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1.

List of abbreviations for registers

Abbreviation

Description

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.
(Ffsgd\//\(l:(l)(;arerteO Software can read as well as clear this bit by writing 0. Writing 1 has no effect on this bit.

Read/ClearWritel(RC_W1)

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

Read/ClearWrite(RC_W)

The software can read and clear the bit by writing to the register. The value written to this
bit is not important.

Read/Clearby 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/SetbyRead (RS_R)

Software can read this bit. Reading this bit automatically sets it to 1. Writing this bit has
no effect on the bit value.

Read/Set (RS)

Software can read as well as set this bit by writing 1. Writing 0 has no effect on this hit.

Toggle (T)

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

Reserve (Res)

Reserved bit, must be kept at reset value.
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2.

A
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System architecture block
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Figure 2-1 System block diagram
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3.

3.1

3.2

System and memory architecture

The PY32E407 series devices are based on Arm® Cortex® -32-bit general-purpose microcontroller for
the-M4F processor. Arm® Cortex® The-M4F processor includes three AHB buses called I-CODE bus,
D-Code bus and system bus. Cortex® All storage accesses of the-M4F processor, depending on dif-
ferent destinations and destination storage spaces, will be performed on these three buses. The or-
ganization of memory adopts Harvard architecture, pre-defined memory mapping and up to 4 GB of
storage space, which fully guarantees the flexibility and scalability of the system.

Arm® Cortex® -M4F processor introduction

Cortex® The-M4F processor is a 32-bit processor with low interrupt latency time and low-cost debug-
ging features. High integration and enhanced features make Cortex® The-M4F processor is suitable
for those market segments that require high-performance and low-power microcontrollers. Cortex®
The-M4F processor is based on the Armv7 architecture and supports a powerful and extensible in-
struction set, including general data processing I/O control tasks, enhanced data processing bit field
operations, digital signal processing (DSP) and floating point arithmetic instructions. Listed below by
Cortex® Some of the system peripherals supplied by M4F:

B Internal bus matrix for the interconnection of I-Code bus, D-Code bus, system bus, private bus
(PPB) and debug private bus (AHB-AP)

Nested Vector Interrupt Controller (NVIC)

Flash address reload and breakpoint unit (FPB)

Data observation point and tracking unit (DWT)

Instrumentation trace macrocell (ITM)

Embedded Tracking Macro Unit (ETM)

Serial line and JTAG debug interface (SWJ-DP)

Trace port interface unit (TPIU)

Memory protection unit (MPU)

Floating point unit (FPU)

System architecture
The system adopts a 32-bit multi-layer AHB bus matrix, which can ensure parallel communication

between multiple masters and multiple slaves:
B Six main control buses:
— Cortex® -M4F core I-Code bus, D-Code bus and system bus
— DMAT1 bus
— DMAZ2 bus
— ETH DMA Bus
B Eight controlled buses:
— Internal Flash I-Code bus
— Internal Flash D-Code bus
— Internal SRAM1 bus
— Internal SRAM2 bus
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— Internal CCM SRAM bus
— AHB1 peripheral bus (including AHB to APB bus bridge and APB peripherals)
— AHB2 Peripheral Bus

— ESMC
Cortex—M4 ETH DMA1 DMA2
With FPU DMA 6¢h 6¢ch
1] 1] 1]
3 3 3
2 2 2
C = )
I A [ [
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Figure 3-1 System architecture diagram

3.21 1 bus
This bus is used to connect the Cortex® The instruction bus of the-M4F core is connected to the bus
matrix. The kernel fetches instructions through this bus. The object accessed by this bus is the memory
containing the code (internal Flash/SRAM1/CCM SRAM or external memory via ESMC).

3.2.2 D_bus
This bus is used to connect the Cortex® The-M4F data bus is connected to the bus matrix. The kernel
makes immediate digital load and debug access through this bus. The object accessed by this bus is
the memory containing code or data (internal Flash/SRAM1/CCM SRAM or external memory via
ESMC).

3.2.3 S bus
This bus is used to connect the Cortex® The system bus of the-M4F core is connected to the bus
matrix. This bus is used to access data located in peripherals or SRAM. The objects accessed by this
bus are 144 KB of internal SRAM1/SRAM2/CCM SRAM, APB1 peripherals including AHB peripherals,

APB2 peripherals, and external memory via ESMC.
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3.24 DMA1/DMA2 BUS

This bus is used to connect the DMA memory bus master interface to the bus matrix. The objects
accessed by DMA through this bus are 144 KB of internal SRAM1, SRAM2, CCM SRAM, APBL1 pe-
ripherals including AHB peripherals, APB2 peripherals, and external memory through ESMC.

3.25 ETH DMA BUS

This bus is used to connect the ETH DMA memory bus master interface to the bus matrix. The objects
accessed by ETH DMA via this bus are 144 KB of internal SRAM1, SRAM2, CCM SRAM, and external

memory via ESMC.

3.2.6 Bus matrix

The bus matrix is used for access arbitration management between master buses. The arbitration uses
a Round Robin algorithm. The system includes 6 Master devices, namely ARM® Cortex® |_BUS,
D _BUS, S BUS, DMA1, DMA2, and ETH DMA of-M4F; And eight Slave devices Slave, which are
internal Flash memory, internal SRAM1, SRAM2, CCM SRAM, AHB1 peripheral (peripheral corre-
sponding to AHB2APB bridge 1 and peripheral corresponding to AHB2APB bridge 2), AHB2 peripheral,
and ESMC, respectively.

3.2.7 AHB/APB bus bridge

3.3

3.3.1

With two AHB/APB bus bridges, APB1 and APB2 can achieve a fully synchronized connection between
the AHB bus and the two APB buses, allowing flexible peripheral frequency selection.
After each chip reset, all peripheral clocks are turned off (except SRAM and Flash interfaces). Before
using a peripheral, its clock must be enabled in the RCC_AHBXENR or RCC_APBXENR register.
For AHB and APB peripheral address mapping information, refer to 3.3.2.
Memory organization architecture

Introduction
Arm® Cortex® The-M4F processor adopts Harvard architecture and can use independent buses to read
instructions and load/store data. The instruction code and data are located in the same memory ad-
dress space, but in different address ranges. Program memory, data memory, registers, and 1/O ports
are all within the same linear 4 GB address space.
The bytes are coded in memory in Little Endian format. The lowest numbered byte in a word is con-
sidered the word’s least significant byte and the highest numbered byte the most significant.
For details on peripheral register mapping, see the relevant sections.

The addressable storage space is divided into 8 main blocks, each of which is 512 MB.
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3.3.2 Memory map

OXFFFF FFFF

0xE010 0000

0xE000 0000

0xC000 0000

0xA000 1400

0xA000 1000

0xA000 0000

0x9000 0000

0x8000 0000

0x6000 0000

0x4000 0000

0x2000 0000

0x0000 0000

ARM Cortex M4
Internal periphrals

User space

Reserved space

ESMC REG

AHB2

ESMC Bank1

AHB1

APB2

APB1

Periphrals

Reserved

uiD

Factory config. bytes

CCM SRAM

Option bytes

SRAM2

QoTP

SRAM1

Code

System memory

CCM SRAM

Main flash

Addressable space

Main flash/
System flash/
RAM

OXSFFF FFFF

0x480C 2000

0x4800 0000

0x4002 3400

0x4002 0000

0x4001 7800

0x4001 0000

0x4000 F400

0x4000 0000

OX1FFF FFFF

Ox1FFF 8000
Ox1FFF 7C00

Ox1FFF 7500
Ox1FFF 7400

Ox1FFF 7000
Ox1FFF 0000
0x1000 8000

0x1000 0000
0x0808 0000

0x0800 0000
0x0008 0000

0x0000 0000

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

Refer to the table below for detailed storage and register space mapping.
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The peripherals that can be used in the product and the corresponding address boundaries are

given in the table below.

