - - Res
Flash sleep time counter (counter based on
HSI_10M clock)
When LSI or LSE is selected for the system clock,
the function of this register is optional for more opti-
mized Run mode power consumption (recom-
mended only when LSI or LSE is the system clock).
15: 8 SLEEP_TIME RW 0x64
When this function is enabled, the width of time that
the Flash is in the Sleep state for each half system
clock low cycle is:
tHSI_10M * SLEEP_TIME
Notes:
tHSI_10M is the period of HSI_10M.
7:1 Res - - Res
Flash Sleep Enable
0 SLEEP_EN RW 0 1: Enable Flash sleep
0: Flash sleep

4.7.10. Flash TSO register (FLASH TSO0)

Address offset: 0x100
Reset value: 0x0000 00B4
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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 Value Function
31: 8 Res - - Res
If the HSI output frequency is different, you need
to set the following corresponding values
HSI for 4MHz: OX1E
7: 0 TSO RW 0xB4 HSI for 8MHz: Ox3C
HSI for 16MHz: 0x78
HSI for 22.12MHz: OxA6
HSI for 24MHz: 0xB4

4.7.11. Flash TS1 Register (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 RwW RwW
Bit Name R/W Reset Value Function
31: 9 Res - - Res
If the HSI output frequency is different, you need
to set the following corresponding values
HSI for 4 MHz: 0x48
8: 0 TS1 RW 0x1B0 HSI for 8 MHz: 0x90
HSI for 16 MHz: 0x120
HSI for 22.12 MHz: Ox18F
HSI for 24 MHz: 0x1B0O
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4.7.12. 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
Bit Name R/W Reset Value Function
31: 8 Res - - Res
If the HSI output frequency is different, you need to set the
following corresponding values
HSI for 4 MHz: Ox1E
7: 0 TS2P RW 0xB4 HSI for 8 MHz: Ox3C
HSI for 16 MHz: 0x78
HSI for 22.12 MHz: 0xA6
HSI for 24 MHz: 0xB4

4.7.13. 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 RwW RW RW RwW RwW
Bit Name R/W Reset Value Function
31: 11 Res - - Res
If the HSI output frequency is different, you need
to set the following corresponding values
HSI for 4 MHz: 0x120
10: 0 TPS3 RW 0x6CO
HSI for 8 MHz: 0x240
HSI for 16 MHz: 0x480
HSI for 22.12 MHz: 0x639
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HSI for 24 MHz: 0x6CO

4.7.14. 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 RW RwW RwW RW RW RW RW
Bit Name R/W Reset Value Function
31: 8 Res - - Res
If the HSI output frequency is different, you need to
set the following corresponding values
HSI for 4 MHz: Ox1E
7: 0 TS3 RW 0xB4 HSI for 8 MHz: 0x3C
HSI for 16 MHz: 0x78
HSI for 22.12 MHz: 0xA6
HSI for 24 MHz: 0xB4

4.7.15. Flash Page Erase (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
[16]
- - - - - - - - - - - - - - - RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PERTPE [15:0]
RW RW RW RW RW RW | RW RW RW RW RW RW RwW RW RwW RwW
Bit Name R/W Reset Value Function
31: 17 Res - - Res
If the HSI output frequency is different, you need to set
the following corresponding values
16: 0 PERTPE RW 0x11940
HSI for 4 MHz: 0x36B0
HSI for 8 MHz: 0x6D60
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HSI for 16 MHz: 0XDACO
HSI for 22.12 MHz: 0x12E6C
HSI for 24 MHz: 0x14820

4.7.16. 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
[16]
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMERTPE [15:0]
RW RW RW RW RW RW | RW RW RW RW RW RW RwW RwW RwW RW

Bit Name R/W Reset Value Function

31: 17 Res - - Res

If the HSI output frequency is different, you need to set
the following corresponding values

HSI for 4 MHz: 0x36B0

16: 0 SMERTPE RW 0x11940 HSI for 8 MHz: 0x6D60

HSI for 16 MHz: 0XDACO

HSI for 22.12 MHz: Ox12E6C

HSI for 24 MHz: 0x14820

4.7.17. Flash PROGRAM TPE register (FLASH PRGTPE)

Address offset: 0x11C
Reset value: 0x0000 A8CO

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

PRGTPE

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 Res - - Res

If the HSI output frequency is different, you need
15: 0 PRGTPE RW 0xA8CO

to set the following corresponding values
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HSI for 4 MHz: OxFAQ

HSI for 8 MHz: 0x1F40

HSI for 16 MHz: 0x3E80

HSI for 22.12 MHz: 0x5668

HSI for 24 MHz: 0x5DCO

4.7.18. 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 RwW RwW
Bit Name R/W Reset Value Function
31: 14 Res - - Res
If the HSI output frequency is different, you need
to set the following corresponding values
HSI for 4 MHz: 0x320
13: 0 PRETPE RW 0x12CO0 HSI for 8 MHz: 0x640
HSI for 16 MHz: 0xC80
HSI for 22.12 MHz: 0x1148
HSI for 24 MHz: 0x12C0
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5.Power control

5.1.

Power supply

5.1.1. Power Supply Block Diagram

VCCA domain
1 Vcca
VCCA[ | Apc || pac || opa || comp |
[ oo |[ e || i ][ Hst ]
A
I Flash
VDDA domain
b
Vcc domain EEER S
VbpA
o BOR VDDD domain
PDR
Ve [ VR Vooo > CPU Core/Digital Peripherals
BG PVD
| RTC | | 10_CTRL |
PMU
f | IWDG | | LPTIMER |
Ve VCao domain
V 1/O | PWR_Acon | RCC_Acon
DDD,
—> /Os
P{ Voo r
SRAM
=\/DDA

Figure 5-1 Power Supply Block Diagram

Table 5-1 Power Supply Block Diagram

No. Power supply Power value Descriptions
External power supply for I/Os and the internal regulator. It is pro-
1 Vce 1.7to55V
vided externally through Vcc pins.
External analog power supply for ADC, DAC,
2 Veea 1.7t055V COMP,OPA,LCD,RCs and PLL.It is provided externally through
Vcea pins.
Two embedded linear voltage regulators, MR andLPR, supply
3 Voox (Vooo/Vops) | 1.2 V/1.0 V/0.9 V/0.8 V | most of digital circuitry, SRAM in the device.
When the MR is powered, it outputs 1.2 V.
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When entering the Stop mode it powered by MR or
LPR(LPR.PWR_CR1 register),and the LPR output is determined

to be 1.2 /1.0 V/0.9 V/0.8 V(VOS.PWR_CR1 register).

5.2.

5.3.

5.3.1.

Voltage regulator

The chip is designed with two voltage regulators:
B MR (Main regulator) keeps working during the normal operation state of the chip.

B LPR (Low power regulator) provides lower power consumption options in Stop mode.
The power for the VDDX comes from the MR or LPR depending on the operating mode of the chip.
In Chip Run mode, the MR stays operational, outputs 1.2 V, and the LPR turns off.

In Stop mode, power can be supplied from MR or LPR at the discretion of the software. Similarly, it is
determined by software that the VDDX for the LPR supply case is 1.2 V/1.0 V/0.9 V/0.8 V after enter-
ing Stop.

Power monitoring

Power-0n reset (POR) / Power-down reset (PDR) / Brown-out reset (BOR)

The POR/PDR module is designed within the chip and placed under the VDDx power domain to pro-
vide power-up and power-down reset for the chip. The module remains operational in all modes.

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

When the BOR s turned on, the threshold of the BOR can be selected via the option byte and both

the rise and fall detection points can be individually configured.

VvCC

VBORR8 F—————————————
——————————————————————————— VBORF8
VBORR7 ——m————————— —
——————————————————————————— VBORF7
VBORR6 ———————————
————————————————————————————— VBORF6
VBORR5 f-——————————
—————————————————————————— VBORF5
VBORR4 F————————
—————————————————————————— VBORF4

VBORR3 ———————
—————————————————————————————— VBORF3
VBORR2 f-——————
———————————————————————————————— VBORF2
VBORRL [ —————
———————————————————————————————— VBORF1
VPOR [ ———

| |
| |
| |
tRSTTEMPQe&—> | |
T [
| |
| |

Reset with BOR off

Reset with BOR on |
(VBORS VBOR1) T

—————— POR/BOR rising thresholds
______ PDR/BOR falling thresholds

Figure 5-2 POR/PDR/BOR thresholds
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5.3.2. Programmable Voltage Detector (PVD)

The module can be used to detect the VCC power supply (and also the voltage at the PB7 pin), and
the detection point can be configured via registers. When VCC is above or below the detection point

of the PVD, the corresponding mark is generated.

This event is internally connected to EXTI line 16, depending on the EXTI line 16 rising/falling edge
configuration, and generates an interrupt when VCC rises above the detection point of the PVD, or
VCC drops below the detection point of the PVD, which allows the user to perform an emergency

shutdown (Shutdown) task in the interrupt service program.

VCC
A
VPVDRX| c
Configurable
hysteresis
VPVDFx v
PVD output

Figure 5-3 PVD Threshold
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6.Low-power control

6.1.

6.1.1.

By default, the chip enters normal operation Run mode after a system or power reset. The chip can
enter a low-power mode when the CPU does not need to work continuously. For example, when
waiting for an external event, the software can compromise between power consumption, wake-up

time, and wake-up source.

Low Power Mode

Introduction to Low Power Mode

The chip has 2 low power modes in addition to the normal Run mode:

B Sleep mode: CPU clock off (NVIC, SysTick can work), peripherals can be configured to keep
working. (It is recommended to enable only the modules that must work and to shut down the
module when it has finished working).

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

In Stop mode, the LSI and LSE can remain operational and the RTC, LPTIMER, IWDG, etc. can re-

main operational. Specifically the operation of the modules in this mode, cf.Table 6-2 Functions in

each operating mode @

In Stop mode, the corresponding VR state can be controlled by software and set to be powered by
MR or LPR. When LPR power supply, the chip power consumption is greatly reduced, but the wake-
up time is longer; when the case of keeping MR power supply, the chip power consumption is larger,

but with a few cycles of fast wake-up ability.
In addition, power consumption can be reduced in normal Run mode by the following methods:
1. Reduced system clock frequency

2. For unused peripherals, turn off the peripheral clocks (system clock and module clock)

In summary, the low power mode conversion diagram for this project is described below.

( stop J
A
f/ Run \‘
\ /
A
A
ﬂ Sleep )
N

Figure 6-1 Power Mode
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6.1.2. Low Power Mode Switch

Table 6-1 Low Power Mode Switches

source of Voltage regulator
wake-up
paradigm go into wake-up Impact on the clock
call MR LPR
call
WFI or Return from | Any interrup- | Same as
Sleep
ISR tions before en- | CPU clock stops, no effect on
(sleep-now or Open (1) | mountain pass
wake-up tering other clocks and clock sources.
sleep-on-exit) WFE
event sleep
HSI shutdown;
HSISYS
HSE closed;
The HSI
Any EXTI PLL off;
SLEEPDEEP bit+ maintains Software con-
Line config- The LSI can be selected on or
WFI or Return from the fre- figurable
ured for off; Software
ISR or WFE quency switch, if on,
wakeup LPTIMER, RTC, IWDG: Config- | Configu-
Stop configura- output voltage
(EXTI regis- ured by software to work or not; | ration
Note: LSI cannot be tion before 1.2Vv/1.0V/0.9
ter configura- Modules such as low-power | Switches
selected for the entering V/0.8 V config-
tion), IWDG, wake-up and partial RCC keep
system clock STOP, urable
NRST working;
without
The remaining peripheral mod-
crossovers
ules are clocked off.

Note 1: The software has to configure the state of the VR to be in MR mode in order to enter Sleep mode.

6.1.3. Functions in each operating mode

Table 6-2 Functions in each operating mode ()

Stop
Peripherals Run Sleep
VR@LPR or VR@MR wake-up call (computing)
CPU Y - - -
Flash memory Y Y - (2)

SRAM Y 0@3) - (4) -
Brown-out reset (BOR) Y Y @) (0]
PVD O 0] @] (0]
DMA O 0] - -

HSI ¢} o - -

HSE ¢} o - -

LSI ¢} o ] -

PLL (@) (0] - -
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HSE Clock Security System
O 0] - -
(CsS)
RTC O 0] @) (0]
USART1 o} o} - -
USART2 o} o} - -
12C O 0] - -
SPI1 O 0] - -
ADC O 0] - -
COMP1/COMP2/3 (@] ) 0 ]
Temperature sensor O (0] - -
Timers (TIM1/TIM3)
O 0] - -
[TIM14/TIM16/TIM17)

LPTIM (0] (0] (0]

IWDG (@] O
WWDG (@] O - -
SysTick timer (0] (0] - -
CRC (0] o - -
GPIOs (0] O o O

AP w0 N PRF

6.2.

6.2.1.

6.2.2.

Y = Yes (enable); O = Optional (off by default, can be enabled by software); - = Not available
Flash is not powered down, but no clock is supplied, entering the lowest power state.
The SRAM clock can be turned on or off.

The SRAM does not power down, but no clock is supplied and it enters the lowest power state.

Sleep mode

Entering sleep mode

Sleep mode is entered by executing the WFI (Wait for interrupt) or WFE (Wait for event) instruction.

Depending on the SLEEPONEXIT bit of the Cortex MO+'s System Control Register, there are two

optional mechanisms for entering Sleep mode.

B Sleep-now: if the SLEEPONEXIT bit is 0, it enters Sleep mode immediately after executing WFI
or WFE.

B Sleep-on-exit: If the SLEEPONEXIT bit is 1, it enters Sleep mode when exiting a low priority in-
terrupt ISR.

In Sleep mode, all IO pins remain in the same state as in Run mode.

Exit sleep mode

If Sleep mode is entered with WFI, any peripheral interrupt obtained by the NVIC can wake up the

chip from sleep mode.

65/755



PY32F07X Reference Manual

If Sleep mode is entered with WFE, the chip exits Sleep mode when an event occurs. Wakeup

events can be generated in the following ways:

B Enable interrupts in the Peripheral Control Register, not in the NVIC, and enable the SEVON-
PEND bit of the Cortex MO+. The peripheral interrupt Pending bit and the peripheral NVIC IRQ
channel Pending bit (in the NVIC's interrupt clear Pending register) must be cleared when the

chip continues execution after waking up from WFE.

B Alternatively, configure the external or internal EXTI line for event mode. When the CPU contin-
ues execution after waking up from WFE, it does not have to clear the peripheral interrupt Pend-
ing bit, or the NVIC IRQ channel Pending bit corresponding to event Line is not set.

This mode has the shortest Wakeup time and wastes no time on interrupt entry and exit.

Table 6-3 Sleep-now

Sleep-now mode Description

WFI or WFE, and:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =0

If sleep mode is entered via WFI, the exit method is: interrupt.

Mode exit
If sleep mode is entered via WFE, the exit is: wakeup event.
Wakeup latency not have
Table 6-4 Sleep-on-exit
Sleep-on-exit Description
WEFI, and:
Mode entry - SLEEPDEEP =0 and
- SLEEPONEXIT =1
Mode exit disruptions
Wakeup latency not have

6.3. Stop mode

Stop mode is based on the Cortex-M0O+'s DEEPSLEEP and Gating of the peripheral clock, and the
VR can be configured to be powered by either MR or LPR. In this mode, HSI, PLL, and HSE are
turned off, SRAM and register contents are held, LSI, LPTIMER, RTC, and IWDG can be configured
by software to work or not, low-power wake-up and some RCC logic, etc. are held working, and clock

inputs to the digital modules in the remaining VDDx domains are turned off.

In Stop mode, all IO pins remain in the same state as in Run mode.
6.3.1. Enter Stop mode

To further reduce the power consumption in Stop mode, configure PWR_CR1.LPR=1 so that the VR

can enter LPR power supply.
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6.3.2.

If a Flash erase/write operation is in progress, entry into Stop mode is delayed until the memory ac-
cess is complete (determined by software reading the BSY bit of the FLASH_SR register to deter-
mine if the erase/write operation is currently complete).

If an operation is in progress on the APB bus, entry of Stop mode is also delayed until the APB ac-
cess is complete (controlled by software).

If the system clock source is a high-speed clock source (PLL/HSE) before entering low-power mode
again, software switching of the system clock source to HSI is required to ensure successful system

clock switching.
Exiting Stop Mode

The HSI is selected as the system clock when exiting Stop mode via an interrupt or Wakeup event.
In Stop mode, if the VR is in LPR, there is an additional delay to wake up from Stop mode.

In Stop mode, if the VR is in MR state, the current consumption will be high, but the wake-up time
will be minimized.
Table 6-5 Stop Mode

Stop mode descriptive

Access Mode

WFI (Wait for interrupt) or WFE (Wait for event), and:

1. Configuration settings:

- Select the VR to operate under MR or LPR via the LPR bit of PWR_CR1

- With the VOS bit of PWR_CR1, the LPR mode is selected to provide 1.2V, 1.0V, 0.9V, 0.8
\%

- Configure FLASH wake-up time via FLS_SLPTIME of PWR_CR1

2. Setting the SLEEPDEEP bit of the Cortex MO+

Notes:

3. In order to enter Stop mode, the Pending bits of all EXTI lines (EXTI_PR register), the inter-
rupt Pending bits of all peripherals, and the RTC alarm flag bit, must be reset. Otherwise,
the process of entering STOP mode is ignored and the program continues to execute.

4. If the application needs to turn off the HSE, PLL before entering Stop mode, the system
clock source must be switched to the HSI and then the HSEON bit must be cleared.

5. In order to equalize the power consumption variation of the chip as much as possible, the
software needs to follow the principle of gradual shutdown: gradually turn off the clock of
each module, select HSI as the system clock, and turn off HSE and PLL.