Table 3-1 Memory boundary address

Type Boundary Address Size Memory Area Description
1. When the CPU reads and writes
to this space, a Response error is
0x2002 4000 - OX3FFF FFFF | 511 MB Reserved generated, and then a HardFault
exception is entered
2. A TEIF status bit is generated
SRAM when DMA access.
If the hardware power-on configura-
0x2000 0000 - 0x2002 3FFF | 144 KB SRAM tion SRAM is 144 KB, the SRAM
address space is
0x2000 0000-0x20023FFF
Ox1FFF 8000 - Ox1FFF FFFF | 32 KB Reserved -
Ox1FFF 7E0O - OX1FFF 7FFF | 512 Bytes UID bytes Unique ID
Ox1FFF 7600 - Ox1FFF 7DFF | 2 KB Factory config. bytes -
OX1FFF 7400 - OXLFFF 75FF | 512 Bytes | Option bytes Software and hardware option bytes
information
Ox1FFF 7000 - Ox1FFF 73FF | 1 KB OTP -
Ox1FFF 0000 - OX1FFF 6FFF | 28 KB System memory Store Boot loader
0x1008 0000 - OX1FFE FFFF | 256 MB Reserved -
0x1000 0000 - 0x1000 7FFF | 32 KB CCM SRAM -
Code | 0x0808 0000 - OXOFFF FFFF | 127 MB Reserved -
0x0800 0000 - 0x0807 FFFF | 512 KB Main flash memory -
1. When the CPU reads and writes
to this space, a Response error is
i generated, and then a Hard fault ex-
0x0008 0000 - Ox07FF FFFF | 127 MB Reserved ception is entered:;
2. A TEIF status bit is generated
when DMA access.
Depending on the Boot
configuration selection:
0x0000 0000 - 0x0007 FFFF | 512 KB 1) Main flash memory -
System memory
3) SRAM
1. The above space is marked as a reserved space and cannot be written. It is read to 0 and a response error is gener-
ated.
Table 3-2 Peripheral register address
Bus Memory boundary address Peripheral
AHB3 0xA000 1000 - 0xA000 13FF ESMC
0x480C 2000 - Ox5FFF FFFF Reserved
0x480C 0000 - 0x400C 1FFF ETH
0x4808 0000 - 0x480B FFFF USB2 OTG FS
0x4804 0000 - 0x4807 FFFF USB1 OTG FS
0x4800 2800 - 0x4803 FFFF Reserved
AHB2 0x4800 2400 - 0x4800 27FF AES
0x4800 2000 - 0x4800 23FF SDIO
0x4800 1800 - 0x4800 1FFF Reserved
0x4800 1400 - 0x4800 17FF GPIOF
0x4800 1000 - 0x4800 13FF GPIOE
0x4800 0C00 - 0x4800 OFFF GPIOD
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Bus Memory boundary address Peripheral
0x4800 0800 - 0x4800 OBFF GPIOC
0x4800 0400 - 0x4800 O7FF GPIOB
0x4800 0000 - 0x4800 03FF GPIOA
0x4002 3400 - 0x4002 FFFF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserved
0x4002 2000 - 0x4002 23FF FMC
0x4002 1400 - 0x4002 1FFF Reserved

AHBL 0x4002 1000 - 0x4002 13FF RCC
0x4002 0CO00 - 0x4002 OFFF CORDIC
0x4002 0800 - 0x4002 OBFF Reserved
0x4002 0400 - 0x4002 O7FF DMA2
0x4002 0000 - 0x4002 03FF DMA1
0x4001 7800 - 0x4001 FFFF Reserved
0x4001 7400 - 0x4001 77FF LCDC
0x4001 7000 - 0x4001 73FF OPA
0x4001 6C00 - 0x4001 6FFF COMP
0x4001 6800 - 0x4001 6BFF RNG
0x4001 6400 - 0x4001 67FF TIMER19
0x4001 6000 - 0x4001 63FF TIMER17
0x4001 5C00 - 0x4001 5FFF TIMER16
0x4001 5800 - 0x4001 5BFF TIMER15
0x4001 5400 - 0x4001 57FF TIMER11
0x4001 5000 - 0x4001 53FF TIMER10

APB2 0x4001 4CO00 - 0x4001 4FFF TIMER9
0x4001 4000 - 0x4001 4BFF Reserved
0x4001 3CO00 - 0x4001 3FFF ADC3
0x4001 3800 - 0x4001 3BFF USART1
0x4001 3400 - 0x4001 37FF TIMERS
0x4001 3000 - 0x4001 33FF SPI1/12S51
0x4001 2C00 - 0x4001 2FFF TIMER1
0x4001 2800 - 0x4001 2BFF ADC2
0x4001 2400 - 0x4001 27FF ADC1
0x4001 0800 - 0x4001 23FF Reserved
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 O3FF SYSCFG
0x4000 F400-0x4000 FFFF Reserved
0x4000 E00O - 0x4000 F3FF CAN2.0
0x4000 CC00-0x4000 DFFF CANFD
0x4000 C800 - 0x4000 CBFF CTC
0x4000 B400 - 0x4000 C7FF Reserved

APB1 0x4000 ACOO - 0x4000 B3FF CANMEM
0x4000 8800 - 0x4000 ABFF Reserved
0x4000 8400 - 0x4000 87FF 12C4
0x4000 8000 - 0x4000 83FF LPUART1
0x4000 7CO00 - 0x4000 7FFF LPTIM1
0x4000 7800 - 0x4000 7BFF 12C3
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Bus Memory boundary address Peripheral
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PWR
0x4000 6D00 - 0x4000 6FFF Reserved
0x4000 6C00 - 0x4000 6CFF BKP
0x4000 6000 - 0x4000 6BFF Reserved
0x4000 5CO00 - 0x4000 5FFF UARTS3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART2
0x4000 4CO00 - 0x4000 4FFF UART1
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF SPI3/12S3
0x4000 3800 - 0x4000 3BFF SPI2/12S2
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF TIMER18
0x4000 2000 - 0x4000 23FF TIMER14
0x4000 1CO00 - 0x4000 1FFF TIMER13
0x4000 1800 - 0x4000 1BFF TIMER12
0x4000 1400 - 0x4000 17FF TIMER7
0x4000 1000 - 0x4000 13FF TIMER6
0x4000 0CO0 - 0x4000 OFFF TIMERS
0x4000 0800 - 0x4000 OBFF TIMER4
0x4000 0400 - 0x4000 O7FF TIMER3
0x4000 0000 - 0x4000 O3FF TIMER2

1. AHB in the above table is marked as a reserved address space, which cannot be written. The readback is 0, and a

Hard fault is generated.

3.4 Embedded SRAM
PY32E407 series devices have built-in static SRAM with a maximum of 144 KB bytes. According to

different product definitions, the SRAM capacity will vary. Please refer to the data sheet for details. It

can be accessed in bytes, half words (16 bits), or full words (32 bits). The start address of the SRAM

is 0x2000 0000.

96K SRAML1 (mapped to address 0x2000 0000)
16K SRAM2 (mapped to address 0x2001 8000)

32K CCM SRAM (mapped to address 0x1000 0000 and end 0x2001 C0O00 of SRAM2)

when boot fromSRAM1 is selected or when physical remap is selected,it is accessed by the CPU

through I-Code/D-Code bus for maximum performance.
The CCM SRAM SRAM mapped at address 0x1000 0000.

Due to accessed by I-Code bus for maximum performance from CCM SRAM without any remapping.
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The CCM SRAM succeeds the address at the end SRAM, providing contiguous address space with
SRAM and SRAM.

3.4.1 Parity check

The first 32 KB of SRAM1 and the entire CCM SRAM comes with parity.