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

wake-up.

If using WFI to enter Stop mode:

exit mode - Any EXTI line configured for interrupt mode (the corresponding EXTI interrupt vector must

be enabled in the NVIC)
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Stop mode descriptive

If using WFE to enter Stop mode:
- Any EXTI line that is configured for event mode

- CPU SEVONPEND position bit case interrupt pending bit

wake-up call delay | LPR to MR wakeup time + HSI wakeup time + Flash wakeup time

6.4. Reduced system clock frequency

In Run mode, the frequency of the system clock (SYSCLK, HCLK, PCLK) can be reduced by config-
uring the frequency division through the prescaler register. These prescalers can also be used to re-

duce the frequency of a peripheral before entering Sleep mode.

6.5. Peripheral clock gating

In Run mode, the AHB clock (HCLK) and APB clock (PCLK) of individual peripherals and memories

can be stopped at any time to reduce power consumption.

To further reduce power consumption in Sleep mode, the peripheral's clock can be stopped before

executing the WFI or WFE instruction.
6.6. Power Management Registers

The registers of this peripheral can be accessed by half-word or full-word.
6.6.1. Power Control Register 1 (PWR _CR1)

Address offset: 0x00
Reset value: 0x0000 0000 (reset by POR)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res HSION_CTRL Res
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res LPR FLS_SLPTIME[1:0] Res VOS [1:0] DBP Res Res
RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 20 Res - - Res

When waking up from Stop mode, the HSI turns on the

time control.
19 HSION_CTRL RW 0
0: Wait for MR to stabilize and enable HSI;
1: Enable HSI immediately on wakeup.
18: 15 Res - - Res
Low power regulator
14 LPR RW 0 0: Main regulator working in stop mode

1: Low power regulator working in stop mode
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The Stop mode wake-up timing requires a wait time af-
ter the HSI is stabilized and before FLASH operation.
2'h00: 1 ps

2'h01: 2 ps

2'h10: 3 ps

13: 12 FLS_SLPTIME[1:0] RW 2" b00 2'b11: 0 ps

Note: When this register is set to 2'b11, it indicates that
the program is executed from SRAM, not Flash, after
wake-up. And the program guarantees that Flash will
not be accessed within 3us after waking up to execute

the program.

11 Res - - Res

Voltage regulation range selection

00: VDD = 1.2 V after entering Stop mode
10: 9 VOS [1:0] RW 0 01: VDD = 1.0 V after entering Stop mode
10: VDD = 0.9 V after entering Stop mode
11: vDD = 0.8 V after entering Stop mode

RTC Write Protect Disable
After a reset, the RTC is in a write-protected state to

prevent accidental writes. To access the RTC this bit

8 DBP RW 0
must be set to 1.
0: Access to the RTC is disabled
1: RTC can be accessed
7: 0 Res - - Res

6.6.2. Power Control Register 2 (PWR _CR2)

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

Note: This register is a PVD function related register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res FLT_TIME[2:0] FLTEN Res | PVDT[2:0] Res | SRCSEL Res | PVDE
RW RW - RW - RW - RW
Bit Name R/W Reset Value | Function
31: 12 Res - - Res
11: 9 FLT_TIME[2:0] RW 3’ b010 Digital Filter Time Configuration
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Bit Name R/W | Reset Value | Function
110: filtering time of about 30.7 ms (1024 LSI/LSE clocks)
101: Filtering time of about 3.8 ms (128 LSI/LSE clocks)
100: filtering time of about 1.92 ms (64 LSI/LSE clocks)
011: Filtering time approx. 480 ps (16 LSI/LSE clocks)
010: Filtering time approx. 120 ps (4 LSI/LSE clocks)
001: Filtering time approx. 60 ps (2 LSI/LSE clocks)
000: Filtering time approx. 30 ps (1 LSI/LSE clock)
Digital Filter Function Enable Control

8 FLTEN RW 1 0: Prohibited
1: Enabling

7 Res - - Res
Voltage rising edge detection threshold (falling edge detection
threshold is reduced by 0.1 V accordingly) and PVDIN detection
control.

6: 4 PVDT [2:0] RW 000 000: VPVDO (around 1.8 V) 001: VPVD1 (around 2.0 V) 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
3.0V) 111: VPVDY (around 3.2 V)

3 Res - - Res
PVD detection power supply selection.
0: VCC
1: Detect PB7 pin

2 SRCSEL RwW 0
If this position is 1, the voltage on PB7 is internally compared to
VREFINT (both rising and falling thresholds). The PVDT register
setting is invalid in this case.

1 Res - - Res
Voltage Detect Enable Bit
0: Voltage detection not enabled

0 PVDE RW 0 1: Voltage detection enable
PVDE write-protected if SYSCFG_C, G2.PVD_LOCK=1. Write
protection is reset only when the system is reset.

6.6.3. Power Supply 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
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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 Res - - Res
PVD test result output.
0: the detected VCC or PB7 exceeds the comparison threshold
11 PVDO R 0 selected by the PVD
1: The detected VCC or PB7 is lower than the comparison
threshold selected by the PVD
10: O Res - - Res
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7/.Reset

7.1.

7.1.1.

7.1.2.

7.1.3.

7.1.4.

Two types of reset are designed within the chip, namely: power reset and system reset.

Reset source

Power Reset

A power reset resets all registers out and is generated under the following conditions:
The POR/ BOR generated by the analog circuit realizes the detection of VCC.

B The resetis released when the VCC voltage rises to the trigger value;

B Aresetis generated when the VCC voltage drops to a certain trigger value.

System reset

A system reset sets most registers to their reset values; some special registers, such as the reset

identification bit register, are not reset by the system.
A system reset is generated when the following events are generated:

B Reset of the NRST pin

Window watchdog (WWDG) reset
Independent Watchdog Dog (IWDG) Reset
Cortex-M0O+ SYSRESETREQ Software Reset
Option byte load (OBL) reset

NRST pin (External reset)

With the loading of the option byte (NRST_MODE bit), the NRST pin can be configured in the follow-
ing modes (see the option byte description for specific configuration):
B Reset Input
In this mode, any valid reset signal on the NRST pin is passed to the internal logic, but resets
generated internally by the chip are not output on the NRST pin.
In this configuration mode, the PF2 function of the GPIO is disabled.
The NRST pin input is then passed through the deburring circuit (deburring can be configured to
be disabled) to generate an external reset of the chip.
® GPIO
In this mode, this PIN can be used as a standard GPIO, i.e. PF2. The reset function on Pin is
invalid. Chip reset will only be generated internally by the chip and cannot be passed on to the
pin.
Note: After power-on reset, the NRST pin is configured in reset input mode by default.

Watchdog reset

See Independent Watchdog (IWDG) and Window Watchdog (WWDG).

72/755



PY32F07X Reference Manual

7.1.5. Software reset

A software reset can be achieved by setting the SYSRESETREQ bit of the ARM MO+'s interrupt and

reset control register.
7.1.6. Option byte loader reset

Software generates an option byte loader reset by configuring FLASH_CR.OBL_LAUNCH=1, which

initiates option byte reloading.
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8.Clocks

8.1.

8.1.1.

Clock source

External high-speed clock HSE

The external high-speed clock (HSE) comes from two sources:

B External XTAL OSC + internal oscillator circuitry
B External clock input via OSC_IN structure (HSEBYP=1)
Table 8-1 HSE Clock Sources

Clock source Hardware configuration

0SC IN 0SC_0UT

[
external clock ]
GPI0

External
source

|
External Crystal S IUI

OSC_IN  0SC_OUT

ST

| |
cu cz -

A o N

capacitors

8.1.2.

8.1.3.

External high-frequency OSC with a frequency range of 4 ~ 32 MHz.

The stabilization time of the HSE clock is determined by RCC_ECSCR. HSE_STARTUP register
configuration. When the HSE goes from OFF to ON, it needs to wait for the stabilization time, and
after stabilization, the hardware sets the RCC_CR.HSERDY register. When HSEBYP=1, the stabili-

zation time is halved compared to non-bypass mode.

HSE clock related registers refer to RCC_ ECSCR.

Internal high-speed clock HSI

Internal RC oscillator with reference frequencies of 4 MHz, 8 MHz, 16 MHz, 22.12 MHz, and 24 MHz
is available. Compared to XTAL OSC, RC OSC has low power consumption and short stabilization

time, but low accuracy.

After power-on reset, the HSI calibration value needs to be software loaded into the RCC_

ICSCR.HSI_TRIM register. When the system is reset, this register is reset with it.

After waking up from Stop mode, only the HSI can be used as the system clock source.

Internal low-speed clock LSI

Internal low frequency 32.768 kHz clock.
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8.14.

8.1.5.

8.1.6.

HSIT10M Clock

This clock is used as a low-precision clock for filter counting on the NRST pin and for low-power han-

dling during Flash low-speed Run.

PLL

PLL module reference clock is HSI or HSE, PLL input clock frequency range is required to be 16 ~

24 MHz, not in this range can not guarantee the output clock frequency and stability.

The PLL supports 2x or 3x frequency. When the USB module is in operation, it is necessary to select
the HSI reference frequency as 16 MHz and the PLL multiplication factor as 3, thus generating a fre-
guency of 48 MHz. At this point, if PLL is selected for the system clock, the maximum frequency will
also be limited to 48 MHz.

LSE Clock

External 32.768 kHz OSC for use as a low-power clock.

A balance between stabilization time and power consumption can be made by configuring
LSE_DRV. LSE stabilization time by RCC_ECSCR. LSE_STARTUP register configuration.

Similar to the HSE source, the LSE has two sources:

B 32.768 kHz XTAL + internal oscillator circuitry
B External clock input via OSC_IN (LSEBYP=1)

In the case of LSE bypass, the stabilization time is halved compared to non-bypass mode.
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8.2. The Clock Tree

HSI: High-speed internal clock
LSI: Low-speed internal clock
HSI10M To RCC, FMC . Hishe
HSI1OM > HSE: High-speed external clock
LSE: Low-speed external clock
PLL: Phase locked loop
LSI RC to IWDG{>
32.768kHz
LSI
LSE to RTC
HSE (o8
0SC32_OuT LSE
O 32.768kHz || | of to PWR
RTCSEL >
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detector
—LSE to CAN(20MHz/40MHz)

Figure 8-1 System clock structure

8.3. Clock Safety System (CSS)
Clock security consists mainly of the following aspects:

B Clock Configuration and Stateful Security
Clock Source HSE Safety

Clock Source LSE Security

IWDG-based clock security

Timer-based clock security

8.3.1. Clock Configuration and Stateful Security

The software periodically reads back the clock configuration and status registers to obtain infor-

mation about the system's current clock and determine whether it is as expected.
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8.3.2.

8.3.3.

Clock source HSE monitoring

The HSE clock security system can be activated by software by configuring RCC_CR.CSSON. In
this case, the clock detection function is turned on after the HSE is started. When HSE is turned off,

the clock detection function is turned off.

If a clock error is detected on the HSE, the HSE is automatically shut down and the clock error event
is sent to the brake inputs of TIM1 (Advanced Timer) and TIM15/TIM16/TIM17 (General Purpose
Timer) and an interrupt is generated to notify the software of the error (Clock Security System Inter-
rupt, CSSI). CSSI), which in turn allows the MCU to perform a rescue operation. CSSl is linked to the

Cortex-M0+'s NMI (non-maskable interrupt, Non-maskable interrupt) Exception vector.

Note: Once CSSis enabled, and if the HSE clocks Failure, a CSS interrupt is generated and an
NMI is automatically generated. This NMI will continue to execute until the CSS interrupt pending
bit is cleared. Therefore, the CSS interrupt must be cleared in the NMI's handler by setting the CSSC
bit in the Clock Interrupt Register (RCC_CICR).

If the HSE is used directly or indirectly as the system clock (indirectly meaning: it is used as an input
to the PLL and the PLL is used as the system clock), Clock Failure will cause the system clock to
automatically switch to the HSI while turning off the HSE. If the HSE is the input clock to the PLL

when the clock is Failure, the PLL will also be turned off.

Clock source LSE monitoring

The LSE clock security system can be activated by software by configuring RCC_BDCR.LSECS-
SON. In this case, the clock detection function is turned on after the LSE is started. When the LSE is

turned off, the clock detection function is turned off.

If a clock error is detected on the LSE, the LSE is automatically turned off and the clock error event
is sent to the brake inputs of TIM1 (Advanced Timer) and TIM15/TIM16/TIM17 (General Purpose
Timer) and an interrupt is generated to notify the software of the error (CSSI), which in turn allows
the MCU to perform a rescue operation. CSSI is linked to the NMI (Non-maskable interrupt) excep-
tion vector of the Cortex-MO+.

Note: Once LSECSS is enabled and if the LSE clock is incorrect, a CSS interrupt is generated
and an NMlI is automatically generated. This NMI will continue to execute until the CSS interrupt
pending bit is cleared. Therefore, the CSS interrupt must be cleared in the NMI's handler by setting
the CSSC bit in the Clock Interrupt Register (RCC_CICR).

If the LSE is used as the system clock, Clock Failure will cause the system clock to automatically
switch to the LSI while turning off the LSE. Also, if LSE is selected for the LPTIM and RTC count

clock, it will automatically switch to LSI.
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8.4. Output Clock Capability

In order to facilitate board-level applications, save BOM costs, and for Debug, etc., the chip is re-

quired to provide a clock output function. In other words, the MCO signal of the table below (and di-

vided frequency) is used to realize the clock output function through the multiplexing function of

GPIO.
Table 8-2 Output Clock Selection
clock source MCO exportable clock source

HSI v

SYSCLK v
HSE v
LSI v
PLL v
LSE v

Note: When making a switch to the MCO clock source and selecting the GPIO AF function as the

start of the MCO, the MCO may generate a burr and needs to be avoided for that period of time.

8.5. Reset/Clock Register

The module's registers can be accessed in full words (32 bits), half words (16 bits), and bytes (8

bits).

8.5.1. 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
CSS HSE HSE HSE
Res | Res | Res | Res | Res Res PLLRDY | PLLON Res ADC_DIV Res
ON BYP RDY ON
R RW - RW RS RW R RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSI
Res | Res HSIDIV [2:0] Res HSION Res | Res | Res | Res Res Res Res Res
RDY
RW R RW -
Bit Name R/W Reset Value Function
31: 26 Res - - Res
PLL clock ready flag.
Hardware set to indicate that the PLL clock is latched.
25 PLLRDY R 0
0: PLL unlocked
1: PLL locked
24 PLLON RW 0 PLL Enable.
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Bit

Name

R/IW

Reset Value

Function

The hardware clears this bit when the system enters Stop
mode. This bit cannot be cleared when the PLL clock is
used as the system clock.

0: PLL off

1: PLL Open

23

Res

Res

22: 21

ADC_DIV

RW

ADC dividing factor

00: 2 crossover frequency
01: 4-way frequency

10:6 crossover

11: 8-way

20

Res

Res

19

CSSON

RS

HSE Clock Safety System Enable.

When this bit is 1, the hardware enables the clock detec-
tion module if the HSE OSC is ready, and disables the
clock detection module if the HSE detection fails.

0: Clock safety system off (clock detection off)

1: Clock safety system on (clock detection on if HSE clock

is stable, otherwise clock detection off)

18

HSEBYP

RW

The HSE shields the crystal and selects the pin to input
the clock.

This bit can only be written when HSEON=0.

0: HSE crystal not shielded, external high-speed clock se-
lects external crystal

1: HSE crystal shielding, external high-speed clock selec-

tion external pin input clock source

17

HSERDY

HSE crystal clock ready flag.

This bit is set by hardware to indicate that the HSE crystal
is stable.

0: HSE crystal not ready

1: HSE crystals ready to go

Note: When HSEON is cleared, HSERDY is cleared after

6 HSE clock cycles.

16

HSEON

RwW

HSE crystal enable.

When the system enters Stop mode, the hardware clears
this bit and turns off the HSE crystal. This bit cannot be
set to 0 when the HSE is used as the system clock

source.

0: HSE crystal off
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Bit

Name

R/IW

Reset Value

Function

1: HSE crystal turn on

15: 14

Res

Res

13: 11

HSIDIV

RW

The HSI generates the crossover coefficients for 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.

A hardware set indicates that the HSI OSC is stable. This
bit is only valid when HSION=1.

0: HSI OSC not ready

1: HSI OSC ready

Res

Res

HSION

RW

HSI Clock Enable.

The hardware will clear this register as necessary to stop
the HSI when it enters stop mode.

0: HSI OSC off

1: HSI OSC On

Res

Res

8.5.2. Internal clock source calibration register (RCC ICSCR)

Address offset: 0x04
Reset value: 0xO0FF 1080

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

Res Res Res Res Res Res LSI_TRIM[8:0]

- - - - - - 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: 25 Res - - Res
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Bit

Name

R/W

Reset Value

Function

24: 16

LSI_TRIM

RW

9’hOFF

The internal low-speed clock frequency is adjusted so
that the internal low-speed clock can output 32.768 kHz
by calibration.

The calibration value is saved in the Flash at the follow-
ing address:

32.768 kHz calibration value address: Ox1FFF OFA4

15: 13

HSI_FS

RW

3’b000

HSI frequency selection:

000: 4 MHz

001: 8 MHz

010: 16 MHz

011: 22.12 MHz

100: 24 MHz

>=101: 4 MHz

Upon power-up, 4 MHz is selected by default and
hardware switches to 8 MHz after the reload option

byte is completed.

12:

HSI_TRIM

RW

13’1080

Clock Frequency Adjustment, changing the value of this
register adjusts the output frequency of the HSI. Each
increase of 1 in the register value increases the output
frequency of the HSI by about 0.2%, with a total adjust-
ment range of 4 to 24 MHz.

The calibration values corresponding to 24 MHz/22.12
MHz/16 MHz/8 MHz/4 MHz are stored in the following
addresses in Flash:

24 MHz calibration value address: Ox1FFF 3220

22.12 MHz calibration value address: Ox1FFF 3218

16 MHz calibration value address: Ox1FFF 3210

8 MHz calibration value address: Ox1FFF 3208

4 MHz calibration value address: Ox1FFF 3200

8.5.3. Clock Configuration Register (RCC CFGR)

Address offset: 0x08
Reset value: 0x0000 0000

When the clock source is switched, there is a wait period of 1 or 2 clocks for accessing this register.

When the APH or AHB divider value is updated, there may be a wait period of O ~ 15 clocks to access this reg-

ister.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res MCOPRE [2:0] MCOSEL [3:0] Res Res Res Res Res Res Res Res
RW | RW | RW RW RW RW RW - -
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15

14

13 12

11

10

9

7 6 5 4 3 2 1 0

Res

PPRE [2:0]

HPRE [3:0]

Res Res SWSJ[2:0] SWI[2:0]

RW

RW | RW

RW

RW

RW

RW

- R R R RwW RW RW

Bit

Name

R/W

Reset Value

Function

31

Res

Res

30:

28

MCOPRE [2:0]

RW

MCO (microcontroller clock output) crossover coefficient.
Software controls these bits to set the crossover coeffi-
cient of the MCO output:

000: 1

001: 2

010: 4

011: 8

100: 16

101: 32

110: 64

111: 128

This crossover factor is to be configured before the MCO

output is enabled.

27:

MCOSEL [3:0]

RW

MCO Selection

0000: no clock, MCO output disabled0001: SYSCLKO0010:
HSI10M0011: HSI0100: HSE0101: PLL CLKO0110:
LSI0111: LSE

1000: HCLK

1001: PCLK

Other: no clock

Note: Incomplete output clocks may occur during the clock

startup or switching phase.

23:

Res

Res

14:

PPRE [2:0]

RW

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

Oxx: 1

100: 2

101: 4

110: 8

111: 16

11:

HPRE [3:0]

RW

AHB clock division factor.

The software controls this bit. To generate the HCLK

clock, it sets the dividing factor of SYSCLK as follows:
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Bit Name R/W Reset Value Function

Oxxx: 11000: 21001: 41010: 81011: 161100:
641101: 1281110: 2561111: 512

In order to ensure that the system works properly, it is
necessary to configure the appropriate frequency accord-
ing to the VR power supply.

Note: It is recommended to switch the crossover coeffi-

cients step by step.

7.6 Res - - Res

System clock toggle status bit

These bits are controlled by hardware and indicate which
5:3 SWS[2:0] R 0 clock source is currently being used as the system clock:
000: HSISYS001: HSEO010: PLL CLKO11: LSI100: LSE

Other: Reserved

System clock source selection bit.

These bits are controlled by software and hardware and
are used to select the system clock:

000: HSISYS001: HSE010: PLL CLKO11: LSI100: LSE re-
2: 0 SWI[2:0] RW 0 maining: reserved

Hardware configurations for HSISYS include:

1) System exit from Stop mode

2) Software configuration 001 (HSE) with HSE failure

(HSE is the system clock source)

8.5.4. PLL configuration register (RCC PLLCFGR)

Address offset: 0x0C
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 PLLMUL [1:0] PLLSRC [1:0]

- - - - - - - - - - - - RW RW RW RW

Bit Name R/W Reset Value Function

31: 4 Res - - Res

PLL multiplication factor
3:2 PLLMUL [1:0] RW 2'b0 00: x2
01: x3
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Bit Name R/W Reset Value Function
11: Res
PLL clock source selection.
1: 0 PLLSRC [1:0] RW 0
00: No clock01: Reserved10: HSI11: HSE

8.5.5. External Clock Source Control Register (RCC_ECSCR)

Address offset: 0x10
Reset value: 0x0003 0003

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 LSE_STARTUP Res Res LSE_DRV
- - - - - - - - - - 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 HSE_STARTUP Res HSE_DRV
- - - - - - - - - - - RW RW
Bit Name R/W Reset Value Function
31: 22 Res - - Res
LSE crystal stabilization time selection.
LSEBYP=0:
00: 4096 LSE clock cycles
01: 2048 LSE clock cycles
10: 8192 LSE clock cycles
21: 20 LSE_STARTUP RW 0 11: Direct output regardless of stabilization time
LSEBYP=1:
00: 2048 LSE clock cycles
01: 1024 LSE clock cycles
10: 4096 LSE clock cycles
11: Direct output regardless of stabilization time
19: 18 Res - - Res
Low-speed crystal drive capability selection.
00: Reserved,;
01: Weak drive capability
10: Strong drive capability (recommended)
17: 16 LSE_DRV RW 0x3 11: Strongest drive capability
Note: Appropriate drive capability needs to be
selected based on crystal characteristics, load
capacitance, and board parasitic parameters.
The higher the drive capability the higher the
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Bit

Name

R/W

Reset Value

Function

power consumption, the weaker the drive capa-

bility the lower the power consumption.

15: 5

Res

Res

HSE_STARTUP

RW

HSE stabilization time selection.

HSEBYP=0:

00: 4096 HSE clocks

01: 2048 HSE clocks

10: 8192 HSE clocks

11: Direct output regardless of stabilization time
HSEBYP=1:

00: 2048 HSE clocks

01: 1024 HSE clocks

10: 4096 HSE clocks

11: Direct output regardless of stabilization time

Res

Res

HSE_DRV

RW

0x3

High-speed crystal drive capability selection.

00: Reserved,

01: Weak drive capability

10: Strong drive capability (recommended)

11: Strongest drive capability

Note: Appropriate drive capability needs to
be selected based on crystal characteristics,
load capacitance, and board parasitic param-
eters. The higher the drive capability the
higher the power consumption, the weaker

the drive capability the lower the power con-

sumption.

8.5.6. 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
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL HSE HSI Res LSE LSI
Res
RDYIE RDYIE RDYIE RDYIE RDYIE
RW RW RW - RW RwW
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Bit Name R/W Reset Value Function
31: 6 Res - - Res

PLL ready interrupt enable.
5 PLLRDYIE RW 0 0: Prohibited

1: Enabling

HSE clock ready interrupt enable.
4 HSERDYIE RW 0 0: Prohibited

1: Enabling

HSI clock ready interrupt enable.
3 HSIRDYIE RW 0 0: Prohibited

1: Enabling
2 Res - - Res

LSE clock ready interrupt enable.
1 LSERDYIE RW 0 0: Prohibited

1: Enabling

LSI clock ready interrupt enable.
0 LSIRDYIE RW 0 0: Prohibited

1: Enabling

8.5.7. Clock Interrupt Flag Register (RCC CIFR)

Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
LSE PLL HSE HSI LSE LSl
Res CSSF | Res | Res Res
CSSF RDYF | RDYF | RDYF RDYF | RDYF
- R R - R R R - R R
Bit Name R/W Reset Value Function
31: 10 Res - - Res
LSE Clock Safety System (CSS) interrupt flag.
This register is set when the hardware fails to detect the
LSE OSC clock.
9 LSECSSF R 0
0: LSE clock detection failure interrupt not generated;
1: LSE clock detection failure interrupt generated;
Write LSECSSC register 1 to clear this bit.
8 CSSF R 0 HSE Clock Safety System Interrupt Identification Bit.
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Bit Name R/W Reset Value Function
This register is set when the hardware fails to detect the
HSE OSC clock.
0: HSE clock detection failure interrupt not generated,;
1: HSE clock detection failure interrupt generated,;
Write CSSC register 1 to clear this bit.

7: 6 Res - - Res

PLL ready to interrupt flag.
Hardware sets this register when PLL lock and
PLLRDYDIE=1.

5 PLLRDYF R 0
0: PLL lock interrupt not generated,;
1: PLL lock interrupt generation;
Write PLLRDYC register 1 to clear this bit.
HSE ready interrupt identification bit
This bit is set by hardware when HSE is stable and HSER-
DYIE is enabled. The software clears this bit by setting the

4 HSERDYF R 0 HSERDYC bit.
0: No clock ready interrupt caused by HSE
1: There is a clock ready interrupt caused by HSE
Write HSERDYC register 1 to clear this bit
HSI clock ready interrupt flag.
Hardware sets this register when the HSI clock is stable
and HSIRDYIE=1.

3 HSIRDYF R 0
0: HSI clock ready interrupt not generated;
1: HSI clock ready interrupt generation;
Write HSIRDYC register 1 to clear this bit.

2 Res - - Res
LSERDY clock ready interrupt flag.
Hardware sets this register when the LSE clock is stable
and LSERDYDIE=1.

1 LSERDYF R 0
0: LSERDY clock ready interrupt not generated;
1: LSERDY clock ready interrupt generated;
Write LSERDYC register 1 to clear this bit.
LSI Ready Interrupt Identifier Bit
This bit is set by hardware when the LSl is stable and
LSIRDYIE is enabled. Software clears this bit by setting

0 LSIRDYF R 0 the LSIRDYC bit.

0: No clock ready interrupts caused by LSIs

1: There is a clock ready interrupt caused by the LSI

Write LSIRDYC register 1 to clear this bit.
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8.5.8. 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LSE PLL HSE HSI LSE LSI
Res CSSsC Res Res
CSSC RDYC | RDYC | RDYC RDYC | RDYC
w W W W W W W
Bit Name R/W Reset Value Function
31: 10 Res - - Res
LSE Clock Safety System (CSS) interrupt flag cleared.
LSECSSC w 0 0: no effect
1: Clear the LSECSSF flag
Clock safety interrupt clear bit.
CssC w 0 0: no effect
1: Clear the CSSF flag bit
7: Res - - Res
PLL ready to interrupt flag cleared.
PLLRDYC W 0 0: no effect
1: Clear the PLLRDYF flag
The HSE ready flag is cleared.
HSERDYC w 0 0: no effect
1: Clear the HSERDYF bit
The HSI ready flag is cleared.
HSIRDYC w 0 0: no effect
1: Clear the HSIRDYF bit
Res - - Res
The LSE ready to interrupt flag is cleared.
LSERDYC w 0 0: no effect
1: Zeroing the LSERDYF flag
The LSl ready flag is cleared.
LSIRDYC w 0 0: no effect
1: Clear the LSIRDYF bit
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8.5.9. 1/0 Interface Reset Register (RCC IOPRSTR)

Address offset: 0x24
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 GPIO | GPIOB | GPIOA
Res Res Res Res Res Res Res Res Res Res Res Res
RST CRST | RST RST
- - - - - - - - - - RW - - RW RW RW
Bit Name R/W Reset Value Function
31: 6 Res - - Res
I/O Port F reset.
5 GPIOFRST RW 0 0: no effect
1: Port F 1/O Reset
4: 3 Res - - Res
I/O Port C reset.
2 GPIOCRST RW 0 0: no effect
1: Port C I/O Reset
I/O Port B reset.
1 GPIOBRST RW 0 0: no effect
1: Port B I/O Reset
I/O Port A reset.
0 GPIOARST RW 0 0: no effect
1: Port A I/O Reset

8.5.10. AHB Peripheral Reset Register (RCC_AHBRSTR)

Address offset: 0x28
Reset value: 0x0000 0000

This register is set and cleared by software. After the software is set, the module maintains the reset until the

software clears the reset to zero.

31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
DIV
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
RST
- - - - - - - RW - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
Res Res Res CRC Res Res Res Res Res Res Res Res Res Res Res DMA
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RST RST
- - - RW - - - - - - - - - - - RW
Bit Name R/W Reset Value Function
31: 25 Res - - Res

Divider module reset.
24 DIVRST RW 0 0: no effect

1: Divider module reset

23: 13 Res Res

CRC module reset.
12 CRCRST RW 0 0: no effect
1: CRC module reset

11: 9 Res - - Res
8:1 Res - - Res
DMA Reset.
0 DMARST RW 0 0: no effect

1: DMA module reset

8.5.11. APB Peripheral Reset Register 1 (RCC_APBRSTR1)

Address offset: 0x2C
Reset value: 0x0000 0000
This register is set and cleared by software. After the software is set, the module maintains the reset until the

software clears the reset to zero.

31 30 29 28 27 26 25 24 23 22 21 20
LPTIM OPA DAC PWR CTC CAN USB 12C2 12C1
Res Res Res
RST RST RST RST RST RST RST RST RST
RW RW RW RW RW - RW - RW RW RW -
19 18 17 16 15 14 13 12 11 10 9 8
RTC
USART4 USART3 USART2 SPI2 WWDG
Res Res Res Res APB Res Res
RST RST RST RST RST
RST
RW RW RW - - RW - - RW RW - -
7 6 5 4 3 2 1 0
TIM7 TIM6 TIM3 TIM2
Res Res Res Res
RST RST RST RST
- - RW RW - RW RW
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Bit

Name

R/W

Reset Value

Function

31

LPTIMRST

RW

LPTIM module reset.
0: no effect

1: The module resets

30

OPARST

RW

OPA module reset.
0: no effect

1: The module resets

29

DACRST

RW

DAC module reset.
0: no effect

1: The module resets

28

PWRRST

RW

Power interface module reset.
0: no effect

1: The module resets

27

CTCRST

RW

CTC module reset.
0: no effect

1: The module resets

26

Res

Res

25

CANRST

RW

CAN module reset.
0: no effect

1: The module resets

24

Res

Res

23

USBRST

RW

USB module reset.
0: no effect

1: The module resets

22

I2C2RST

RW

12C2 module reset.
0: no effect

1: The module resets

21

I2C1RST

RW

12C1 module reset.
0: no effect

1: The module resets

20

Res

Res

19

USART4RST

RW

USART4 module reset.
0: No effect;

1: The module resets

18

USART3RST

RW

USART3 module reset.
0: no effect

1: The module resets

17

USART2RST

RW

USART2 module reset.

0: no effect
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Bit Name R/W Reset Value Function
1: The module resets
16: 15 Res - Res
SPI2 module reset.
14 SPI2RST RW 0 0: no effect
1: The module resets
13: 12 Res - Res
WWDG module reset.
11 WWDGRST RW 0 0: no effect
1: The module resets
RTC module APB reset.
10 RTCAPBRST RW 0 0: no effect
1: The module resets
9: 6 Res - Res
TIM7 module reset.
5 TIM7RST RW 0 0: no effect
1: The module resets
TIM6 module reset.
4 TIMBRST RW 0: No effect;
1: The module resets
3:2 Res - Res
TIM3 module reset.
1 TIM3RST RW 0: no effect
1: The module resets
TIM2 module reset.
0 TIM2RST RW 0: no effect
1: The module resets

8.5.12. APB Peripheral Reset Register 2 (RCC APBRSTR2)

Address offset: 0x30
Reset value: 0x0000 0000

This register is set and cleared by software. After the software is set, the module maintains the reset until the

software clears the reset to zero.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCD COMP3 | COMP2 COMP1 TIM17 TIM16 | TIM15
Res Res
RST RST RST RST RST RST RST
RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIM14 USART1 Res | SPI1 | TIM1 MCUDBG ADC | Res Res SYS
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RST RST RST RST RST RST CFG
RST
RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 24 Res - - Res
LCD module reset.
23 LCDRST RW 0 0: no effect
1: The module resets
COMP3 module reset.
22 COMP3RST RW 0 0: no effect
1: The module resets
COMP2 module reset.
21 COMP2RST RW 0 0: no effect
1: The module resets
COMP1 module reset.
20 COMP1RST RW 0 0: no effect
1: The module resets
19 Res - - Res
TIM17 module reset.
18 TIM17RST RW 0 0: no effect
1: The module resets
TIM16 module reset.
17 TIM16RST RW 0 0: no effect
1: The module resets
TIM15 module reset.
16 TIM15RST RW 0 0: no effect
1: The module resets
TIM14 module reset.
15 TIM14RST RW 0 0: no effect
1: The module resets
USART1 module reset.
14 USART1RST RW 0 0: no effect
1: The module resets
13 Res - - Res
SPI1 module reset.
12 SPILRST RW 0 0: no effect
1: The module resets
11 TIM1RST RW 0 TIM1 module reset.
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Bit Name R/W Reset Value

Function

0: no effect

1: The module resets

10 MCUDBGRST RW 0

MCU Debug module reset.
0: no effect

1: The module resets

9 ADCRST RW 0

ADC module reset.
0: no effect

1: The module resets

Res - -

Res

0 SYSCFGRST RW 0

SYSCFG module reset.
0: no effect

1: The module resets

8.5.13.1/0 interface clock enable register (RCC_ IOPENR)

Address offset: 0x34
Reset value: 0x0000 0000

This register is set and cleared by software.