The user can enable parity using the option bit SRAM_PE in the user options byte.

The data bus width is 36 bits because 4 bits are available for parity (1 bit per byte).

Parity bits are automatically calculated and stored when written to SRAM. Then, it is automatically
checked when reading. If 1 bit fails, an NMI end interrupt is generated. Errors can also be linked to
BRK_IN of TIM1/TIM8/TIM15/TIM16/TIM17.

Note: When SRAM parity is enabled, it is recommended to initialize the SRAM with software to avoid

parity errors when reading.

3.4.2 CCM SRAM Write Protection

CCM SRAM can be write-protected with a page granularity of 1 K bytes.

Write protection can be enabled in the SYSCFG CCM SRAM write protection register
(SYSCFG_SWPR) in SYSCFG. This is a register with a one-time write "1" mechanism, which means
that "write protection” is set for this page of SRAM by a one-time write "1" and this setting can only be

cleared by a system reset.

Table 3-3 CCM SRAM configuration

Page number Start address End address

Page 0 0x1000 0000 / 0x2001 C000 0x1000 03FF / 0x2001 C3FF
Page 1 0x1000 0400 / 0x2001 C400 0x1000 07FF / 0x2001 C7FF
Page 2 0x1000 0800 / 0x2001 C800 0x1000 OBFF/0x2001 CBFF
Page 3 0x1000 0CO00 / 0x2001 CC00 0x1000 OFFF/0x2001 CFFF
Page 4 0x1000 1000 / 0x2001 DOOO 0x1000 13FF / 0x2001 D3FF
Page 5 0x1000 1400 / 0x2001 D400 0x1000 17FF / 0x2001 D7FF
Page 6 0x1000 1800 / 0x2001 D800 0x1000 1BFF/0x2001 DBFF
Page 7 0x1000 1C00 / 0x2001 DCOO 0x1000 1FFF/0x2001 DFFF
Page 8 0x1000 2000 / 0x2001 EOOO 0x1000 23FF / 0x2001 E3FF
Page 9 0x1000 2400 / 0x2001 E400 0x1000 27FF / 0x2001 E7FF
Page 10 0x1000 2800 / 0x2001 E800 0x1000 2BFF/0x2001 EBFF
Page 11 0x1000 2C00 / 0x2001 EC00 0x1000 2FFF/0x2001 EFFF
Page 12 0x1000 3000 / 0x2001 FO00 0x1000 33FF / 0x2001 F3FF
Page 13 0x1000 3400 / 0x2001 F400 0x1000 37FF / 0x2001 F7FF
Page 14 0x1000 3800 / 0x2001 F800 0x1000 3BFF/0x2001 FBFF
Page 15 0x1000 3C00 / 0x2001 FCOO0 0x1000 3FFF/0x2001 FFFF
Page 16 0x1000 4000/0x2002 0000 0x1000 43FF / 0x2002 03FF
Page 17 0x1000 4400/0x2002 0400 0x1000 47FF / 0x2002 O7FF
Page 18 0x1000 4800/0x2002 0800 0x1000 4BFF / 0x2002 OBFF
Page 19 0x1000 4C00 / 0x2002 0C00 0x1000 4FFF / 0x2002 OFFF
Page 20 0x1000 5000/0x2002 1000 0x1000 53FF / 0x2002 13FF
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Page 21 0x1000 5400/0x2002 1400 0x1000 57FF / 0x2002 17FF
Page 22 0x1000 5800/0x2002 1800 0x1000 5BFF / 0x2002 1BFF
Page 23 0x1000 5C00 / 0x2002 1C00 0x1000 5FFF / 0x2002 1FFF
Page 24 0x1000 6000/0x2002 2000 0x1000 63FF / 0x2002 23FF
Page 25 0x1000 6400/0x2002 2400 0x1000 67FF / 0x2002 27FF
Page 26 0x1000 6800/0x2002 2800 0x1000 6BFF / 0x2002 2BFF
Page 27 0x1000 6C00 / 0x2002 2C00 0x1000 6FFF / 0x2002 2FFF
Page 28 0x1000 7000/0x2002 3000 0x1000 73FF / 0x2002 33FF
Page 29 0x1000 7400/0x2002 3400 0x1000 77FF / 0x2002 37FF
Page 30 0x1000 7800/0x2002 3800 0x1000 7BFF / 0x2002 3BFF
Page 31 0x1000 7C00 / 0x2002 3C00 0x1000 7FFF / 0x2002 3FFF

3.4.3 CCM SRAM Read protection

The CCM SRAM has read protection (RDP). For more information, see4.10.1: Flash Read Protection
(RDP).

3.4.4 CCM SRAM Erasure

3.5

3.6

The CCM SRAM may use the option configuration bit CCMSRAM_RST toerase the content at the time
of reset (refer to 4.8.1the Flash option byte description). The CCMSR control bit implementation can
also be set using software methods (refer t010.2.22 the SYSCFG CCM SRAM Control and Status
Register (SYSCFG_SCSR)).

Embedded Flash

Flash memory consists of two different physical areas:

B The Main flash area, 512 KB, consists of two Banks, which contain application and user data.
According to different product definitions, Flash capacity will vary. Please refer to the data sheet
for details. Used to store user programs and user data. Software access to space outside the set
range will produce a Hard fault.

B Information area, 32 KB, consists of the following sections:

— Factory config. bytes: 2048 Bytes

— UID: 512 Bytes, used to store the UID of the chip

— OTP: 1024 Bytes, used to store user OTP data

— Option bytes: 256 Bytes, used to store configuration values for chip hardware and storage
protection

— System memory: 28 KB for the Boot loader

Flash interface realizes instruction reading and data access based on AHB protocol, and it realizes the

basic program/erase operations of Flash through registers.

Bit segment

Cortex ® The-M4F memory map includes two bit segment regions. These regions map each word in

the memory alias region to a corresponding bit in the memory bit segment region. When a word is

written in the alias area, it is equivalent to performing a read-modify-write operation on the target bit

of the bit segment area.
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In the PY32E407 device, both peripheral registers and SRAM are mapped to a bit region, which ena-
bles read and write operations of a single bit region. These operations are only available for Cortex® -
M4F access, not valid for other bus master interfaces such as DMA.
The correspondence between each word in the alias region and each bit in the bit segment region may
be described by a mapping formula. The mapping formula is:

Bit_ word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)

with:
— Bit_word_addr represents the address of the word that will be mapped to the target bit in the
alias area
— Bit_band_base represents the starting address of the alias zone
— Byte_offset represents the byte number in the bit segment area where the target bit is located
— Bit_number represents the bit position of the target bit (0-7)
example

The following example illustrates how to map bit 2 of a byte at SRAM address 0x2000 0300 to an
alias region:

0x2200 6008 = 0x2200 0000 + (0x300 * 32) + (2 * 4)

Performing a write operation to address 0x2200 6008 is equivalent to performing a read-modify-write
operation at bit 2 of the byte at SRAM address 0x2000 0300.

Performing a read operation to address 0x2200 6008 will return the value of bit 2 of the byte at SRAM
address 0x2000 0300 (0x01 for position bit, 0x00 for bit reset).

For more information about bit segments, see Cortex ® -M4F Programming Manual
(DUI508B_cortex_m4_ugrm.pdf).

3.7 Start Configuration
By configuring the bits BOOTO pin, nBOOTO0/NnBOOT1/nSWBOOTO (stored in option bytes), you can
select three different boot modes, as shown in the following table:
Table 3-4 Boot configuration
Boot mode configuration
BOOT_Lock nBOOT1 nBOOTO BOOTO nSWBOOTO Mode
FLASH_OPTR2[8] | FLASH_OPTR2[14] | Pin PB8 | FLASH_OPTR2[13]
1 X X X X Boot from Main flash
0 X X 0 1 Boot from Main flash
0 X 1 X 0 Boot from Main flash
0 0 X 1 1 Boot from SRAM1
0 0 0 X 0 Boot from SRAM1
0 1 X 1 1 Boot from System flash
0 1 0 X 0 Boot from System flash

The Boot loader program is stored in the System memory and is used to download Flash programs
through USART, USB, SPI, and I?C interfaces.