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 GPIOC | GPIOB | GPIOA
Res Res Res Res Res Res Res Res Res Res Res Res
EN EN EN EN
- - - - - - - - - - RW - - RW RW RW
Bit Name R/W Reset Value Function
31: 6 Res - - Res
I/O Port F Clock Enable.
5 GPIOFEN RW 0 0: Clock disabled
1: Clock Enable
4: 3 Res - - Res
I/O Port C Clock Enable.
2 GPIOCEN RW 0 0: Clock disabled
1: Clock Enable
I/O Port B clock enable.
1 GPIOBEN RW 0 0: Clock disabled
1: Clock Enable
0 GPIOAEN RW 0 I/O Port A clock enable.
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0: Clock disabled
1: Clock Enable

8.5.14. AHB Peripheral Clock Enable Register (RCC_AHBENR)

Address offset: 0x38

Reset value: 0x0000 0300

This register is set and cleared by software.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res DIVEN Res Res Res Res Res Res Res Res
B B B, B B B RW B B B B - B
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRC SRAM | flash DMA
Res Res Res Res Res Res Res Res Res Res Res Res
EN EN EN EN
- - - RW - RW RW - - - - - RW
Bit Name R/W Reset Value Function
31: 25 Res - - Res
Divider module clock enable.
24 DIVEN RW 0 0: Prohibited
1: Enabling
23: 13 Res - - Res
CRC module clock enable.
12 CRCEN RwW 0 0: Prohibited
1: Enabling
11: 10 Res - - Res
In Sleep mode, the SRAM clock enable control
0: In Sleep mode the module is clocked off
1: In Sleep mode, the module clock is enabled.
9 SRAMEN RW 1
Note: This bit only affects the clock enable of the module
in Sleep mode; in Run mode, the module clock is not
turned off.
Clock enable control for Flash in Sleep mode
0: In Sleep mode the module is clocked off
1: In Sleep mode, the module clock is enabled.
8 FLASHEN RW 1
Note: This bit only affects the clock enable of the module
in Sleep mode; in Run mode, the module clock is not
turned off.
7:1 Res - - Res
0 DMAEN RW 0 DMA module clock enable.
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Bit Name R/W Reset Value

Function

0: Prohibited

1: Enabling

8.5.15. APB Peripheral Clock Enable Register 1 (RCC_ APBENR1)

Address offset: 0x3C
Reset value: 0x0000 0000

This register is set and cleared by software.

31 30 29 28 27 25 24 23 22 21
LPTIM PWR 12C1
OPAEN DACEN CTCEN Res CANEN Res USBEN 12C2EN
EN EN EN
RW RW RW RW RW RW - RW RW RW
20 19 18 17 16 14 13 12 11 10

USART4E USART3E USART2E WWDG TIM-
Res Res Res SPI2EN Res Res
N N N EN DIV_EN
RW RW RW RW - - RW
9 8 7 6 5 3 2 1 0
TIM3
Res Res Res Res TIM7EN TIMGEN Res Res TIM2EN
EN
RW - - RW RW RW RW
Bit Name R/W Reset Value Function
LP Timerl module clock enable.
31 LPTIMEN RW 0 0: Prohibited
1: Enabling
OPA module clock enable.
30 OPAEN RW 0 0: Prohibited
1: Enabling
DAC module clock enable.
29 DACEN RW 0 0: Prohibited
1: Enabling
Low power control module clock enable.
28 PWREN RW 0 0: Prohibited
1: Enabling
CTC module clock enable.
27 CTCEN RW 0 0: Prohibited
1: Enabling
26 Res - - Res
25 CANEN RW 0 CAN module clock enable.
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Bit

Name

R/W

Reset Value

Function

0: Prohibited
1: Enabling

24

Res

Res

23

USBEN

RW

USB module clock enable.
0: Prohibited
1: Enabling

22

I2C2EN

RW

12C2 module clock enable.
0: Prohibited
1: Enabling

21

I2C1EN

RW

12C1 module clock enable.
0: Prohibited
1: Enabling

20

Res

Res

19

USART4EN

RW

USART4 module clock enable.
0: Prohibited
1: Enabling

18

USART3EN

RW

USART3 module clock enable.
0: Prohibited
1: Enabling

17

USART2EN

RW

USART2 module clock enable.
0: Prohibited

1: Enabling

16: 15

Res

Res

14

SPI2EN

RW

SPI2 module clock enable.
0: Prohibited
1: Enabling

This register is cleared by a hardware system reset.

13: 12

Res

Res

11

WWDGEN

RW

Window WDG module clock enable.
0: Prohibited
1: Enabling

This register is cleared by a hardware system reset.

10

TIMDIV_EN

RW

TIMER PCLK frequency control.
0: TIMER PCLK is system PCLK*2, but the frequency will
not exceed HCLK

1: TIMER PCLK for system PCLK*1

Res

Res

TIM7EN

RW

TIM7 module clock enable.
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Bit

Name

R/W

Reset Value

Function

0: Prohibited
1: Enabling

TIMGEN

RW

0: Prohibited
1: Enabling

TIM6 module clock enable.

Res

Res

TIM3EN

RW

0: Prohibited
1: Enabling

TIM3 module clock enable.

TIM2EN

RW

0: Prohibited
1: Enabling

TIM2 module clock enable.

8.5.16. APB Peripheral Clock Enable Register 2 (RCC APBENRZ2)

Address offset: 0x40
Reset value: 0x0000 0001

This register is set and cleared by software.

31 30 29 28 27 26 25 24 23 22 21
Res Res Res Res Res Res Res Res LCDEN COMP3EN COMP2EN
RW RW RwW
20 19 18 17 16 15 14 13 12 11 10
TIM17 TIM16 TIM15 TIM14 USART1E MCUD-
COMP1EN Res Res SPILEN TIMLEN
EN EN EN EN N BGEN
RW RW RW RW RW RW RW RW RwW
9 8 7 6 5 4 3 2 1 0
ADCEN Res Res Res Res Res Res Res Res SYSCFGEN
RW RW
Bit Name R/W Reset Value Function
31: 24 Res - - Res
LCD module clock enable.
23 LCDEN RW 0 0: Prohibited
1: Enabling
COMP3 module clock enable.
22 COMP3EN RW 0 0: Prohibited
1: Enabling
COMP2 module clock enable.
21 COMP2EN RW 0
0: Prohibited
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Bit Name R/W Reset Value Function

COMP1 module clock enable.
20 COMP1EN RW 0 0: Prohibited
19 Res - -

TIM17 module clock enable.
18 TIM17EN RW 0 0: Prohibited

TIM16 module clock enable.
17 TIM16EN RW 0 0: Prohibited

TIM15 module clock enable.
16 TIM15EN RW 0 0: Prohibited

TIM14 module clock enable.
15 TIM14EN RW 0 0: Prohibited

USART1 module clock enable.
14 USARTI1EN RW 0 0: Prohibited
13 Res - -

SPI1 module clock enable.
12 SPIEN RW 0 0: Prohibited

TIM1 module clock enable.
11 TIM1EN RW 0 0: Prohibited

MCUDBG module clock enable.
10 MCUDBGEN RW 0 0: Prohibited

ADC module clock enable.
9 ADCEN RW 0 0: Prohibited

8:1 Res - -

SYSCFG module clock enable.

0 SYSCFGEN RW 1 0: Prohibited

99/755



PY32F07X Reference Manual

8.5.17. Peripheral Independent Clock Configuration Register (RCC_CCIPR)

Address offset: 0x54
Reset value: 0x0000 0000

This register is set and cleared by software.

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

LPTIM1SEL
Res
[1: O]

Res

Res

- RwW RwW

15 | 14

13

12 11

10

4 3 2

Res

Res Res

COMP3

SEL

COMP2

SEL

COMP1

SEL

PVD

SEL

CAN

SEL

Res

Res Res Res

Res

Res

RW

RW

RW

RW

RW

Bit

Name

R/W

Reset Value

Function

31: 20

Res

Res

19: 18

LPTIMSEL[1:0]

RW

2’b00

LPTIM1 internal clock source selection.

00: PCLKO1: LSI10: No clock1l: LSE

17: 11

Res

Res

10

COMP3SEL

RW

COMP3 module clock source selection.

0: PCLK

1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: Configure the selection of the LSC clock before

enabling COMP3_FR.FLTEN.

COMP2SEL

RW

COMP2 module clock source selection.

0: PCLK

1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: Configure the selection of the LSC clock before

enabling COMP2_FR2.FLTEN.

COMP1SEL

RW

COMP1 module clock source selection.

0: PCLK

1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: Configure this register to select the clock before

enabling COMP1_FR1.FLTEN.

PVDSEL

RW

PVD detect clock source selection.

0: PCLK

1: LSC (clock after RCC_BDCR.LSCOSEL selection)
Note: When PCLK is selected for the clock source,

PWR_CR1.FLTEN needs to be configured to 0. If
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Bit Name R/W Reset Value Function
FLTEN is enabled, the LSC clock must be selected and
the LSC clock must be configured to be selected before
FLTEN is enabled.
CAN module clock source selection.

6 CANSEL RW 0 0: PLL
1: HSE

5: 0 Res - - Res

8.5.18. RTC Domain Control Register (RCC BDCR)

Address offset: 0x5C
Reset value: 0x0000 0000, reset by POR/BOR

When this register is accessed consecutively, 0 < wait state < 3.

31 30 29 28 | 27 26 25 24 23 22 21 20 19 18 17 16
LSCO | LSC
Res Res Res Res Res | Res Res Res BDRST
SEL OEN
- RW RW | RW - - - - - - RW
15 14 13 12 | 11 10 9 8 7 6 5 4 3 2 1 0
LSE
RTC LSEC LSE- | LSER
Res RTCSEL [1:0] Res | CSS Res | Res LSEON
EN SSON BYP DY
D
RW - RW RW - R RW - - RW R RW
Bit Name R/W Reset Value Function
31: 26 Res - - Res
Low-speed clock selection.
25 LSCOSEL RW 0 0: LSI
1. LSE
Low-speed clock enable.
24 LSCOEN RW 0 0: Prohibited
1: Enabling
23: 17 Res - - Res
RTC domain soft reset.
16 BDRST RW 0 0: no effect
1: Reset
RTC Clock Enable. Software setting or clearing.
15 RTCEN RW 0 0: Prohibited
1: Enabling
14: 10 Res - - Res

101/755



PY32F07X Reference Manual

Bit

Name

R/W

Reset Value

Function

RTCSEL [1:0]

RW

RTC clock source selection.

00: No clock01: LSE10: LSI11: HSE 128 divisions
Once the RTC clock source is selected it cannot be
changed except in the following cases:

1. RTC domainis resetto 00

2. Select LSE (LSECSSD=1) but no LSE

Res

Res

LSECSSD

CSS failed to detect LSE.

This bit is set by hardware to indicate that the CSS has
failed to detect the 32.768 kHz OSC (LSE).

0: LSE failure not detected

1: Failure to detect LSE

LSECSSON

RW

The CSS enables the LSE clock.

0: Prohibited;

1: Enable;

Note: LSEON=1 and LSERDY=1 must be present to ena-
ble LSECSSON.

Once this bit is enabled, it cannot be disabled unless

LSECSSD=1.

Res

Res

LSEBYP

RW

LSE OSC bypass

0: no bypass, low-speed external clock selects crystal; 1:
bypass, low-speed external clock selects external inter-
face input clock;

Note: This bit can only be written if the external 32.768
kHz OSC is disabled (LSEON=0 and LSERDY=0).

LSERDY

LSE OSC ready.
Hardware configuration of this bit to 1 indicates that the

LSE clock is ready.

LSEON

RW

LSE OSC Enable.
0: Prohibited

1: Enabling

8.5.19. Control/Status Register (RCC CSR)

Address offset: 0x60

Reset value: 0x0800 0000

The reset flag bit in this register can only be reset by power reset, the others are reset by the system.

When this register is accessed consecutively, 0 < wait state < 3.
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31 30 29 28 27 26 25 24 23 22 21
WWDG IWDG SFT PWR PIN OBL
Res Res RMVF Res Res
RSTF RSTF RSTF RSTF RSTF RSTF
- R R R R R R - RW - -
20 19 18 17 16 15 14 13 12 11
Res Res Res Res Res Res Res Res Res Res
10 9 8 7 6 4 & 2 1 0
PINRST LSI
Res Res Res Res Res Res Res Res LSION
_FLTDIS RDY
- - RW - - - - - R RW
Bit Name R/W Reset Value Function
31 Res - - Res
Window WDG reset flag.
30 WWDGRSTF R 0
RMVF set to 1 clears this bit.
IWDG reset flag.
29 IWDGRSTF R 0
RMVF set to 1 clears this bit.
Soft reset flag.
28 SFTRSTF R 0
RMVF set to 1 clears this bit.
BOR/POR/PDR reset flag.
27 PWRRSTF R 1
RMVF set to 1 clears this bit.
External NRST pin reset flag.
26 PINRSTF R 0
RMVF set to 1 clears this bit.
Option byte loader reset flag.
25 OBLRSTF R 0
RMVF set to 1 clears this bit.
24 Res - - Res
23 RMVF RW 0 A software set 1 is required to clear the [30:25] reset flag.
22 Res - - Res
NRST filter width 40 us prohibited
0: HSI_10M is enabled and the filter 40 ys width function
8 PINRST_FLTDIS RW 0 is enabled.
1: Filter function disabled, synchronized to system clock to
generate system reset
7. 2 Res - - Res
LSI OSC stabilization flags.
1 LSIRDY R 0 0: LSI not stabilized
1: LSI has been stabilized
0 LSION RW 0 LSI OSC Enable.
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Bit Name R/W Reset Value Function

0: Prohibited
1: Enabling
Hardware turns on the analog LS| case:

1. Hardware IWDG Enable

2. LSECSS Enable
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9.Clock Calibration Controller (CTC)

9.1. Introduction

The Clock Calibration Controller (CTC) uses hardware to automatically calibrate the RC crystal (HSI)
when the internal configuration is 16 MHz, and the PLL (48 MHz) after 3x frequency is used as the
USBD module clock source, and the PLL generated by configuring the HSI to 16 MHz and after 3x
frequency is abbreviated as PLL48M below. For the clock source of the USBD module, the PLL48M
clock frequency must be required to be in the range of 48 MHz + 500 ppm, but an internal crystal that
is not calibrated is not capable of meeting such a high level of accuracy. The CTC module calibrates
the HSI's clock frequency based on an external high-precision reference signal source, and adjusts

the calibration value automatically or manually to obtain an accurate PLL48M clock.

9.2. CTC Main Characteristics

Three external reference signal sources: GPIO, LSE clock, USBD_SOF
Provides software reference synchronization pulses;

Hardware auto-calibration, no software operation required;

16 bits calibrated counter with reference source capture and reload functions;

8 bits clock calibration base for frequency evaluation and auto-calibration;

Flag bits and interrupts to indicate the status of the clock calibration: calibration success status
(CKOKIF), warning status (CKWARNIF) and error status (ERRIF).

9.3. CTC Functional Description

9.3.1. CTC Block Diagram

CTC_PCLK APB BUS
M

' CTC @

Register ‘

REFSEL
l REFPSC SWREFPUL

USBD_SOF
CTC_SYNC > i

ISE  —fF———» (/1,/2, /4+++/128) SN
[ —

A,

HST48M  REF[EBE Ik
CTCHH#i#% | RLVALE |

é REFCAP
TRIM{H

K —————— TRIMH e

REFDIR

(09 WY 11d

Y

CKLIM

Figure 9-1 CTC architecture block diagram
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9.3.2.

9.3.3.

REF Synchronized Pulse Generator

First, the reference signal source is selected by setting the REFSEL bit in the CTC_CTL1 register:
the GPIO, the LSE clock output or USBD_SOF.

The signal polarity during synchronization of the reference source can then be configured by setting
the REFPOL bit in the CTC_CTL1 register, and an appropriate synchronization clock frequency sig-
nal (no greater than 48 kHz) can be generated by setting the REFPSC bit in the CTC_CTL1 register.

If a software reference pulse signal is required, the SWREFPUL bit in the CTC_CTLO register needs
to be set to one. The software reference pulse signal and the external reference pulse signal are fi-

nally subjected to a logical 'or' operation.

CTC Calibration Counter

The CTC clock calibration counter is clocked by the PLL48M. After setting the CNTEN bit in the
CTC_CTLO register, when the first REF synchronization pulse signal is detected, the counter starts
counting down from the RLVALUE value (RLVALUE is defined in the CTC_CTL1 register). Each time
the REF synchronization pulse signal is detected, the counter reloads the RLVALUE value and also
restarts counting down. If the REF sync pulse signal is never detected, the counter counts down to
zero, then up to 128 x CKLIM (CKLIM is defined in CTC_CTL1), and finally stops until the next REF
sync pulse signal is detected. Once the REF synchronization pulse signal is detected, the count
value of the current CTC calibration counter is captured and deposited into the REFCAP bit in
CTC_SR, while the count direction of the current counter is deposited into the REFDIR bit in

CTC_SR. Details are shown below.

R
 §

RLVALUE

128xCKLIM

3xCKLIM

CKLIM —L‘ ’Jﬁ 3‘
alln .,

TRIMVALUE ] +2 +1 0o | -1 -2 H
CTCIRAS CKERR i CKWARN CKOK CKWARN §RF,FMTSS

Figure 9-2 CTC Calibration Counter
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9.3.4. Frequency evaluation and automatic calibration process

The clock frequency evaluation function starts to execute when the REF synchronization pulse signal
appears. If the REF synchronization pulse signal appears while the counter is counting down, it
means that the current clock frequency is slower than the desired clock frequency (frequency of
48MHz), and the TRIMVALUE value (clock calibration value) in CTC_CTLO needs to be increased. If
the REF synchronization pulse signal occurs while the counter is counting up, it means that the cur-
rent clock frequency is faster than the desired clock frequency and the TRIMVALUE value needs to
be reduced. The CKOKIF bit, the CKWARNIF bit, the CKERR bit and the REFMISS bit in CTC_SR

reflect the status of the frequency evaluation.

If AUTOTRIM (Hardware Auto Calibration Mode) position 1 in CTC_CTLO, Hardware Auto Calibra-
tion Mode is enabled. In this mode, if the REF synchronization pulse signal appears during the down-
ward count of the counter, indicating that the current clock frequency is slower than the desired clock
frequency, the TRIMVALUE value in CTC_CTLO is automatically increased to increase the current
clock frequency. Conversely, if the REF synchronization pulse signal occurs while the counter is
counting up, indicating that the current clock frequency is faster than the desired clock frequency, the

TRIMVALUE value is automatically reduced, thus decreasing the current clock frequency.

B The REF synchronization pulse signal is detected when Counter < CKLIM:

The CKOKIF bit (Clock Calibration Success Flag Bit) in CTC_SR is set, and at the same time, if
the CKOKIE bit (Clock Calibration Completed Interrupt Enable Bit) in CTC_CTLO is setto 1, an
interrupt will be generated. If AUTOTRIM in CTC_CTLO is set to 1, the TRIMVALUE value in
CTC_CTLO remains unchanged.

B The REF synchronization pulse signal is detected when CKLIM < Counter < 3 x CKLIM:

The CKOKIF bit in CTC_SR is set, and at the same time, an interrupt will be generated if the
CKOKIE bit in CTC_CTLO is 1. If the AUTOTRIM position in CTC_CTLO is 1, the TRIMVALUE
value in CTC_CTLO will be increased by 1 during the counter down count and decreased by 1
during the count up count.

B The REF synchronization pulse signal is detected when 3 x CKLIM < Counter < 128 x CKLIM:
The CKWARNIF bit (Clock Calibration Warning Interrupt Bit) in CTC_SR is set, and at the same
time, if the CKWARNIE bit (Clock Calibration Warning Interrupt Enable Bit) in CTC_CTLO is set
to 1, an interrupt will be generated. If the AUTOTRIM position in CTC_CTLO is 1, the
TRIMVALUE value in CTC_CTLO will be increased by 2 during the downward counter count and
decreased by 2 during the upward count.

B Counter 2 128 x CKLIM, the counter detects the REF synchronization pulse signal during the
downward count:

The CKERR bit (clock calibration error bit) in CTC_SR is set, and an interrupt will be generated
if the ERRIE bit (error interrupt enable bit) in CTC_CTLO is set to 1. The TRIMVALUE value in
CTC_CTLO is unchanged.

B Counter = 128 x CKLIM, the counter is in the process of counting up:
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9.3.5.

9.4.

9.4.1.

The REFMISS bit (REF Synchronization Pulse Loss Bit) in CTC_SR is set, and at the same

time, an interrupt will be generated if the ERRIE bit in CTC_CTLO is 1. The TRIMVALUE value

in CTC_CTLO is unchanged.
If the calibrated value of TRIMVALUE in CTC_CTLO is greater than 127, an overflow event will oc-
cur, and at the same time, if the calibrated value of TRIMVALUE is less than 0, an underflow event
will occur. The value of TRIMVALUE ranges from 0 to 127 (when an overflow event occurs, the
TRIMVALUE value is 127; when an underflow event occurs, the TRIMVALUE value is 0). The
TRIMERR bit (Calibration Value Error bit) in CTC_SR will then be set, and an interrupt will be gener-
ated if the ERRIE bit in CTC_CTLO is set to one.

Software Programming Guide

The RLVALUE bit and the CKLIM bit in CTC_CTL1 are key to clock frequency evaluation and hard-
ware auto-calibration. Their values are calculated from the frequency of the desired clock (PLL: 48
MHZz) and the frequency of the REF synchronization pulse signal. The ideal state is that the REF
synchronization pulse signal occurs when the CTC counter counts to zero, so the value of RLVALUE
is:

RLVALUE = (fclock + fREF) - 1
The value of CKLIM is set by the user according to the accuracy of the clock, and it is generally rec-

ommended to set it to half of the step size, so the value of CKLIM is:
CKLIM = (fclock + fREF) x 0.12% + 2

Typical step values are 0.12%, fclock is the frequency of the desired clock (48 MHz), and fREF is the

frequency of the REF synchronization pulse signal.

TRIMVALUE in CTC_CTLO can be written by software when the AUTOTRIM bit is 0. However, modi-
fication of TRIMVALUE directly affects the frequency of the HSI clock, and therefore, TRIMVALUE
should not be arbitrarily modified by software. It is recommended that the user modifies it in the mid-
dle of two reference signals according to the flag bit judgment (see Frequency Evaluation and Auto-
calibration Procedure for details); or if a reliable value already exists, the user can directly modify the
value of HSI_TRIM in RCC_ICSCR.

CTC Register

CTC control register 0 (CTC CTLO)

Address offset: 0x00
Reset value: 0x0000 4000

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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SWR | AU- CKW
CNT ERE- | ERRI CKO
Res TRIMVALUE6:0] EFP | TO- Res AR-
EN FIE E KIE
UL | TRIM NIE
- RW RW RW RW RW RW RW RW RW RW - RW RW RW RW
Bit Name R/W Reset Value Function
31: 15 Res - - Res
PLL48M Calibration Values.
This bit is set and cleared by software when the AUTO-
TRIM value in CTC_CTLO is 0. This mode is used for the
software calibration process.
When the AUTOTRIM value in CTC_CTLO is 1, this bit is
read-only and is automatically modified by the hardware;
14: 8 TRIMVALUE[6:0] RW | 7’b1000000
this mode is used for the hardware calibration process.
The middle value of TRIMVALUE is 64, and when the
TRIMVALUE value is increased by 1, the PLL48M clock
frequency is increased by approximately 48 kHz. When
the TRIMVALUE value is decremented by 1, the PLL48M
clock frequency is reduced by approximately 48 kHz.
Software generates synchronized reference signal
pulses.
This bit is set by software and provides a synchronized
reference pulse signal for the CTC counter. This bit is au-
7 SWREFPUL RW 0 tomatically cleared by hardware and returns 0 for read
operations.
0: No effect;
1: The software generates a synchronized reference
pulse signal;
Hardware auto-calibration mode.
This bit is set or cleared by software. When this position
is 1, the hardware auto-calibration mode is enabled, and
the TRIMVALUE value in CTC_CTLO is continuously and
6 AUTOTRIM RW 0
automatically modified by hardware until the clock fre-
guency of the PLL48M reaches 48 MHz.
0: Disable hardware auto-calibration mode
1: Enable hardware auto-calibration mode
CTC Counter Enable.
This bit is set or cleared by software to enable or disable
5 CNTEN RW 0

the CTC counter. When this position is 1, the value of

CTC_CTL1 cannot be modified.
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0: Disable CTC counter
1: Enable CTC counter

Res

Res

EREFIE

RW

Expected reference signal interrupt enable.

0: Disable interrupt generation from the desired reference
signal

1: Enable the desired reference signal to generate an in-

terrupt

ERRIE

RW

Error interrupt enable.
0: Disable error interrupt

1: Enable error interrupt

CKWARNIE

RW

Clock calibration warning interrupt enable.
0: Disable clock calibration warning interrupt

1: Enable clock calibration warning interrupt

CKOKIE

RW

Clock calibration completion interrupt enable.
0: Disable clock calibration completion interrupt

1: Enable clock calibration completion interrupt

9.4.2. CTC control register 1 (CTC CTL1)

Address offset: 0x04

Reset value: 0x2022 BB7F

This register can only be accessed by word (32-bit). When CNTEN is 1, the value of this register cannot be

modified.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
REF
Res | REFSEL[1:0] | Res REFPSC [2:0] CKLIM [7:0]
POL
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
RLVALUE [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
Reference signal source polarity.
This bit is set or cleared by software to select the syn-
31 REFPOL RW 0 chronization polarity of the reference signal source.
0: Select rising edge
1: Select falling edge
30 Res - - Res
29: 28 REFSEL [1:0] RW 2'b10 Reference signal source selection.
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This bit is set or cleared by software to select the refer-
ence signal source.

00: Select GPIO input signal

01: Select LSE Clock

10: Select USBD_SOF signal

11: Reservation, option 0

27 Res

Res

26: 24 REFPSC [2:0] RW 3'b000

Reference signal source prescaler.
This bit is set or cleared by software.
000: Reference signal not crossover
001: Reference signal 2 divisions
010: Reference signal 4 divisions
011: Reference signal 8 divisions
100: Reference signal 16 divisions
101: Reference signal 32 crossover frequency
110: Reference signal 64 crossover frequency

111: Reference signal 128 crossover frequency

23: 16 CKLIM [7:0] RW 0x22

Clock calibration time base limits.
This bit is set or cleared by software to define the clock
calibration time base limit. This bit is used for frequency

evaluation and automatic calibration processes.

15: RLVALUE [15:0] RW O0xBB7F

CTC Counter reload value.
This bit is set or cleared by software to define the CTC
counter reload value that will be reloaded into the CTC

calibration counter when a synchronization reference

pulse is detected.

9.4.3. CTC Status Register (CTC SR)

Address offset: 0x08
Reset value: 0x0000 8000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
REFCAP [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
CKW
REF TRIM | REF CKE ERE- | ERRI CKO
Res Res Res Res Res Res Res Res AR-
DIR ERR | MISS RR FIF F KIF
NIF
R - - - - R R R - - - - R R R R
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Bit

Name

R/W

Reset Value

Function

31: 16

REFCAP [15:0]

CTC Counter Capture Value.
When a synchronized reference pulse signal is detected,
the count value in the CTC calibration counter is depos-

ited into the REFCAP bit.

15

REFDIR

CTC Calibrates the clock count direction.

When a synchronized reference pulse signal is detected,
the count direction of the CTC calibration counter is
stored in the REFDIR bit.

0: count up

1: Counting down

14: 11

Res

Res

10

TRIMERR

Calibration value error bit.

This bit is set by hardware when an overflow or under-
flow of the TRIMVALUE value in CTC_CTLO occurs. If
ERRIE in CTC_CTLO is position 1, an interrupt is gener-
ated. The TRIMERR bit can be cleared to zero by writing
a 1 to the ERRIC bit in CTC_INTC.

0: No calibration value error occurs

1: Calibration value error occurred

REFMISS

Synchronization reference pulse signal is lost.

This bit is set by hardware when the synchronization ref-
erence pulse signal is lost. REFMISS position bit when
the CTC calibration counter does not detect a synchroni-
zation reference pulse signal for 128 x CKLIM counted
during incremental counting. Indicates that the current
clock is too fast to calibrate to the desired frequency
value, or some other error has been generated. The
REFMISS bit can be cleared to zero by writing a 1 to the
ERRIC bitin CTC_INTC.

0: No synchronization reference pulse signal loss

1: Loss of synchronization reference pulse signal

Note: To prevent the flag bit from being set again after
clearing REFMISS and the concurrent ERRIF, the
CNTEN bit can be cleared and the ERRIC bit can be

written repeatedly until the flag bit is no longer set.

CKERR

Clock calibration error bit.
This bit is set by hardware when a clock calibration error

is generated. When the CTC Calibration Counter count

value is greater than or equal to 128 x CKLIM during a
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Bit Name R/W Reset Value Function

decrement count and a synchronization reference pulse
signal is detected, CKERR is set, indicating that the cur-
rent clock is too slow to calibrate to the desired fre-
guency value. An interrupt is generated when ERRIE in
CTC_CTLO is set to 1. The CKERR bit can be cleared to
zero by writing a 1 to the ERRIC bit in CTC_INTC.

0: No clock calibration error occurs

1: Clock calibration error occurred

7.4 Res - - Res

Expected reference interrupt flag bit.

When the CTC calibration clock counter counts to 0, a
reference signal is detected and this bit is set by hard-
ware. An interrupt is generated when EREFIE in

3 EREFIF R 0
CTC_CTLO is set to 1. The EREFIF bit can be cleared to
zero by writing a 1 to the EREFIC bitin CTC_INTC.

0: No desired reference signal generation

1: Expected reference signal generation

Error interrupt flag bit.

This bit is set by hardware when an error occurs. This
position bit whenever a TRIMERR, REFMISS or CKERR
error occurs. An interrupt is generated when ERRIE in

2 ERRIF R 0
CTC_CTLO is set. The ERRIF bit can be cleared to zero
by writing a 1 to the ERRIC bitin CTC_INTC.

0: No error occurred

1: An error occurred

Clock calibration warning interrupt flag bit.

This bit is set by hardware when a clock calibration
warning is generated. CKWARNIF is set when the CTC
Calibration Counter count value is greater than or equal
to 3XCKLIM and less than 128xCKLIM and a synchro-
nized reference pulse signal is detected. This indicates
that the current clock frequency is too slow or too fast,
1 CKWARNIF R 0
but can be calibrated to achieve the desired frequency
value. When a clock calibration warning is generated,
the TRIMVALUE value is increased or decreased by 2.
An interrupt is generated when CKWARNIE in
CTC_CTLO is set to 1. The CKWARNIF bit can be

cleared to zero by writing a 1 to the CKWARNIC bit in

CTC_INTC.
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Bit Name R/W Reset Value Function

0: No clock calibration warning occurs

1: A clock calibration warning occurs

Clock calibration success interrupt flag bit.

This bit is set by hardware when the clock calibration is
successful. If a synchronization reference pulse signal is
detected when the CTC calibration counter count value
is less than 3 x CKLIM, CKOKIF is set. Indicates that the
current clock frequency is normal and can be used with-
0 CKOKIF R 0
out clock calibration by the TRIMVALUE value. An inter-
rupt is generated when CKOKIE in CTC_CTLO is set to
1. The CKOKIF bit can be cleared to zero by writing a 1
to the CKOKIC bitin CTC_INTC.

0: Clock calibration unsuccessful

1: Clock calibration successful

9.4.4. CTC interrupt clear register (CTC INTC)

Address offset: 0x0C
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

ERE- ERR | CKWAR | CKOK
Res Res Res Res Res Res Res Res Res Res Res Res

FIC IC NIC IC
- - - - - - - - - - - - w w w w
Bit Name R/W Reset Value Function
31: 4 Res - - Res
EREFIF Interrupt clear bit.
This bit can only be written by software; read operations
3 EREFIC w 0
return 0. A write of 1 clears the EREFIF bit in CTC_SR;
a write of 0 has no effect.
ERRIF Interrupt clear bit.
This bit can only be written by software; read operations
2 ERRIC W 0 return 0. A write of 1 clears the ERRIF bit, the TRIMERR
bit, the REFMISS bit, and the CKERR bitin CTC_SR; a
write of 0 has no effect.
1 CKWARNIC w 0 CKWARNIF interrupt clear bit.
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This bit can only be written by software; read operations
return 0. A write of 1 clears the CKWARNIF bit in
CTC_SR; a write of 0 has no effect.

CKOKIC

CKOKIF Interrupt clear bit.
This bit can only be written by software; read operations
return 0. Writing 1 clears the CKOKIF bit in CTC_SR,

writing O has no effect.
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10.

10.1.

10.2.

10.3.

General Purpose I/0O (GPIO)

Introduction

The GPIO contains PA[15:0], PB[15:0], PC[15:0] and PF[9:0] for each GPIO port:

Four 32-bit configuration registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR,
GPIOX_PUPDR)

Two 32-bit data registers (GPIOx_IDR and GPIOx_ODR)

1 32-bit bit/reset register (GPIOx_BSRR)

1 32-bit latched register (GPIOXx_LCKR)

2 multiplexing function selection registers (GPIOx_AFRH and GPIOx_AFRL)

1 32-bit reset register (GPIOx_BRR)

General Purpose 10 Functional Description

Registers support Fast 10 / AHB bus reads and writes

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

Data register (GPIOx_ODR) or peripheral (multiplexed function output) data outputs
Speed selectable per 1/0O

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

Data input to input data register (GPIOx_IDR) or peripheral (multiplexed function input)
Position Bit/Reset Register (GPIOx_BSRR), allows bit write access to GPIOx_ODR
The locking mechanism (GPIOx_LCKR) freezes the 1/0O port configuration function
analog function

Multiplexing function selection register (up to 16 multiplexing functions per 10 port)
Ability to flip quickly in a single cycle

Highly flexible I/O multiplexing enables I/O ports to function as GPIOs or as interfaces to various

peripherals.

General Purpose 10 Functional Description

Each bit of each GPIO can be configured in several modes through software programming:

Input Float

Input pull-up

Input Dropdown

analog input

Open-drain output with pull-up or pull-down
Push-pull output with pull-up or pull-down
Push-pull with pull-up or pull-down multiplexing.

Open drain with pull-down or pull-up multiplexing

Each 1/0O port can be freely programmed; however, the 1/O port registers must be accessed as full

words, half words, or bytes. The GPIOx_BSRR and GPIOx_BRR registers allow independent access
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for read/change of any GPIOx_ODR register. This way, there is no danger of generating an IRQ be-

tween read and change accesses.

The following figure gives the basic structure of an I/O port (1bit)

Analog input/output
To on-chip peripherals,
power control and EXTI o e K
Digital input } 1
< |
| |
|
! i
| |
3 \ !
a | On/off } VDD
¥ |
Read - | I
“ g ‘ ~ }
o | <
5 = } ‘ TTL Schmitt Trigger | On/off ‘
2 1 I |
o} &) heutdriver ]
. 9]
Write = ! ’ D
4 | Output driver
2 | 1/0 pad
< | pa
~ L
< % . I on/off | £
7] S O |
s £ 5 |
Read/write L | & ® } | | Output
bt
. , 8 } control
| _
From on-chip . |
. Alternate function output |
peripheral \L

Figure 10-1 Basic structure of 10 port bits

10.3.1. General Purpose 1/0 (GPIO)

During and after reset, the multiplexing function is not activated and most of the I0s are configured in

analog mode.
The Debug pin is by default placed in multiplexed function pull-up or pull-down mode:

B PA14-SWCLK: placed in pull-down mode

B PA13-SWDIO: placed in pull-up mode

Boot pin is placed in input mode by default, pull-down mode

B PF8-Boot: placed in drop-down mode

When the pin is configured as an output, the value written to the output data register (GPIOx_ODR)
will be output on the I/O pin. The output driver can be used in push-pull mode or open-drain mode

(only low levels can be driven, high levels are highly resistive).
The input data register (GPIOx_IDR) will acquire the level on the I/O pin at each AHB clock.