After system reset, the value of the BOOTO pin or the user option configuration bit (depending on the
value of the nSWBOOTO bit in the FLASH_OPTR register) and the nBOOT1 bit are latched. When you
exit from standby mode, the value of the BOOT pin will be re-latched; Therefore, the BOOT pin should
remain in the required BOOT configuration in standby mode.

Depending on the selected boot mode, the main flash memory, the system memory, or the SRAM 1
may be accessed in the following manner:

B Boot from the main flash memory: The main flash memory is mapped to the boot space (0x0000
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0000), but it can still be accessed at its original address (0x0800 0000), i.e. the contents of the
flash memory can be accessed in two address areas, 0x0000 0000 or 0x0800 0000.
B Boot from system memory: System memory is mapped to boot space (0x0000 0000), but it can
still be accessed at its original address (0x1FFF 0000).
B Boot from built-in SRAM1: SRAM1 is mapped to the boot space (0x0000 0000), but it can still be
accessed at its original address (0x2000 0000).
After boot, the CPU acquires the address at the top of the stack from the address 0x0000 0000, and
starts executing code from the address indicated by 0x0000 0004 of the boot memory. Because of
the fixed memory image, the code area always starts at address 0x0000_0000 (accessed via the ICode
and DCode buses), while the data area (SRAM) always starts at address 0x2000_0000 (accessed via
the system bus). The CPU of the Cortex M4F always gets the reset vector from the ICode bus, i.e.
boot is only suitable for starting from the code area (typically boot from Flash). The PY32E407 series
microcontrollers implement a special mechanism that can be booted from on-chip SRAM. When boot-
ing from on-chip SRAM, in the initialization code of the application, the NVIC's exception table and

offset register must be used to remap the vector table into SRAM.

3.7.1 System Storage Startup

The system memory contains an embedded boot loader that can be used to program the flash memory.

The boot loader reprograms the flash memory through the USART or USB interface.

3.7.2 Physical remap

When the boot pin is selected, the application software can set some memory to be accessed from the
code space (so that code can be executed over the ICode bus instead of the system bus). Such mod-
ifications are achieved by programming SYSCFG.MEM_ MODE in the SYSCFG controller. The fol-
lowing memories can thus be remapped:
B Main flash
®  System memory
B Embedded SRAM1
B ESMC

Table 3-5 Physical remapping address

Address Main Flash Embedded SRAM1 System memory ESMC

Start/Remap Start/Remap Start/Remap Remapping

0x2000 0000 - 0x2001 7FFF SRAM1 SRAM1 SRAM1 SRAM1

System

Ox1FFF 0000 - Ox1FFF 7FFF memory System memory System memory System memory

0x0808 0000 - OXxOFFF FFFF Reserved Reserved Reserved Reserved

0x0800 0000 - 0x0807 FFFF Flash Flash Flash Flash

0x0400 0000 - 0x07FF FFFF Reserved Reserved Reserved ESMC

0x0000 0000 - 0xO3FF FFFF _Flash SRAM1 System memory (28 ESMC
(using aliases) (using aliases) KB) (using aliases)
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4.2

Embedded Flash interface

Introduction
The Flash interface can manage the CPU to access Flash through the AHB I-Code and D-Code buses.

The interface can be executed against Flash

Erase and program operations, and implement read and write protection mechanisms.
The Flash memory interface accelerates code execution with a system of instruction prefetch and
cache lines.

Main Features

®  Memory organization:

— Main memory: Up to 512 KB

— Information memory: 32 KB

— Page size: 512 Bytes

— Sector size: 4 KB

— Block size: 64 KB

— 137-bit wide data read (128 bits data+9 bits ecc)

— 137-bit wide data write (128 bits data+9 bits ecc)

Flash read operation

Flash programming operations (page programming)

Flash erase operation (page erase/sector erase/block erase/full erase)
Read/write protection

Prefetch operations on I-Code

Branch caching on I-Code

Data caching on D-Code

B Option byte loading function

4.3Flash memory organization

Flash memory consists of a 137-bit wide (128 bits data + 9 bits ecc) cell, has a dual-Bank architecture
that supports read-write function (RWW), and can be used as storage for programs and data. Page

size is 512 Bytes, Sector size is 4 KB, and Block size is 64 KB.

Functionally, Flash memory is divided into Main flash and Information flash. The former has a maxi-
mum capacity of 512 KB, and the latter has a capacity of 32 KB, as follows:

Table 4-1 Flash memory structure and boundary address

Area Space Name Address Size (bytes)
Sector 0 Page 0-7 0x0800 0000 - 0x0800 OFFF 4°K
Sector 1 Page 8-15 0x0800 1000 - 0x0800 1FFF 4°K
Block 0
Sector 15 Page 120-127 0x0800 FO00-0x0800 FFFF 4 °K
Main BankO
memory Sector 48 Page 384-391 0x0803 0000 - 0x0803 OFFF 4°K
Block 3 Sector 49 Page 392-399 0x0803 1000 - 0x0803 1FFF 4°K
Sector 63 Page 504-511 0x0803 F000-0x0803 FFFF 4 °K
Bankl | Block 4 Sector 64 Page 512-519 0x0804 0000 - 0x0804 OFFF 4°K
Sector 65 Page 520-527 0x0804 1000 - 0x0804 1FFF 4°K
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Sector 79 Page 632-639 0x0804 F000-0x0804 FFFF 4 °K
Sector 112 Page 896-903 0x0807 0000 - 0x0807 OFFF 4°K
Block 7 Sector 113 Page 904-911 0x0807 1000 - 0x0807 1FFF 4°K
Sector 127 Page 1016-1023 0x0807 FO00-0x0807 FFFF 4 °K
System memory Ox1FFF 0000 - Ox1FFF 6FFF 28 °K
Informatin oTP O0x1FFF 7000 - Ox1FFF 73FF 1°K
block BankO Option bytes O0x1FFF 7400 - OX1FFF 75FF 512
Factory config. bytes 0x1FFF 7600 - Ox1FFF 7DFF 2°K
uiD O0x1FFF 7E00 - OX1FFF 7FFF 512
4.4 Error code correction (ECQC)

4.5

The data in the flash memory is 137 bits: each 128 bits add 9 bits ECC.

The ECC mechanism supports:

B One-bit error detection and correction

B Two-bit error detection

When a one-bit erroris detected and corrected, the flag ECCC (ECC Correction) is set in the
FLASH_ECCR register. If ECCCIE is also set, an interrupt will be generated.

When a two-bit error is detected, the flag ECCD (ECC detection) is set in the FLASH_ECCR register.
In this case, an NMI interrupt is generated.

When an ECC error is detected, the failure address and its associated Bank are saved in ADDR_ECC,
SYSF_ECC, and BK_ECC in the FLASH_ECCR register.

When ECCC or ECCDis set, ADDR_ECC, SYSF_ECC, and BK_ECC are not updated if a new ECC
error occurs. FLASH_ECCR is updated only afterthe ECC flag is cleared.

Note: When accessing the initial data: 0x1FF FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF, a one-
bit error is detected and corrected.

Read access latency

In ordertocorrectly read instructions/data from the Flash memory, it is necessary to set the number of
waiting cycles (Latency) of the register Flash_ACR according to the frequency of the CPU clock
(HCLK).

After chip reset (including power-on reset, system reset, and exit Standby reset), the HCLK clock fre-
quency is 16 MHz and the number of Flash read cycles is O.