All GPIO pins have internal weak pull-up and weak pull-down resistors, which can be used to enable

or disable the function via the GPIOx_PUPDR register.

10.3.2. 1/0 pin-multiplexing function multiplexing and mapping

Device I/O ports are connected to board-level peripherals/modules via multiplexers, and a peripheral
can be connected to one IO port at a time via the multiplexing feature. This prevents available periph-

erals on the same 10 port from conflicting.
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Up to 16 multiplexed function inputs (AFO to AF15) for the multiplexer on each 1/O port can be config-
ured through registers GPIOx_AFRL (for pins 0 to 7) and GPIOx_AFRH (for pins 8 to 15).

B Just after reset, the multiplexer defaults to AFO. The multiplexing function mode of the 1/O port is
configured through register GPIOx_MODER

B Refer to the datasheet for the distribution of the multiplexing function for each pin.

In addition to this flexible multiplexer architecture, each peripheral has multiplexing functions that can

be distributed across different I/O ports to optimize the number of peripherals used in a smaller pack-

age.

The user follows the instructions below to configure the 10:

B Debug Functions: After each reset, these debug function pins are the reusable function pins that

are immediately available to the debugger by default.

GPIO: Configure the corresponding I/O port as output, input or analog mode at GPIOx_MODER

Peripheral multiplexing function:

— Register GPIOx_AFRL or GPIOx_AFRH configures the corresponding I/O for multiplexing
function x (x=0..15)

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

— Configure the desired I/O as multiplexed in the GPIOXx_MODER registers

— Bus read/write function: GPIO module not only supports Fast IO to read/write GPIOx regis-
ters, but also supports to read/write registers through AHB bus, the register access method
is selected by GPIO_AHB_SEL bit of SYSCFG module. When GPIO_AHB_SEL bit is 0, the
GPIOX registers can only be accessed via Fast 10; when GPIO_AHB_SEL is 1, the GPIOx
registers can only be accessed via the AHB bus.

— The AHB bus access to GPIO registers supports DMA in addition to CPU, i.e., DMA can
directly access GPIO registers via the AHB bus.

B Additional features

— The ADC and COMP functions are enabled in the registers of the ADC and COMP modules,
regardless of the mode in which the 10 port is configured. When the IO port is used as ADC
or COMP, the port needs to be configured to analog mode via register GPIOx_MODER

— For additional crystal functions, configure the respective functions in the corresponding PWR
and RCC module registers. These configurations have a higher priority than the standard

GPIO configurations.

10.3.3.1/0 Control Registers

Each GPIO port has four 32-bit memory-mapped control registers (GPIOx_MODER, GPIOx_OTYPER,
GPIOx_OSPEEDR and GPIOx_PUPDR) to configure up to 16 I/O ports. Register GPIOx_MODER is
used to select the I/O mode (input, output, multiplexing, analog). Registers GPIOx_OTYPER and
GPIOx_OSPEEDR are used to select the output type (push-pull or open-drain) and speed. Regardless
of which 1/O direction is used, register GPIOx_PUPDR is used to select pull-up/down.
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10.3.4.

10.3.5.

10.3.6.

I/O Data Register

Each GPIO has two 16-bit memory-mapped data registers: input and output data registers
(GPIOx_IDR and GPIOx_ODR). Register GPIOx_ODR holds the data to be output and is readable
and writable. The input data register (GPIOx_IDR) is used to hold the level status on the I/O port and

is read-only.

I/0 data processing by bit

The Set/Reset Register (GPIOx_BSRR) is a 32-bit register that individually sets and resets each bit of
the Output Data Register (GPIOx_ODR). The number of set/reset register bits is twice the number of
output registers (GPIOx_ODR).

Each bit of GPIOx_ODR corresponds to two control bits of GPIOx_BSRR: BS(i) and BR(i). Bit BS(i)
set to one sets the corresponding bit of GPIOx_ODR to one, and bit BR(i) set to one clears the corre-
sponding bit of GPIOx_ODR to zero.

Writing 0 to any bit of register GPIOXx_BSRR does not affect the corresponding bit of register
GPIOx_ODR. If GPIOx_BSRR clears 0 and sets 1 for a bit at the same time, the set 1 operation has
priority.

Using register GPIOx_BSRR to change the corresponding bit of register GPIOx_ODR has a one-time
effect and does not lock the bit of register GPIOx_ODR. Register GPIOx_ODR can also be accessed

directly. Register GPIOXx_BSRR simply provides a way to handle atomic bit manipulation.

There is no need for software to disable interrupts during bit manipulation of GPIOx_ODR: one or more

bits can be modified in a single atomic AHB write access.

Register GPIOx_LCKR allows freezing of the 10's control registers through a series of special write
timings, including GPIOx_MODER, GPIOx_OTYPER, GPIOx _OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL, and GPIOx_AFRH.

A special write/read timing can operate the register GPIOx_LCKR. When Bit16 of this register is written
with the correct timing, the LCKR[15:0] write value can lock the I/O (the LCKR[15:0] write value re-
mains unchanged during the write timing). When a lock (LOCK) program is performed on a port bit,
the configuration of the port bit cannot be changed again until the next MCU or peripheral reset. Each
bit of GPIOx_LCKR freezes the bit corresponding to the control registers (GPIOx_MODER,
GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL and GPIOx_AFRH).

The LOCK timing can only access the GPIOx_LCKR register by word (32 bits long) because
GPIOx_LCKR bit 16 is set along with the [15:0] bits.

I/0 Multiplexing Function Input/Output Mode Configuration

Two registers per 1/0O can be used to configure the multiplexing function input/output modes. The user

multiplexes the multiplexing function to the 10 port according to the application requirements.
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Many possible peripheral functions can be multiplexed per GPIO port using registers GPIOx_AFRL
and GPIOx_AFRH, so the application lets each 1/O select one of these functions. The AF select signal
is the same for both multiplex function inputs and multiplex function outputs, and separate channels

can be selected for multiplex function inputs/outputs for a given I/O.

10.3.7. External interrupt/wakeup line

All ports have external interrupt capability. In order to use an external interrupt line, the port must be
disabled from being configured in analog mode or as a crystal pin, and input triggering needs to be

enabled.

10.3.8. 1/0 Input Configuration

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

B Output buffer not enabled
B Schmitt trigger input enable
B Enable/disable pull-up and pull-down resistors according to GPIOx_PUPDR registers.
B Data appearing on the 1/0 pins is sampled at each AHB clock into the input data registers
B Read accesses to the input data registers yield I/O states
Analog input/output
To/from on-chip
peripherals, power < ey
control and EXTI | |
- } Input driver }
. w I
g - |
g | | vee
& I //‘ I T
Read = I |
< i ; ~ —e
@
g 2 } ‘ TTL Schmitt Trigger } On/off |
9 3 | |
o = | [
2 =2
Write L ol L T S S
+ = I Output driver I
g ¥ i i 1/0 pad
H g L | On/oft |
2 ] ! i
o ) |
Read/write - 2 } }
R = ! \
© | |
- ‘ ‘ -_—
] I

Figure 10-2 Input float/pull-up/pull-down configurations

10.3.9. 1/0 Output Configuration

When an 1/O port is configured as an output:

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

will activate P-MOS.
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B Schmidt trigger input activated
B Enable/disable pull-up and pull-down resistors according to GPIOx_PUPDR registers.
B Data appearing on the I/O pins is sampled at each AHB clock into the input data registers
B Read accesses to the input data registers yield 1/O states
B Aread access to the output data register gets the value of the subsequent write
Analog input/output
L |Inputdriver ]
To on-chip peripherals, Digital input } }
power control and EXTI | !
|
] 1 |
g ! 1
@ | [ vCe
Read ? } Onﬂ ‘ i
« S ¢ ®
5 I |
g g L ‘ TTL Schmitt Trigger i On/off ‘
k) [ T
"B = :
Write % — | Output driver l‘iﬂ
§ i } 1/0 pad
g % o } i On/off‘
= © 8 ! |
o 5 .0 |
Read/write i §- ai.vo ‘ Output control :
-3 | !
! ! -
From‘ on-chip Alternate function output } Push-pull or }
peripheral }7 777777777 open-drain = | !
Figure 10-3 Output Configuration
10.3.10. Multiplexing Function Configuration

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

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

Signal drive output buffer with built-in peripheral (multiplexed function output)

Schmidt trigger input activated

Enable/disable pull-up and pull-down resistors according to GPIOx_PUPDR registers.

At each AHB clock cycle, data appearing on the 1/O pins is sampled into the input data registers

The I/O port status can be obtained when reading the input data register.
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Analog input/output
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Digital input \ Input driver |
Alternate function input < } }
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Figure 10-4 Multiplexing Function Configuration
10.3.11. Analog Configuration

When the 1/O port is configured in an analog configuration:

The output buffer is disabled;

Disabling Schmitt trigger inputs achieves zero consumption on each analog I/O pin. The Schmitt
trigger output value is forced to ‘0",

Weak pull-up and pull-down resistors are disabled (requires software setting);

The value is "0" when the input data register is read.

Analog input/output

<

To/from on-chip
peripherals, power < e e e
control and EXTI I I
} Input driver }
- | |
2 ! off !
i ! ! vee
& \ //‘ \
Read = I 0 |
— 2 ; N —e
©
") © | . . | On/off
E’ 5 } ‘ TTL Schmitt Trigger } |
o g Lo |
. 2 - | £ maeeseesssss=ss—=== -
Write E _% } Output driver }
§ @D } } 1/0 pad
= T | | On/off |
9} = ' O/ | n/o
£ g | |
Read/write - a } }
S — ! [
8 | | |
I I =
. ] |
Figure 10-5 High Impedance Analog Configuration
10.3.12. Using the HSE/LSE pins as GPIOs

When the HSE or LSE oscillator is turned off (default after reset), the corresponding pin can be used

as a normal GPIO.
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When the HSE or LSE oscillator is turned on (HSEON or LSEON in the RCC_CSR register is set),

software configuration of the corresponding port as an analog port is required.

When the oscillator is configured for user external clock mode, only OSC_IN or OSC32_IN is reserved
for clock input, while the OSC_OUT or OSC32_OUT pin can still be used as a normal GPIO.
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10.4. GPIO registers

Word, half-word and byte write operations are available for all GPIO-related registers.

10.4.1. GPIO port mode register (GPIOx MODER) (x=A, B, C, F)

Address offset: 0x00

Reset value:
B OxEBFF FFFF (port A)
B OxFFFF FFFF (port B)
B OxFFFF FFFF (port C)
B 0x000C FFFF (port F)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODE15[1: 0] | MODE14[1: 0] | MODE13[1: 0] | MODE12[1: 0] | MODE11[1: 0] | MODE10[1: 0] | MODE9[1: 0] | MODES8[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 (]
MODE7[1: 0] | MODES6[1: 0] | MODE5[1: 0] | MODE4[1: 0] | MODE3[1: 0] | MODE2[1: 0] | MODE1[1: 0] | MODEO[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
The software configures the corresponding 1/0
OXEBFFFFFF (PA)
modes with these bits
OXFFFFFFFF (pb)
31: 0 MODEy [1:0] RW 00: Input mode
OXFFFFFFFF (PC)
01: Generic Output Mode
O0X000CFFFF (PF)
10: Multiplexed Functional Modes
11: Simulation mode (reset state)

10.4.2. GPIO port output type register (GPIOx OTYPER) (x = A, B, C, 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 OTO0
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 Res - - Res
15: 0 OT [15:0] RW 0 Software Configuration of 1/0O Output Types
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0: Push-pull output (reset state)

1: Open-drain output

10.4.3. GPIO port output speed register (GPIOx OSPEEDR) (x = A, B, C, F)

Address offset: 0x08

Reset value: 0x0C00 0000 (Port A)

Reset value: 0x0000 0000 (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 RwW RW RW RW RwW RwW RwW RwW Rw RwW RwW RwW RwW RwW 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 RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RW

Bit Name R/W Reset Value Function

Y =15...0

Software configuration of 10 port output speed
0x0C000000 (PA) 00: Low speed

31: 0 OSPEEDy [1:0] RW
0x0 (other) 01: Medium speed
10: High Speed

11: Very high

10.4.4. GPIO port pull-down register (GPIOx PUPDR) (x = A, B, C, F)

Address offset: 0x0C
Reset value:
B 0x2400 0000 (Port A)
H  0x0000 0000 (ports B and C)
®  0x0002 0000 (port F)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PUPD15[1: PUPD14[1: PUPD13[1: PUPD12[1: PUPD11[1: PUPD10[1: PUPD9[1: PUPDS8[1:

0] 0] 0] 0] 0] 0] 0] 0]

Rw RW RW RW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW Rw RW

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

PUPD7[1: 0] | PUPDS6[1: 0] | PUPD5[1: 0] | PUPD4[1: 0] | PUPD3[1: 0] | PUPD2[1: 0] | PUPDI[1: PUPDO[1:
0] 0]

RwW RW RW RW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RwW RW

Bit Name R/W Reset Value Function

31: 0 PUPDy [1:0] RW 0x24000000 (PA) Y=15..0
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0x0 (PB)

0x0 (PC) Pull-Down

0x20000 (PF)

00: No pull-down
01: Pull-up

10: Dropdown
11: Res

Software Configuration I/O Port Pull-Up or

10.4.5. GPIO port input data register (GPIOx IDR) (x = A, B, C, F)

Address offset: 0x10

Reset value: 0x0000 XXXX

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
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 D1 IDO
R R R R R R R R R R R R R R R R
Bit Name R/W Reset Value Function
31: 16 Res - - Res
y=15...0
15: 0 IDy R - This is read-only, and the readout value bit corresponds to
the status of the 1/0O port.

10.4.6. GPIO port output data register (GPIOx ODR) (x = A, B, C, F)

Address offset: 0x14

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OD15 | OD14 | OD13 | OD12 | ODM1 OD10 | OD9 | OD8 | OD7 | OD6 | OD5 | OD4 | OD3 | OD2 | OD1 | ODO
RW RwW RwW RW RW RW RwW RW RwW RwW RW RwW RwW RW RW RwW
Bit Name R/W Reset Value Function
31: 16 Res - - Res
y=15...0
The software is readable and writable.
15: 0 ODy RW 0
Note: For GPIOx_BSRR or GPIOx_BRR (x=A,B,C,F), each
ODR bit can be set/cleared independently.
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10.4.7. GPIO port bit set/reset register (GPIOx BSRR) (x = A, B, C, 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 | BR!1 BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 BRO
W w w w w w w W w w W w W W w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS!M 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
The software is writable and reads out to return a value
of 0
31: 16 BRy w 0 0: no effect on the corresponding ODRY bit
1: Clear the corresponding ODRYy bit
Note: If the corresponding bits of BSy and BRy are set
at the same time, the BSy bit works
y=15...0
The software is writable and reads out to return a value
15: 0 BSy W 0 of 0
0: no effect on the corresponding ODRY bit
1: Set the corresponding ODRYy bit

10.4.8. GPIO Port Configuration Lock Register (GPIOx LCKR) (x = A, B, C, F)

This register is used to lock the configuration of the port bits when the correct write sequence is exe-

cuted with 16 bits (LCKK) set. LCKy[15:0] is used to lock the configuration of the GPIO port and cannot

be changed during a defined write operation. After a LOCK sequence has been performed on the

corresponding port, the configuration of the port bits will not be able to be changed again until the next

system reset.

Note: Special write timing is used to write the GPIOx_LCKR register. Only word accesses can be

performed in the locking timings.

Each lock bit freezes a specific configuration register (control and multiplexing function registers)

Address offset: 0x1C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LCK
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
K
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- - - - - - - - - - - - - - - RW
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LCK1 LCK1 LCK1 LCK1 LCK1 | LCK1 LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK | LCK
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 RW RW RW RW RW RW RwW

Bit Name R/W Reset Value Function

31: 17 Res - - Res

This bit can be read out at any time; it can only be modi-
fied by a lock-key write sequence
0: Port Configuration Lock keybindings not activated
1: Port configuration lock key bit is activated and
GPIOx_LCKR register is locked before next system re-
set
Lock key write timing:
WR LCKR[16] = '1' + LCKR[15:0]
WR LCKR[16] = '0' + LCKR[15:0]

16 LCKK RW 0 WR LCKR[16] = '1' + LCKR[15:0]
RD LCKR
RD LCKR[16] = '1' (this read operation is optional, but it
confirms that the lock is active)
Note: The value of LCK[15:0] cannot be changed while
operating the write timing of the lock key. Any error in
the lock key timing will terminate the lock key being acti-
vated. After the first key-lock timing for any bit of the
port, reading the LCKK bit is a return of 1, a direct MCU
reset or a peripheral reset.
y=15...0
These bits are readable and writable but can only be

15: 0 LCKy RW 0 written when the LCKK bit is zero.

0: Configuration without locking the port
1: Locked Port Configuration

10.4.9. GPIO multiplexing function register (low) (GPIOx AFRL) (x = A, B, C, F)

Address offset: 0x20
Reset value: 0x0000 0000

31 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
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15 14

13 12

11

10

9 8

7 6 5 4 3

2 1

AFSEL3[3: 0]

AFSEL2[3: 0]

AFSEL1[3: 0]

AFSELO[3:

Rw RwW

RwW RwW

RW

RwW

RwW RwW

RwW Rw RwW RwW RwW

RwW RwW

RW

Bit

Name

R/W

Reset Value

Function

31: 0

AFSELy [3:0]
(y=7~0)

RW

plexed function I/Os
AFSELy choice:
0000:

0010: AF21010: AF10

0011: AF31011: AF11

0100: AF41100: AF12

0101: AF51101: AF13

0110: AF61110: AF14

0111: AF71111: AF15

Software can write these bits to configure the multi-

AF01000: AF80001: AF11001: AF9

10.4.10.

B.C.F)

GPIO multiplexing function register (high) (GPIOx AFRH) (x = A,

Address offset: 0x24
Reset value: 0x0000 0000

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 1" 10 9 8 7 6 5 4 3 2 1 0
AFSEL11[3: 0] AFSEL10[3: 0] AFSEL9[3: 0] AFSELS8[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
Software can write these bits to configure the multi-
plexed function I/Os
AFSELy choice:
0000: AF01000: AF80001: AF11001: AF9
AFSELy [3:0] 0010: AF21010: AF10
31: 0 RW 0
(y=8~15) 0011: AF31011: AF11
0100: AF41100: AF12
0101: AF51101: AF13
0110: AF61110: AF14
0111: AF71111: AF15
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10.4.11. GPIO Port Bit Reset Register (GPIOx BRR) (x = A, B, C, 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 W W w W w W W W W W w W
Bit Name R/W Reset Value Function
31: 16 Res - - Res
y=15..0

These bits are software-writable and read out to re-

15: 0 BRy W 0 turn a value of 0

0: no effect on the corresponding ODRYy bit

1: Clear the corresponding ODRYy bit
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11. System Configuration Controller

(S

YSCFG)

There is a set of configuration registers within the chip and the main purpose of the system configu-

ration controller:

B |2C type IO filter enable and disable

B Mapping the initial program area according to different boot modes
B DMA peripheral channel selection control
B TIMx cascade control
B PVD Lock Enable and Disable
B Cortex-MO+ LOCKUP Enable and Disable
B Noise filter enable and disable for all GPIOs
11.1. System Configuration Register
11.1.1. SYSCFG Configuration Register 1 (SYSCFG CFGR1)
The MEM_MODE bit of this register is used to configure the kind of memory address 0x0000 0000
accesses. These two registers are used to select the physical remap for software and to bypass the
results of the hardware BOOT selection. After a power-up or PIN reset, the value of these two bits is
determined by the actual boot mode configuration sampled by the hardware.
Address offset: 0x00
Reset value: 0x0000 000x (x is the memory mode selected by the actual boot mode configuration)
31 |30 | 29| 28 | 27 |26 | 25 24 23 | 22 | 21| 20 |19 18 17 | 16
Res GPIO_AHB_SEL Res ETR_SRC_TIM3[2: 0]
RW RW
15 | 14 | 13 | 12 11 | 10| 9 8 7 6 5 4 3 2 1 0
ETR_SRC_TIM2] TIM3_IC1_S | TIM2_IC4_S | TIM1_IC1_SR | MEM_MOD
Res Res ETR_SRC_TIM1[2: 0]
2: 0] RC RC C E
- RW RW RW RW RW RW
Bit Name R/W Reset Value | Function
31: 25 Res - - Res
CPU FASTIO or AHB bus access to GPIO register
control.
24 GPIO_AHB_SEL RW 0
0: FASTIO bus access;
1: AHB bus access;
23: 19 Res - - Res
TIMERS3 ETR input source selection.
18: 16 ETR_SRC_TIM3[2: 0] RW 0
3'b000: ETR originates from GPIO
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Bit

Name

R/W

Reset Value

Function

3'b001: ETR derived from COMP1
3'b010: ETR derived from COMP2
3'b011: ETR derived from ADC

3'b100: ETR derived from COMPS3.

15

Res

Res

14: 12

ETR_SRC_TIM2[2: 0]

RW

TIMER2 ETR input source selection.
3'b000: ETR originates from GPIO
3'b001: ETR derived from COMP1
3'b010: ETR derived from COMP2
3'b011: ETR derived from ADC
3'b100: ETR from COMP3

11

Res

Res

10: 8

ETR_SRC_TIM1[2: 0]

RW

TIMER1 ETR input source selection.
3'b000: ETR originates from GPIO
3'b001: ETR derived from COMP1
3'b010: ETR derived from COMP2
3'b011: ETR derived from ADC
3'b100: ETR from COMP3

TIM3_IC1_SRC

RW

TIM13 CH1 input source
00: from TIM3_CH1 10
01: from COMP1

10: from COMP2

11: from COMP3

TIM2_IC4_SRC

RW

TIM2 CH4 input source
00: from TIM2_CH4 IO;
01: from COMP1
10: from COMP2
11: from COMP3

TIM1_IC1_SRC

RW

TIM1 CH1 input source
00: from TIM1_CH1 IO;
01: from COMP1
10: from COMP2
11: from COMP3

MEM_MODE

RW

Storage area mapping selection.
x0: Main Flash memory mapped at 0x0000 000001:

System Flash memory mapped at 0x0000 000011:

Embedded SRAM mapped at 0x0000 0000
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11.1.2. SYSCFG Configuration Register 2 (SYSCFG_CFGR2)

Address offset: 0x04
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21
COMP3_0O | COMP3_O | COMP3_O
Res Res Res Res Res Res Res Res cref_CLR_ cref_CLR_ cref_CLR_
TIM3 TIM2 TIM1
-RW RW RW
20 19 18 17 16 15 14 13 12 11 10
COMP2_0O COMP2_0O COMP2_0O COMP1_O COMP1_O COMP1_O COMP3 COMP2_ COMP3 COMP2_
COMP1_B
cref CLR_ | cref CLR_ | cref CLR_ | cref CLR_ | cref CLR_ | cref CLR_ | BRK_TIM1 | BRK_TIM1 BRK_TIM1 | BRK_TIM1
RK_TIM17
TIM3 TIM2 TIM1 TIM3 TIM2 TIM1 7 7 6 6
RW RW RW RW RW RW RW RW RW RW RW
9 8 7 6 5 4 3 2 1 0
COMP3 COMP2_
COMP1_B COMP1_B COMP3 COMP2_ COMP1_B PVD_LOC
BRK_TIM1 BRK_TIM1 Res LOCKUP_LOCK
RK_TIM16 RK_TIM15 BRK_TIM1 BRK_TIM1 RK_TIM1 K
5 5
RW RW RW RW RW RW RW RW - RwW
Bit Name R/W Reset Value | Function
31: 24 Res - - Res

1: COMP3 output as TIM3 ocref_clr input
23 COMP3_Ocref CLR_TIM3 RwW 0 0: COMP3 output not used as TIM3 ocref_clr

input

1: COMP3 output as TIM2 ocref_clr input
22 COMP3_Ocref_CLR_TIM2 RW 0 0: COMP3 output not used as TIM2 ocref_clr

input

1: COMP3 output as TIM1 ocref_clr input
21 COMP3_Ocref_CLR_TIM1 RW 0 0: COMP3 output not used as TIM1 ocref_clr

input

1: COMP2 output as TIM3 ocref_clr input
20 COMP2_Ocref_CLR_TIM3 RW 0 0: COMP2 output not used as TIM3 ocref_clr

input

1: COMP2 outputs as TIM2 ocref_clr inputs

19 COMP2_Ocref_CLR_TIM2 RW 0 0: COMP2 output not used as TIM2 ocref_clr
input
18 COMP2_Ocref_CLR_TIM1 RW 0 1: COMP2 output as TIM1 ocref_clr input
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Bit Name R/W Reset Value Function

0: COMP2 output not used as TIM1 ocref_clr

input

1: COMP1 output as TIM3 ocref_clr input
17 COMP1_Ocref CLR_TIM3 RW 0 0: COMP1 output not used as TIM3 ocref_clr

input

1: COMP1 output as TIM2 ocref_clr input
16 COMP1_Ocref CLR_TIM2 RW 0 0: COMP1 output not used as TIM2 ocref_clr

input

1: COMP1 output as TIM1 ocref_clr input
15 COMP1_Ocref CLR_TIM1 RW 0 0: COMP1 output not used as TIM1 ocref_clr

input

COMP3 as TIM17 break input enable

0: COMP3 output not connected to TIM17
14 COMP3 BRK_TIM17 RW 0
break input

1: COMP3 output as TIM17 break input

COMP2 as TIM17 break input enable

0: COMP2 output not connected to TIM17
13 COMP2_ BRK_TIM17 RW 0
break input

1: COMP2 output as TIM17 break input

COMPL1 as TIM17 break input enable

0: COMP1 output not connected to TIM17
12 COMP1_BRK_TIM17 RW 0
break input

1: COMP1 output as TIM17 break inpu

COMP3 is used as the TIM16 break input ena-
ble.

11 COMP3 BRK_TIM16 RW 0 0: COMP3 output is not connected to the
TIM16 break input;

1: COMP3 output as TIM16 break input;

COMP2 is used as the TIM16 break input ena-
ble.

0: COMP2 output is not connected to the

10 COMP2_ BRK_TIM16 RW 0
TIM16 break input;

1: COMP2 output is used as TIM16 break in-

put;

COMP1 is used as the TIM16 break input ena-

ble.
9 COMP1_BRK_TIM16 RW 0
0: COMP1 output is not connected to the

TIM16 break input;
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Bit Name R/W Reset Value Function

1: COMP1 output is used as TIM16 break in-

put;

COMP3 is used as the TIM15 break input ena-
ble.

0: COMP3 output is not connected to the

8 COMP3 BRK_TIM15 RW 0
TIM15 break input;

1: COMP3 output is used as TIM15 break in-

put;

COMP2 is used as the TIM15 break input ena-
ble.

0: The COMP2 output is not connected to the
7 COMP2_ BRK_TIM15 RW 0
TIM15 break input;

1: COMP2 output is used as TIM15 break in-

put;

COMP1 is used as the TIM15 break input ena-
ble.

0: COMP1 output is not connected to the

6 COMP1_BRK_TIM15 RW 0
TIM15 break input;

1: COMP1 output is used as TIM15 break in-

put;

COMP3 is used as a TIM1 break input enable.
0: COMP3 output is not connected to TIM1

5 COMP3 BRK_TIM1 RW 0
break input;

1: COMP3 output as TIM1 break input;

COMP2 is used as a TIM1 break input enable.
0: COMP2 output is not connected to the TIM1
4 COMP2_ BRK_TIM1 RW 0
break input;

1: COMP2 output is used as TIM1 break input;

COMP1 is used as a TIM1 break input enable.
0: COMP1 output is not connected to the TIM1
3 COMP1_BRK_TIM1 RW 0
break input;

1: COMPL1 output is used as TIM1 break input;

PVD lock enable bit.

0: The PVD interrupt is not connected to the
TIM1/15/16/17 break input, and the PVD func-
2 PVD_LOCK RW 0 tion is configured by the PVDE and PLS;

1: PVD interrupt is connected to
TIM1/15/16/17 break input, PVDE and PLS are

read only;
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Bit Name

R/W

Reset Value

Function

1 Res

Res

0 LOCKUP_LOCK

RW

Cortex-M0+ LOCKUP bit lock enable bit.

0: Cortex-MO+ LOCKUP bit not connected to
TIM1/15/16/17 break inputs

1: Cortex-MO+ LOCKUP bit connected to

TIM1/15/16/17 break input

11.1.3. SYSCFG Configuration Register 3 (SYSCFG_CFGR3)

Address offset: 0x08
Reset value: 0x3F3F 3F3F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res DMA4_MAP Res DMA3_MAP
- RW - RW
15 14 13 12 11 10 9 8 7 6 ® 4 3 2 1 0
Res DMA2_MAP Res DMA1_MAP
- RW - RW
Bit Name R/W Reset Value | Function
31: 30 Res - - Res
DMA1 channel 4 mapping.
29: 24 DMA4_MAP RW 0x3F
See DMA1_MAP description.
23: 22 Res Res - Res
DMA1 channel 3 mapping.
21: 16 DMA3_MAP RW 0x3F
See DMA1_MAP description.
15: 14 Res Res - Res
DMA1 channel 2 mapping.
13: 8 DMA2_MAP RW 0x3F
See DMA1_MAP description.
7:6 Res Res - Res
DMAL Channel 1 Mapping.
000000: ADC1
000001: DAC1
000010: DAC2
000011: SPI1_RD
5: 0 DMA1_MAP RW Ox3F
000100: SPI1_WR
000101: SPI2_RD
000110: SPI2_WR
000111: USART1_RD
001000: USART1_WR
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Bit Name R/W Reset Value | Function

001001: USART2_RD
001010: USARTZ2_WR
001011: USART3_RD
001100: USART3_WR
001101: USART4_RD
001110: USART4_WR
001111: 12C1_RD
010000: 12C1_WR
010001: 12C2_RD
010010: 12C2_WR
010011: TIM1_CH1
010100: TIM1_CH2
010101: TIM1_CH3
010110: TIM1_CH4
010111: TIM1_COM
011000: TIM1_TRG
011001: TIM1_UP
011010: TIM2_CH1
011011: TIM2_CH2
011100: TIM2_CH3
011101: TIM2_CH4
011110: TIM2_UP
011111: TIM2_TRG
100000: TIM3_CH1
100001: TIM3_CH2
100010: TIM3_CHS3
100011: TIM3_CH4
100100: TIM3_UP
100101: TIM3_TRG
100110: TIM6_UP
100111: TIM7_UP
101000: TIM15_CH1
101001: TIM15_CH2
101010: TIM15_UP
101011: TIM15_TRG
101100: TIM15_COM
101101: TIM16_CH1
101110: TIM16_UP

101111: TIM17_CH1
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Bit Name

R/W

Reset Value

Function

110000: TIM17_UP
110001: USB
110010: LCD

Other: Reserved

11.1.4. SYSCFG Configuration Register 4 (SYSCFG_CFGR4)

Address offset: 0x0C
Reset value: 0x003F 3F3F

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res DMA7_MAP
- RW
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
Res DMA6_MAP Res DMA5_MAP
- RW - RW
Bit Name R/W Reset Value | Function
31: 22 Res - - Res
DMA1 channel 7 mapping.
21: 16 DMA7_MAP RwW Ox3F
See DMA1_MAP description.
15: 14 Res - - Res
DMA1 channel 6 mapping.
13: 8 DMAG6_MAP RW Ox3F
See DMA1_MAP description.
7.6 Res - - Res
DMA1 channel 5 mapping.
5: 0 DMA5_MAP RW Ox3F
See DMA1_MAP description.
11.1.5. GPIOA filter enable (PA _ENS)
Address offset: 0x10
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA_ENS [15:0]
RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
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Bit Name R/W Reset Value Function
31: 16 - Res
PORTA 10 Filter Enable.
15: 0 PA_ENSI[X] RW 0x0000 0: Filtering disabled
1: Filter enable

11.1.6. GPIOB filter enable (PB_ENS)

Address offset: 0x14
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB_ENS [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 - Res
PORTB IO filter enable.
15: 0 PB_ENSI[X] RW 0x0000 0: Filtering disabled
1: Filter enable
11.1.7. GPIOC filter enable (PC_ENS)
Address offset: 0x18
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC_ENS [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 - Res
PORTC IO filter enable.
15: 0 PC_ENS[x] RW 0x0000 0: Filtering disabled
1: Filter enable
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11.1.8. GPIOF filter enable (PF_ENS)

Address offset: 0x1C

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
Res PF_ENS [9:0]
RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 10 Res - - Res
PORTF IO filter enable.
9: 0 PF_ENS[x] RW 0x000 0: Filtering disabled
1: Filter enable
11.1.9. 12C configuration register (SYSCFG_EIIC)
Address offset: 0x20
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 | 18 17 16
Res PF_EIIC[1:0] Res
RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PB_EIIC[10:0] Res PA_EIIC[1:0]
RW RW
Bit Name R/W Reset Value | Function
31: 26 Res - - Res
EIIC control signal for PF. Used as I12C type 10
25: 24 PF_EIIC[1:0] RwW 0 Bit0: Control PF3
Bit1: Control PF4
23: 16 Res - - Res
EIIC control signal for PB. Used as 12C type 10
Bit0: Control PB6
15: 8 PB_EIIC[7:0] RW 0 Bitl: Control PB7
Bit2: Control PB8
Bit3: Control PB9

140/755



PY32F07X Reference Manual

Bit4: Control PB10
Bit5: Control PB11
Bit6: Control PB13
Bit7: Control PB14

Res - Res
EIIC control signal of the PA. Used as 12C type 10
PA_EIIC[1:0] RW Bit0: Control PA9

Bit1l: Control PA10
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12. Direct Memory Access (DMA)

12.1. Introduction

Direct memory access (DMA) is used to provide high-speed data transfers between peripherals and
memory or between memory and memory. Moving data does not require CPU intervention and data
can be transferred quickly via DMA, which saves CPU resources for other operations. The DMA con-
troller has seven channels, each dedicated to managing requests for memory access from one or

more peripherals. There is also an arbiter to coordinate the priority of individual DMA requests.

12.2. DMA main features

B Single AHB Master
B Supports peripheral to memory, memory to peripheral, memory to memory and peripheral to
peripheral data transfers
On-chip memory devices such as Flash, SRAM, AHB and APB peripherals as source and target
All DMA channels are independently configurable:
— Each channel is either associated with a DMA request signal from a peripheral or a software
trigger in a memory-to-memory transfer. This configuration is done by software.
— Priority between requests can be programmed by software (4 levels per channel: very high,
high, medium, low), and in equal cases by hardware (e.g. requests for channel 1 have priority
over requests for channel 2).
— Source and destination transfer sizes are independent (byte, halfword, word), simulating
packing and unpacking. The source and destination addresses must be aligned by data size.
— Number of programmable transmission data: 0 ~ 65535
B Each channel generates an interrupt request. Each interrupt request is caused by any of three

DMA events: transfer completion, half-transfer, or transfer error.
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12.3. DMA Function Description

Cortex-MO0+ <::‘,> Flash

SRAM
Bus RCC CRC
H DM matrix ADC TIM1
<::L)‘> DAC TIM2
H SPIL/SPI2 TIM3
USART1 TIM6
AHB Bridge | APB D USART2  TIM7
12C1/12C2  TIM15
USB TIM16
G LCD TIM17
A
GPIO
| AHB Slave <
dma_ack
< chn_req DMAMUX dma_req

Figure 12-1 DMA Block Diagram

12.3.1. DMA processing

Upon completion of an event, the peripheral sends a request signal to the DMA controller. The DMA
controller processes the request based on the priority of the channel. When the DMA controller starts
accessing the peripheral that made the request, the DMA controller immediately sends it an answer
signal. When an answer signal is received from the DMA controller, the peripheral releases its re-
guest immediately. Once the peripheral releases the request, the DMA controller revokes the answer
signal. The peripheral can initiate the next transmission if there are more requests.