When changing the CPU clock frequency or range, you must follow the following software steps to
adjust the number of waiting cycles required to access Flash memory.

Operation steps when increasing CPU frequency

1. Program a new number of wait cycles to the LATENCY bit in the FLASH_ACR register

2. Check whether the new waiting period is set successfully by reading the FLASH_ACR register

3. Modify the CPU clock source by overwriting the SW bit in the RCC_CFGR register

4. If necessary, the CPU clock prescaler can be modified by rewriting the HPRE bit in the RCC_CFGR
5. By reading the corresponding clock source state (SWS bit) and/or AHB prescalation value in the
RCC_CFGR register

(HPRE bit), check whether the new CPU clock source and/or the new CPU clock prescalation value is
successfully set

Operation procedures when reducing CPU frequency
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4.6

4.7

1. Modify the CPU clock source by overwriting the SW bit in the RCC_CFGR register
2. If necessary, the CPU clock prescaler can be modified by rewriting the HPRE bit in the RCC_CFGR
3. By reading the corresponding clock source state (SWS bit) and/or AHB prescalation value in the
RCC_CFGR register
(HPRE bit), check whether the new CPU clock source and/or the new CPU clock prescalation value is
successfully set
4. Program the new number of waiting cycles to the LATENCY bit in FLASH_ACR
5. Check whether the new waiting period is set successfully by reading the FLASH_ACR register
Adaptive real-time memory accelerator
Proprietary Adaptive Real Time (ART) Memory Accelerator for ARM ® Cortex ® The-M4F processor
is optimized. This accelerator well embodies the inherent performance advantages of ARM Cortex
M4F, and overcomes the situation that high-speed processors often need to wait for FLASH reading
during operation under normal conditions.
In order to give full play to the performance of the processor, the accelerator will implement instruction
prefetch queue and branch cache, thus improving the program execution speed of 128-bit Flash. Ac-
cording to the CoreMark benchmark, the performance obtained with the ART accelerator is equivalent
to Flash executing programs with 0 wait cycles at CPU frequencies up to 170 MHz.
B Instruction prefetch

Each Flash read operation can read 128 bits, which can be 4 lines of 32-bit instructions or 8 lines of
16-bit instructions, depending on the program programmed in Flash. Therefore, for sequentially exe-
cuted code, it takes at least 4 CPU cycles to execute the previously read 128-bit instruction line. When
the CPU requests the current instruction line, the prefetch operation of the I-Code bus can be used to
read the next consecutively stored 128-bit instruction line in Flash.
B Instruction cache memory

In order to reduce the time loss caused by instruction jumping, 64 lines of 128-bit instructions can be
saved to the instruction cache memory. Whenever an instruction is missing (i.e., the requested instruc-
tion does not exist on the currently used instruction line, prefetch instruction line, or instruction cache
memory), the system copies the newly read line into the instruction cache memory. If the instruction
requested by the CPU already exists in the instruction buffer, it can be fetched immediately without
any delay. After the instruction cache memory is full, the LRU (Least Recently Used) policy can be
used to determine the instruction line to be replaced in the instruction cache memory. This feature is
particularly useful in case of code containing loops.
B Data management

During the CPU pipeline execution phase, the data buffer in Flash will be accessed through the D-
Code bus. The CPU pipeline will only continue to execute after it obtains the requested data. In order
to reduce the resulting time loss, access via the AHB data bus D-Code takes precedence over access
via the AHB instruction bus I-Code. This feature works similarly to instruction cache memory, but the
reserved data size is limited to 8 lines and 128 bits.
Erasure and program operations

Flash can be programmed through ICP (In-circuit programming) or IAP (In-application programming).
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ICP: Used to update the contents of the entire Flash memory, you can use the JTAG/SWD protocol or
Boot loader,

Load the user application into the MCU.

IAP: You can use the communication interface supported by the chip to download the data to be pro-
grammed into Flash. IAP allows the user to program flash memory again while the application is run-
ning.
If a reset occurs during a Flash program or erase operation, the contents of the Flash memory are
not protected.
During a program or erase operation on one Bank, read access can be made to another Bank. Hard
fault will be generated when reading and writing BANK in the program or erase operation.
HSI must be turned on for program and erase operations.
4.7.1 Unlocking the Flash memory
After reset, the Flash control register (Flash_CR) does not allow write operations to prevent unex-
pected operations on the Flash due to electrical interference or the like. Each erase and program
operation on Flash must be unlocked by writing Flash_KEYR to enable access tothe Flash_CR reg-
ister.
This is done in the following steps:
Step 1: Write KEY1 = 0x4567 0123 to the FLASH_KEYR register
Step 2: Write KEY2 = OXCDEF 89AB to the FLASH_KEYR register
Any mistiminglocks the FLASH_CR register until the next reset. At the wrong KEY timing, a bus Hard
fault interrupt will be generated. Such errors include a KEY1 mismatch for the first write cycle, or a
KEY1 match but a KEY2 mismatch for the second write cycle.
The FLASH_CR register may be lockedagain by software writing the LOCK bit of the FLASH_CR
register.
Note: When the BSY bit of the FLASH_SR register is set, the FLASH_CR register cannotbewritten.
4.7.2 Flash memory erase
Flash erase operation supports page, sector, block, bank erase, and does not work on information
memory when BankO0 erase is executed.
4.7.2.1 Flash page erasure
The Page erase is used to erase the 512 Bytes Main flash, but it does not work for the Information
area.
When a page is protected by WRP, it will not be erase. At this time, the WRPERR bit is set.
The specific steps of the page erase operation are as follows:
1) Check the BSY bit of the flash_SR register to confirm that there is no flash operation in progress
2) Write KEY1 and KEY2 to the FLASH_KEYR register in turn to release the protection of the
FLASH_CR register
3)Setthe PER bit and EOPIE bit of the FLASH_CR register
4) Write arbitrary data to this page (must be 32-bit data)
5) Wait for the BSY bit to be cleared

68/1101



PY32E407 Reference Manual

6) Check that the EOP flag bit is set
7) Clear the EOP flag
4.7.2.2 Flash sector erase
Sector erase is used to erase the 4 KB Main flash, but it does not work for the Information area.
When a sector is protected by WRP, it will not be erase. At this time, the WRPERR bit is set.
The specific steps of the sector erase operation are as follows:
1) Check the BSY bit to confirm whether there is no ongoing Flash operation
2) Write KEY1 and KEY2 to that FLASH_KEYR register in turn to release the protection of the
FLASH_CR register
3)Setthe SER bit and EOPIE bit of the FLASH_CR register
4) Write arbitrary data to this sector (must be 32-bit data)
5) Wait for the BSY bit to be cleared
6) Check that the EOP flag bit is set
7) Clear the EOP flag
4.7.2.3 Flash block erasure
The Block erase is used to erase the 32 KB Main flash, but does not work for the Information area.
When a Block is protected by WRP, it will not be erase. At this time, the WRPERR bit is set.
The specific steps of block erase operation are as follows:
1) Check the BSY bit to confirm whether there is no ongoing Flash operation
2) Write KEY1 and KEY2 to that FLASH_KEYR register in turn to release the protection of the
FLASH_CR register
3)Setthe BER bit and EOPIE bit of the FLASH_CR register
4) Write arbitrary data to this block (32 bits data must be)
5) Wait for the BSY bit to be cleared
6) Check that the EOP flag bit is set
7) Clear the EOP flag
4.7.2.4 Flash Bank Erasure
Bank erase is used to erase the 256 KB Main flash, but it does not work for the Information area.
When WRP is enabled, the Bank erase function is invalid, no Bank erase operation is generated, and
the WEPERR bit is set.
The specific steps of Bank erase operation are as follows:
1) Check the BSY bit to confirm whether there is no ongoing Flash operation
2) Write KEY1 and KEY2 to that FLASH_KEYR register in turn to release the protection of the
FLASH_CR register
3) Set the MERL1 bit or MERO bit andthe EOPIE bit of the FLASH_CR register
4) Write any data to any Flash space corresponding to Bank Flash (32 bits data must be required)
5) Wait for the BSY bit to be cleared
6) Check that the EOP flag bit is set
7) Clear the EOP flag

4.7.3 Flash memory programming
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4.8

Flash memory is performed in units of 32 bits (word) each time (a half word or byte operation will
generate a Hard fault)

program operation for the entire page. When the PG bit of the Flash_CR register is set and the
CPUwrites 32 bitsof data tothe Flash memory address space, the program operation starts.

If the flash address space to be programmed is an area set to protect by the flash WRPR register,
then

The program operation is ignored and the WRPRTERR bit of the FLASH_CR register is set. Knots of
Program operations

Bundle, the EOP bit of the FLASH_CR register is set.

The specific operation steps of the Flash program are as follows:

1) Check the BSY bit of the Flash_SR register to determine whether there is currently no continuing
Flash operation

2) If there is no ongoing Flash erase or program operation, the software reads out 128 of the Page
word (if you need to keep the data already existing on this page, perform this step, otherwise skip this
step)

3) Write KEY1 and KEY2 to the FLASH_KEYR register in turn to release the protection of the
FLASH_CR register

4)Setthe PG bit and EOPIE bit of the FLASH_CR register

5) Perform the 1st to 127th word program operations to the target address (only 32-bit programs are
accepted)

6)Setthe PGSTRT of the FLASH_CR register

7) Write the 128th word

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

9) Check the EOP flag bit of the FLASH_SR register (this bit is set when the program operation has
been successful), and then

Software clears this bit

10) If there is no more program operation, the software clears the PG bit

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

the BSY bit is set by the hardware.
FLASH option bytes

4.8.1 Flash option byte description

Part of the Flash Information area in the chip is used as an option byte, which is used to store the
configuration of the chip or the hardware required by the user for the application. As a configuration
example, the watchdog may be selected in hardware or software mode.

For data security, option bytes are stored separately in positive code and negative code form.

Table 4-2 Options byte format

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

The contents of the option bytes can be read from the memory addresses described in the option byte

structure in Table 4-3, or from the registers associated with the following option bytes:
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Flash user options register 1 (Flash_OPTR1)

Flash user options register 2 (Flash_OPTR2)

Flash WRP area address register (FLASH_WRPR)

Flash PCROPOSR address register (FLASH_PCROPO0OSR)
Flash PCROPOER address register (FLASH_PCROPOER)
Flash PCROP1SR address register (FLASH_PCROP1SR)
Flash PCROP1ER address register (FLASH_PCROP1ER)

Table 4-3 Options byte structure

Word Address

Description

Ox1FFF 7400

User options byte 1 and inverse code

OX1FFF 7404

User options byte 2 and inverse code

Ox1FFF 7408

Reserved

Ox1FFF 740C

WRP address option byte and complemented code

Ox1FFF 7410

PCROPOSR Address Option Byte and complemented code

OX1FFF 7414

PCROPOER Address Option Byte and complemented code

Ox1FFF 7418

PCROP1SR Address Option Byte and complemented code

Ox1FFF 741C

PCROP1ER Address Option Byte and complemented code

Reserved

OXLFFF 74FF

Reserved

4.8.1.1 Option bytes for Flash user option 1

Flash memory address: Ox1FFF 7400

Production value: 0x0955 F6AA

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

option byte area of the Flash information memoryand 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
~ RST RST - ~ ~ .
WWDG_SW TSTD n_ IWS?/\(I; BFB | wpc_sTpey | TWDG_STOP | Res ~RDP[7: 0]
BY sToP | -
R R R R R R R R [ R TR I R]ITRIJR]JR]JR
15 14 13 12 11 10 9 8 7 | e | 5 | 4 [ 3 12111 o
nRST nRST \WDG
WWDG_SW _STD _ SW BFB IWDG_STDBY IWDG_STOP Res RDP[7: 0]
BY sToP | =
R R R R R R R R T R ITRTRIJTRIJIR]JRI]R
Bit Name R/W Function
31 ~WWDG_SW R Complemented code of WWDG_SW
30 ~nRST _STDBY R Inverse code of NRST _STDBY
29 ~nRST_STOP R Inverse code of NRST _STOP
28 ~IWDG_ SW R Complemented code of IWDG_SW
27 ~ BFB R Complemented code of BFB
26 ~ IWDG_STDBY R Inverse code of WDG_STDBY
25 ~IWDG_STOP R Complemented code of IWDG_STOP
24 Reserved - -
23:16 ~ RDP R Complemented code of RDP
15 WWDG SW R O Hardware yvmdow watchdog
- 1: software window watchdog
14 NRST STDBY R 0 Reset generated yvhen entering Standby mode
- 1: No Reset generation
13 NRST STOP R O Reset is generate_d when entering Stop mode
— 1: No Reset generation
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12

IWDG_SW

0: Hardware independent watchdog
1: Software independent watchdog

11

BFB

0: Start from BankO (BankO mapped at 0x0800 0000; Bank1l
mapped at 0x0804 0000)
1: Start from Bank1 (Bank1 mapped at 0x0800 0000; BankO
mapped at 0x0804 0000)

10

IWDG_STDBY

Set the IWDG timer running status in Standby mode
0: freeze timer
1: Normal operation

9

IWDG_STOP

Set the running status of IWDG timer in Stop mode
0: freeze timer
1: Normal operation

8

Reserved

7:0

RDP

R

OxAA: level 0, read protection is invalid
Non-0xAA: level 1, read protection valid

4.8.1.2 Option bytes for Flash user option 2

Flash memory address: Ox1FFF 7404

Production value: 0x80FF 7F00

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

option 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
BOOT_LOCK | nBOOTO B'ch;VT_o CCMSRAM_RST | SRAM_PE | NRST_MODE | nBOOT1 Res
R R R R R R [ R R -
15 14 13 12 11 10 [ 9 8 7] 6 [ 5 ] 4 [ 3J]2J1]Jo
BOOT_LOCK | nBOOTO B'ch;VT_o CCMSRAM_RST | SRAM_PE | NRST_MODE | nBOOT1 Res
BOOT_LOCK R R R R R | R R
Bit Name R/W Function
31 ~ BOOT _Lock R Inverse code of BOOT_LOCK
30 ~nBOOTO R Complemented code of nBOOTO
29 ~nSWBOOTO R Inverse code of nNSWBOOTO
28 ~ CCMSRAM_RST R Inverse coding of CCMSRAM_RST
27 SRAM_PE R Inverse coding of SRAM_PE
26: 25 ~ NRST_MODE R Complemented code of NRST_MODE
24 ~nBOOT1 R Complemented code of nBOOT1
23:16 Reserved - -
Use to force boot from user Flash zone
15 BOOT_LOCK R 0: Start based on pad/option bit configuration
1: Forced boot from master flash
nBOOTO option bit
14 nBOOTO R 0: nBOOTO0 =0
1: nBOOTO =1
Software BOOTO
13 nSWBOOTO R 0: BOOTO is taken from option bit nBOOTO
1: BOOTO is taken from PB8/BOOTO pin
CCM SRAM erase on system reset:
12 CCMSRAM_RST R 0: CCM SRAM erase when system reset occurs
1: CCM SRAM does not erase when system reset occurs
SRAM1 and CCM SRAM parity grant bits
11 SRAM_PE R 0: license
1: Disabled
PF5 pad mode
00: Reset input/output
10: 9 NRST_MODE R 01: Reset input
10: GPIO
11: Reset input/output
R The boot configuration and the BOOTO pin determine the selection
8 nBOOT1 of boot mode from flash main memory, SRAM1, or system memory.
See Section 3.7: Startup Configuration.
7:0 Reserved - -