In summary, each DMA transfer consists of three operations:

B Fetch from the peripheral data register or from the current peripheral/memory address register,
the start address on the first transfer is the peripheral base address or memory cell specified by
the DMA_CPARXx or DMA_CMARKX registers.

B  Store data to the peripheral register or the memory address indicated by the current periph-
eral/memory address register, and the start address for the first transfer is the peripheral and
address or memory cell specified by the DMA_CPARx or DMA_CMARKX registers.

B Performs a decrement operation of the DMA_CNDTRX register, which contains the number of

outstanding operations.
12.3.2. Arbiter

The arbiter initiates peripheral/memory accesses based on the priority of the channel request.

Priority management is in 2 stages:
B Software: The priority of each channel can be set in the DMA_CCRX register with 4 levels

— highest priority
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— high priority
— medium priority
— low priority
B Hardware: If 2 requests have the same software priority, the lower numbered channel has
higher priority than the higher numbered channel. For example, channel 2 takes precedence

over channel 4.
12.3.3. DMA channel

Each channel can perform DMA transfers between peripheral registers with fixed addresses and
memory addresses. The amount of data transferred by the DMA is programmable up to a maximum

of 65535 bytes, and this register value is decremented after each data transfer.
Transmission data volume programmable

The amount of peripheral and memory transfers can be programmed with the PSIZE and MSIZE bits
in the DMA_CCRX register.

Address Pointer Increment

By setting the PINC and MINC flag bits in the DMA_CCRX register, the pointers to the peripherals

and memory can be selectively auto-incremented after each transfer.

When set to incremental mode, the next address to be transmitted will be the previous address plus
the incremental value, which depends on whether the selected data width is 1, 2, or 4. The address
of the first transmission is the address stored in the DMA_CPARx/DMA_CMARX register. During a
transfer, these registers maintain their initial values, and software cannot change and read out the
address that is currently being transferred (it is in the internal Current Peripheral/Memory Address
Reqgister).

When the channel is configured in acyclic mode, no further DMA operations will be generated after
the transfer is completed (i.e., the transfer count becomes 0). To start a new DMA transfer, the num-

ber of transfers needs to be rewritten in the DMA_CNDTRX register with the DMA channel closed.

In cyclic mode, at the end of the last transfer, the contents of the DMA_CNDTRX register are auto-
matically reloaded to their initial values, and the internal current peripheral/memory address registers
are reloaded to the initial base address set by the DMA_CPARX/DMA_CMARX registers.

Channel Configuration Process

Configure the DMA channel on peripheral request as follows:

B Set the address of the peripheral register in the DMA_CPARX register. When a peripheral data
transfer request occurs, this address will be the source or destination of the data transfer.

B Set the address of the data memory in the DMA_CMARX register. When a peripheral data trans-
fer request occurs, the transferred data will be read from or written to this address.

B Set the amount of data to be transferred in the DMA_CNDTRX register. This value is decre-
mented after each data transfer.

B Configure the DMA_CCRX register with the following parameters:

— The priority of the channel.
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— data transmission direction

— recurrent mode

— Peripheral and memory incremental modes

— Peripheral and memory data size

— interrupt enable

B Setthe EN bit of the DMA_CCRX register to start the channel.

Once a DMA channel is activated, it can respond to DMA requests from peripherals connected to
that channel.

When half of the data has been transferred, the Half Transfer Flag (HTIF) is set to 1. When the Half
Transfer Interrupt Allowed bit (HTIE) is set, an interrupt request is generated. The transmission com-
pletion flag (TCIF) is set to 1 at the end of a data transmission, and an interrupt request is generated
when the transmission completion interrupt allowed bit (TCIE) is set.

Channel Status and Disabled Channels

Channel x in the active state is an enabled channel (read DMA_CCRx.EN=1). An active channel x is
a channel that must have been enabled by software (DMA_CCRXx. EN = 1) and then no transmission
error occurs (DMA_ISR.TEIFx = 0). If a transmission error occurs, the channel is automatically disa-
bled by hardware (DMA_CCRXx.EN = 0).

The following 3 scenarios may occur:

1. Suspension and resumption of access

This corresponds to the following two actions:

1) The active channel is disabled by software (write DMA_CCRX.EN = 0).

2) Software re-enabled the channel (DMA_CCRx.EN=1) but did not reconfigure the other chan-
nel registers (e.g., DMA_CNDTRx, DMA_CPARX, and DMA_CMARX); or incomplete trans-
fers hung the bus when software disabled it.

This is not supported by the DMA hardware and therefore there is no guarantee that the remain-

ing data transfers will be performed correctly.
2. Stopping and aborting a channel

If the application no longer needs the channel, the active channel can be disabled by software.

The channel is stopped and aborted, but the DMA_CNDTRX register contents may not correctly

reflect the remaining data transfer.

3. Abort and restart channel
This corresponds to the software sequence: disable the active channel, then reconfigure the

channel and enable it again.

Hardware support when the following conditions are met:

1. The application program guarantees that the DMA has no ongoing (not yet completed) transfers
when the channel is disabled by software. For example, an application can first disable a periph-
eral in DMA mode to ensure that there are no pending hardware DMA requests for that periph-

eral.
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2. Software must perform independent write accesses to the same DMA_CCRX register: first, to
close the channel, and second, to reconfigure the channel for the next block transfer if a config-
uration change is required, including DMA_CCRX. Finally the channel is enabled again.

When a channel transfer error occurs, hardware clears the EN bit of the DMA_CCRX register. This

EN bit cannot be set again by software to reactivate channel x until the TEIFx bit in the DMA_ISR

register is set.

DMA cyclic mode

Cyclic mode is used to handle circular buffers and continuous data transfers (e.g., ADC's scan

mode). The CIRC bit in the DMA_CCRX register is used to enable this feature. When cyclic mode is

activated and the number of data transfers becomes 0, the initial value set when the channel was
configured is automatically restored and DMA operation continues.

Note: Cyclic mode cannot be used in memory-to-memory mode. Before enabling the channel in cy-

clic mode (CIRC = 1), software must clear the MEM2MEM bit of the DMA_CCRX register. When cy-

clic mode is activated, the amount of data to be transferred will be automatically reloaded during the
channel configuration phase using the programmed initial values and DMA requests will continue to

be responded to.

In order to stop cyclic transfers, software needs to stop the peripheral from generating DMA requests

(e.g., exit ADC scan mode) before disabling the DMA channel.

The DMA_CNDTRXx value must be explicitly programmed by software before starting/enabling a

transfer and after stopping a cyclic transfer.
Memory to memory mode

The operation of the DMA channel can be performed without a peripheral request; this operation is

the memory-to-store mode.

After setting the MEM2MEM bit in the DMA_CCRX register, the DMA transfer will begin immediately
when the DMA channel is initiated by software setting the EN bit in the DMA_CCRX register. The
DMA transfer ends when the DMA_CNDTRX register becomes 0.

Memory-to-memory mode cannot be used in conjunction with cycle mode.
Peripheral to Peripheral Mode

Any DMA channel can be operated in peripheral-to-peripheral mode:

B When a hardware request from a peripheral is selected to trigger a DMA channel

This peripheral is a DMA initiator and transfers data between this peripheral and registers belonging
to another memory-mapped peripheral (which is not configured for DMA mode).

B When no peripheral request is selected and connected to a DMA channel

The software configures register-to-register transfers by setting the MEM2MEM bit of the
DMA_CCRX register.

Configure the direction of transmission, specifying source/destination

The value of the DIR bit of the DMA_CCRX register sets the direction of the transfer, and therefore

identifies the source and target, regardless of the source/target type (peripheral or memory):
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DIR = 1 typically defines memory-to-peripheral transfers. More generally, if DIR = 1:
The source attribute is defined by the DMA_MARX register, the MSIZE[1:0] field, and the MINC
bit of the DMA_CCRX register.
Regardless of their common designation, these "memory" registers, fields, and bits are used
to define the source peripheral in peripheral-to-peripheral mode.
B The target attribute is defined by the DMA_PARX register, the PSIZE[1:0] field of the
DMA_CCRXx register, and the PINC bit.
Regardless of their common designation, these "peripheral” registers, fields, and bits are
used to define the target memory in memory-to-memory mode.
DIR = 0 typically defines a peripheral to memory transfer. More generally, if DIR = 0:
The source attribute is defined by the DMA_PARX register, the PSIZE[1:0] field of the
DMA_CCRXx register, and the PINC bit. Regardless of their common designation, these "periph-
eral" registers, fields, and bits are used to define the source memory in memory-to-memory
mode.
B The target attribute is defined by the DMA_MARX register, the MSIZE[1:0] field of the
DMA_CCRXx register, and the MINC bit.

Regardless of their common designation, these "memory" registers, fields, and bits are used to de-

fine the target peripheral in peripheral-to-peripheral mode.
12.3.4. Data Transfer Width/Alignment/Size End

When the memory data width MSIZE and the peripheral data width PSIZE are different, the DMA
performs data alignment according to the following table:
Table 12-1 Data width and size end (PINC=MINC=1)

root target | transport Source: Ad- . Target: Ad-
transport operation
height width amount dress/Data dress/Data
0x0/BO 1: read BO[7:0] at 0x0, write BO[7:0] at 0x0 0x0/BO
0x1/B1 2: Read B1[7:0] at Ox1, write B1[7:0] at Ox1 0x1/B1
° ° ¢ 0x2/B2 3: read B2[7:0] at Ox2, write B2[7:0] at O0x2 0x2/B2
0x3/B3 4: read B3[7:0] at 0x3, write B3[7:0] at 0x3 0x3/B3
0x0/BO 1: read BO[7:0] at Ox0, write 00BO[7:0] at 0x0 0x0/00B0O
0x1/B1 2: Read B1[7:0] at Ox1, write 00B1[7:0] at Ox2 0x2/00B1
° 10 ¢ 0x2/B2 3: read B2[7:0] at 0x2, write 00B2[7:0] at 0x4 0x4/00B2
0x3/B3 4: Read B3[7:0] at 0x3, write 00B3[7:0] at 0x6 0x6/00B3
0x0/BO 1: read BO[7:0] at 0x0, write 000000B0[31:0] at 0x0 0x0/000000B0
0x1/B1 2: read B1[7:0] at Ox1, write 000000B1[31:0] at Ox4 0x4/000000B1
° % ¢ 0x2/B2 3: read B2[7:0] at 0x2, write 000000B2[31:0] at 0x8 0x8/000000B2
0x3/B3 : Read B3[7:0] at 0x3, write 000000B3[31:0] at OxC. 0xC/000000B3
0x0/B1B0O : read B1BO[15:0] at 0x0, write BO[7:0] at Ox0 0x0/BO
10 ° ¢ 0x2/B3B2 : Read B3B2[15:0] at 0x2, write B2[7:0] at Ox1 0x1/B2
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0x4/B5B4 3: Read B5B4[15:0] at 0x4, write B4[7:0] at 0x2 0x2/B4
0x6/B7B6 4: Read B7B6[15:0] at 0x6, write B6[7:0] at 0x3 0x3/B6
0x0/B1B0O 1: read B1B0[15:0] at 0x0, write B1B0[15:0] at 0x0 0x0/B1B0O
0x2/B3B2 2: read B3B2[15:0] at 0x2, write B3B2[15:0] at 0x2 0x2/B3B2
16 16
0x4/B5B4 3: Read B5B4[15:0] at Ox4, write B5B4[15:0] at 0x4 0x4/B5B4
0x6/B7B6 4: Read B7B6[15:0] at 0x6, write B7B6[15:0] at Ox6 0x6/B7B6
0x0/B1B0 1: read B1BO[7:0] at 0x0, write 0000B1B0[31:0] at 0x0 0x0/0000B1B0
0x2/B3B2 2: Read B3B2[7:0] at 0x2, write 0000B3B2[31:0] at 0x4 | 0x4/000B3B2
16 32
0x4/B5B4 3: Read B5B4[7:0] at Ox4, write 0000B5B4[31:0] at 0x8 | 0x8/0000B5B4
0x6/B7B6 4: read B7B6[7:0] at 0x6, write 0000B7B6[31:0] at OxC 0xC/0000B7B6
0x0/B3B2B1B0 1: Read B3B2B1B0 [31:0] at 0x0, write BO [7:0] at 0x0 0x0/B0
0x4/B7B6B5B4 2: Read B7B6B5B4 [31:0] at Ox4, write B4 [7:0] at Ox1 0x1/B4
32 8
0x8/BBBAB9B8 3: Read BBBAB9BS [31:0] at 0x8, write B8 [7:0] at Ox2 0x2/B8
0xC/BFBEBDBC | 4: Read BFBEBDBC [31:0] at Oxc, write BC [7:0] at 0x3 | 0x3/BC
1: Read B3B2B1BO0 [31:0] at 0x0,Write B1BO [7:0] at
0x0/B3B2B1B0 0x0/B1BO
0x0
2: Read B7B6B5B4 [31:0] at Ox4, write B5B4 [7:0] at
0x4/B7B6B5B4 0x2/B5B4
0x2
32 16
3: Read BBBAB9BS [31:0] at 0x8, write B9B8 [7:0] at
0x8/BBBAB9B8 0x4/B9B8
0x4
4: Read BFBEBDBC [31:0] at Oxc, write BDBC [7:0] at
0xC/BFBEBDBC 0x6/BDBC
0x6
1: Read B3B2B1B0 [31:0] at 0x0,Write B3B2B1BO0 [7:0]
0x0/B3B2B1B0 0x0/B3B2B1B0
at 0x0
2: Read B7B6B5B4 [31:0] at Ox4, write B7TB6B5B4
0x4/B7B6B5B4 0x4/B7B6B5B4
[7:0] at Ox2
32 32
3: Read BBBAB9BS [31:0] at 0x8, write BBBAB9B8
0x8/BBBAB9B8 0x8/BBBAB9BS8
[7:0] at Ox4
4: Read BFBEBDBC [31:0] at Oxc, write BFBEBDBC
0xC/BFBEBDBC 0xC/BFBEBDBC
[7:0] at Ox6

Operate AHB devices that do not support byte or half-word writing

If an error does not occur when the DMA writes in bytes or halfwords to an AHB device that does not

support byte or halfword write operations (i.e., HSIZE is not suitable for this module), the DMA will

write 32-bit HWDATA data according to the following two examples:
B When HSIZE=Halfword, write the halfword 'OXxABCD' and the DMA will set the HWDATA bus to

'OXABCDABCD'.
B When HSIZE=byte, write byte '0OXxAB' and the DMA will set the HWDATA bus to

'OXABABABABAB'.
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Assuming that the AHB/APB bridge is a 32-bit slave device to an AHB that does not handle the

HSIZE parameter, it will transfer any byte or half-word on the AHB to the APB in 32-bits in the follow-

ing manner:

B A write byte data 'OxBO' operation on an AHB to address 0xO0 (or 0x1, 0x2, or 0x3) will be con-
verted to a write byte data '0xBOBOBOBOBOBO' operation on an APB to address 0x0.

B A write half-word data 'OxB1B0' operation on an AHB to address 0x0 (or 0x2) will translate to a

write word data '0OxB1BOB1B0' operation on an APB to address 0x0.

12.3.5. Error management

Reading or writing a reserved address area will generate a DMA transfer error. When a DMA transfer
error occurs during a DMA read or write operation, the hardware automatically clears the EN bit of
the channel configuration register (DMA_CCRX) corresponding to the channel on which the error oc-
curred, and that channel operation is stopped. At this time, the Transmission Error Interrupt Flag Bit
(TEIF) corresponding to that channel in the DMA_ISR register will be set, and an interrupt will be
generated if the Transmission Error Interrupt Allow bit is set in the DMA_CCRX register.

The EN bit of the DMA_CCRX register cannot be set again by software (channel x reactivated) until
the TEIFx bit of the DMA_ISR register is cleared (by setting the CTEIFx bit of the DMA_IFCR regis-

ter).

12.3.6. DMA interrupt

Each DMA channel can generate interrupts on DMA transfer halves, transfer completions, and trans-

fer errors. For application flexibility, these interrupts are turned on by setting different bits in the reg-

ister.
Table 12-2 DMA Interrupt Requests
isruption event event marker Enable Control Bit
more than halfway through
HTIFx HTIEx
transmission
Transmission complete TCIFx TCIEX
transmission error TEIFX TEIEX
Transmission halfway/trans-
GIFx -
mission complete/transmission error

Notes:

1. When the DMA_CNDTRX register is 1, the HTIFx bit is not set and the TCIFx bit is set when the transfer is complete.

2. Both the HTIF and TCIF flags are generated when the transmission length NDT is odd (greater than 1). The internal sig-

nal TCIF will be generated when NDT = 1; HTIF will be generated when (NDT - (NDT/2 (rounded) - 1)). If NDT = 5, TCIF is

generated when NDT is reduced to 1; HTIF is generated when NDT is reduced to 4.

3. Both the HTIF and TCIF flags are generated when the transmission length NDT is an even number (greater than 1). The

internal signal TCIF will be generated when NDT = 1; HTIF will 