4.8.1.3 Option bytes for Flash WRP addresses
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Flash memory address: Ox1FFF 740C
Production value: 0xFF00 O0FF
After the power-on reset (POR/OBL_LAUNCH) is released, the corresponding value is read from the

option byte area of the flash information memory and written to the corresponding option bit of the

register.
31 | 30 [ 29 [ 28 [ 21 [ 26 | 25 [ 24 23 [ 22 | 21 [ 20 [ 19 [ 18 [ 17 [ 16
Res ~WRP[7: 0]
- R | R T R | R | R R [ R ] R
15 [ 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 7 | 6 | 5 [ 4 | 3 | 2 [ 1 ] o
Res WRP [7: 0]
- R | R T R I R [T R [T R T R ] R
Bit Name R/W Function
31: 24 Reserved - -
23:16 ~WRP R Complemented code of WRP
15: 8 Reserved - -
0: block [y] is protected
7:0 WRP R 1: block [y] Unprotected
y=0~7

4.8.1.4 Option bytes for Flash PCROPOSR address
Flash memory address: Ox1FFF 7410
Production value: OXFEOO 01FF
After the power-on reset (POR/OBL_LAUNCH) is released, the corresponding value is read from the

option 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 [ 22 | 20 [ 19 [ 18 [ 17 ]| 16
Res ~ PCROPOSR [8: 0]
- R [ R [ R T R I R [ R [T R T R ] R

15 [ 14 [ 13 [ 12 [ 11 [ 10 [ 9 8 | 7 | 6 [ 5 | 4 | 3 | 2 | 1 | 0
Res PCROPOSR [8: 0]
- R | R T R T R T R I R T R [ R ] R

Bit Name R/W Function

31:25 Reserved - -

24:16 ~ PCROPOSR R Complemented code of PCROPOSR

15:9 Reserved - -

8:0 PCROPOSR R BANKO PCROP Zone start address (in Page)

4.8.1.5 Option bytes for Flash PCROPOER address
Flash memory address: Ox1FFF 7414
Production value: OxFFFF 0000
After the power-on reset (POR/OBL_LAUNCH) is released, the corresponding value is read from the

option 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 [ 20 | 20 [ 19 [ 18 [ 17 | 16
Res ~ PCROPOER [8: 0]
- R | R | R [T R [T R [ R [T R T R ] R

14 [ 14 [ 13 [ 12 [ 112 [ 10 [ 9 8 | 7 [ e | 5 | 4 [ 3 [ 2 1T 1 ] 0
Res PCROPOER [8: 0]
- R | R JT R I R I R | R T R [ R ] R

Bit Name R/W Function

31: 25 Reserved - -

24:16 ~ PCROPOER R Complemented code of PCROPOER

15: 9 Reserved - -

8:0 PCROPOER R BANKO PCROP Zone End Address (in Page)

4.8.1.6 Option bytes for Flash PCROP1SR address
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Flash memory address: Ox1FFF 7418
Production value: OXFEOO 01FF

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

option byte area of the flash information memory and written to the corresponding option bit of the

register.

31 | 30 [ 29 [ 28 [ 21 [ 26 | 25 24 | 23 [ 22 | 212 [ 20 [ 19 [ 18 [ 17 [ 16
Res ~ PCROP1SR [8: 0]
- R | R [ R T R | R | R R [ R ] R

15 [ 14 [ 183 [ 12 [ 11 [ 10 [ 9 8 | 7 | 6 | 5 [ 4 1 3 | 2 T 1 ] 0
Res PCROP1SR [8: 0]
- R [ R T R T R T R I R T R T R ] R

Bit Name R/W Function

31: 25 Reserved - -

24:16 ~ PCROP1SR R Complemented code of PCROP1SR

15:9 Reserved - -

8:0 PCROP1SR R BANK1 PCROP zone start address (in Page)

4.8.1.7 Option bytes for Flash PCROP1ER address
Flash memory address: Ox1FFF 741C
Production value: OXFFFF 0000

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

option byte area of the flash information memory and written to the corresponding option bit of the

register.

31 [ 30 [ 29 [ 28 [ 21 | 26 [ 25 24 [ 23 [ 22 [ 20 | 20 [ 19 [ 18 [ 17 ] 16
Res ~ PCROPIER [8: 0]
- R [ R [ R T R I R | R [ R T R ] R

15 [ 14 [ 13 [ 12 [ 11 [ 10 [ 9 8 | 7 | 6 [ 5 | 4 1 3 | 2 1T 1 ] 0
Res PCROP1ER [8: 0]
- R | R [ R T R I R | R [ R T R ] R

Bit Name R/W Function

31:25 Reserved - -

24:16 ~ PCROP1ER R Complemented code of PCROP1ER

15:9 Reserved - -

8:0 PCROP1ER R BANK1 PCROP Zone End Address (in Page)

4.8.2 Flash Option Byte Write

After reset, the bits associated with the option bytes in the FLASH_CR register are write-protected.
The OPTLOCK bit in the FLASH_CR register must be cleared before relevant operations can be per-
formed on the option byte.

The following steps are used to unlock the register:

1. The write protectionofthe FLASH_CR registeris releasedby the unlocking process

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

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

Any wrong sequence locks up the FLASH_CR register until the next reset. A bus Hard Fault interrupt
is generated at the wrong KEY timing.

The User option (the option byte of information flash) can be protected from unwanted erase/program
operations by writing the OPTLOCK bit of the FLASH_CR register by software.

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

4.8.2.1 Modify option bytes

The program operation of the option byte is different from the operation of Main flash. To modify the

option bytes, the following steps are needed:
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1. Clear the OPTLOCK bit using the previously described steps
2. Check the BSY bit to confirm that there are no ongoing Flash operations
3. Write the desired value (1 to 7 words) to the option byte register
FLASH_OPTR1/FLASH_OPTR2/FLASH_WRPR/FLASH_PCROROSR/FLASH_PCROROER/FL
ASH_PCROR1SR/FLASH_PCRORI1ER
4. Setthe OPTSTRT bit and the EOPIE bit
5. Write arbitrary data to Ox1FFF7400 address (32 bits data is required)
6. Wait for the BSY bit to be cleared.
7. Check that EOP flag bit is set
8. Clear EOP flags
For any changes to the option byte, the hardware will first erase the entire page corresponding to the
option byte, and then write the values of the FLASH_OPTR1, FLASH OPTR2, FLASH WRPR,
FLASH_PCROROSR, FLASH_PCROROER, FLASH_PCRORI1SR, and FLASH_PCRORI1ER register-
sintothe option byte. Furthermore, the hardware automatically calculates the corresponding comple-
ment and writes the calculated value to the corresponding area of the option byte.
4.8.2.2 Load location bytes
After the BSY bit is cleared, all new option bytes are written to the Flash information memory, but are
not applied to the system. A read operation on the option byte register still returns the value in the last
loaded option byte. Only when they (new values) are loaded do they work on the system.
The loading of option bytes occurs in the following two cases:
B When the OBL_LAUNCH bit in the FLASH_CR register is set
B After Power On Reset (POR)
The operation performed by loading option byte is to read the option byte in the information memory
area, and then store the read data in the internal option register (FLASH_OPTR1, FLASH_OPTR2,
FLASH_WRPR, FLASH_PCROROSR, FLASH_PCROROER, FLASH_PCRORI1SR,
FLASH_PCRORI1ER).
Each option bit has a corresponding complement at its same double word address (the next half word).
During the option byte load, the option bit and its inverse code are verified to ensure that the load is
done correctly.
If the positive and negative codes match, the option bytes are copied into the option register.
Ifthe wordand its complement are not matching, the OPTVERR status bit of the FLASH_SR register is
set. The mismatched values are written to the option register:
B  For OPTR
— The RDP bit is written as Oxff (i.e. level 1)
— BFB is written as 0 (i.e. no bank exchange)
— The rest of the mismatched values are written as 1
B For WRP option, the mismatched value is the default value "Unprotected”
B For the PCROP option, the mismatched value is the default value "All Flash Protection”
After the system reset, the contents of the option byte are copied to the following option register (soft-

ware readable and writable):
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FLASH_OPTR1
FLASH_OPTR2
FLASH_WRPR
FLASH_PCROPOSR
FLASH_PCROPOER
FLASH_PCROP1SR
FLASH_PCROP1ER

These registers are also used to modify option bytes.

4.9 Flash user OTP byte
A partial section of the Flash information area in the device is referred to as Flash USER OTP memory
Bytes.
There are 2 Pages in total, and each Page is controlled separately.
Table 4-4 USER OTP Structure
Page Word Address Contents
Bit [31:16]: Deposit user data
0 OxIFFF 7000 Bit [15: 0]: USER OTP MEMORY_LOCK
1 1 Ox1FFF 7004 Store user data
Store user data
127 COMP block diagram. Ox1FFF 71FC Store user data
Bit [31:16]: Deposit user data
0 Ox1FFF 7200 Bit [15: 0]: USER OTP MEMORY LOCK
2 1 Ox1FFF 7204 Store user data
Store user data
127 COMP block diagram. Ox1FFF 73FC Store user data
These two Pages are arranged in the information area, and the program and erase of this Page area
are processed according to the method of Main flash. In addition, the mass erase of the Main Flash
area is not valid for this area.
Set that the content of USER OTP MEMORY_LOCK will not be updated immediately until the power-
on reset (POR/PDR), which will play a protection function.
This Page Write has the following protection.
Table 4-5 Flash USER OTP write protection
USER OTP MEMORY_LOCK Write protection
Read: Yes
OXAASS Program and erase: No
Any value except (0OXAA55) Read, Program and erase: Yes
4.10 Flash protection

The protection of Main flash area includes the following mechanisms:

B Read protection (RDP), which prevents access from outside.

B Wrtie protection (WRP) control to prevent unwanted write operations (due to clutter of program
memory pointer PC). The size of write protection is designed to be 32 KB.

B Option byte write protection, has a dedicated unlocking design.

4.10.1 Flash Read Protection (RDP)

The read protection function can be activated by setting the RDP option byte and performing a
system reset (POR or OBL reset) to load a new RDP option byte. RDP protects flash main memory,
CCM SRAM, and backup registers.
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If the read protection is set while the debug through the SWD is still connected, a power-on reset is
required instead of a system reset.

Flash memory is protected when the RDP option byte and the inverse code exist correctly in pairs in
the option byte.

Table 4-6 Flash read protection status

RDP option byte value RDP option byte inverse code value Equal protection level
OxAA 0x55 Level O
Any value except the combination of [OXAA, 0x55] Level 1

410.1.1

410.1.2

System memory is readable regardless of the protection level, but it cannot perform program and erase

operations.

Level 0: no protection

Read, program, and erase operations on the Main flash are possible, as are any operations on option

bytes, CCM SRAM, and backup registers.

Level 1: Read protection

If the RDP and its inverse code in the option byte contain any combination other than [OXAA, 0x55],

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

B User mode: A program executed in User mode (boot from Main flash) that can do all operations
on the Main flash, option bytes, CCM SRAM and backup registers.

B debug, boot from SRAM, boot from system memory modes: In debug mode, or when booting from
SRAM or system memory, main flash, CCM SRAM And backup registers are not accessible. In
these modes, a read or write access to the main flash results in a bus hard fault interrupt.

The read protection level can be changed:

B From Level 0 to Level 1, change the value of the RDP byte to anything except OxAA

B Change the value of the RDP byte to 0xAA from Level 1 to Level 0

Level 1 changes to Level 0, which triggers the hardware mass erase Main flash.

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

Area Prc;gc;tlion User execution (BootFromFlash) Degg%/t?:?é)r::l_rg;ndz?m/
Read Write Erase Read Write Erase
Main 0 Yes Yes Yes Yes Yes Yes
memory 1 Yes Yes Yes No No No
rﬁiﬁi?y X Yes No No Yes No No
Option bytes X Yes Yes N/A Yes Yes N/A
OTP X Yes Yes Yes Yes Yes Yes
Backup 0 Yes Yes Yes Yes Yes Yes
registers 1 Yes Yes Yes No No No
0 Yes Yes Yes Yes Yes Yes
CCM SRAM
1 Yes Yes Yes No No No
Notes:

(1) The Information zone is read-only, regardless of protection level and execution mode.

(2) A modification of the RDP from Level 1 to Level O triggers a mass erase of the hardware to the Main flash.

(3) There are two situations for executing programs from SRAM or system memory:
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One is boot from, the other is boot from another memory, and the program jumps to SRAM or system
memory for execution.

4.10.2 Flash Write Protection (WRP)
Flash can be set to write-protected for unwanted write operations. Define a write-protected (WRP) area
with a control granularity of 64 KB per bit of the WRP register, that is, 1 block size. See the description
of the WRP register for details.
When the WRP area is activated, no erase or program operation is allowed. Accordingly, even if only
one area is set to write protection, the bank erase function does not function. In addition, if an attempt
is made to perform an erase or program operation on a write-protected area, the write-protected error
identifier ( WRPERR) of the FLASH_SR register is set.
Note: Write protection only works for Main flash, not system memory.

4.10.3 Proprietary Code Readout Protection (PCROP)
In addition to flash memory, it can also prevent reading and writing from third parties. The protected
area is execution-only: it can only be accessed by the CPU as instruction code, while all other access
(DMA, debugging and CPU data reading, writing and erasing) is strictly prohibited. When the RDP
protection is changed from level 1 to level 0, the inclusive PCROP area is also erased (see Changing
the Read Protection Level).
Each PCROP area is defined by a start page and an end page address associated with a physical
flash address. These addresses are defined in the PCROP address registers FLASH PCROP start
address register (FLASH_PCROPOSR, FLASH_PCROP1SR), FLASH PCROP end address register
(FLASH_PCROPOER, FLASH_PCROP1ER).
Any read access performed over the D-code bus to the PCROP protected area will trigger an RDERR
flag error.
Any PCROP-protected address is also write-protected, and any write access to one of these addresses
triggers WRPERR.
Any PCROP areas are also erase protected. Therefore, any erasure of pages in this area is not pos-
sible (including pages containing the start and end addresses of this area). Furthermore, software
Bank Mass erasure cannot be performed if an area is protected by PCROP.
PCROP can only be disabled if the RDP is changed from level 1 to level 0. If you attempt to clear the
PCROP or narrow the PCROP area by modifying the user options, you can start the option program-
ming, but the PCROP area remains unchanged. Instead, the PCROP region can be increased.

Table 4-8 PCROP Protection

PCROPXx register value (x =0, 1) PCROP Protected Area
PCROPXSR > PCROPXER No PCROP area.
PCROPXSR < = PCROPXER The region between PCROPXSR and PCROPXER is protected.

4.10.4 Forced Boot from Main flash
For increased security, the BOOT_LOCK option bit of the FLASH_OPTR2 register allows the system
to be forced to boot from the main flash memory,ignoringother boot options. Reset BOOT__ LOCK only
if:
B RDPsetto Level 0
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B RDP Level 1 modified to Level 0
4.11 Flash interrupt

Table 4-9 Flash interrupt request

Interrupt event Event flag Time flag/interrupt clearing Control bit enable
End of operation EOP Write EOP=1 EOPIE

Write protection WRPERR Write WRPERR=1 ERRIE

Read error RDERR Write RDERR=1 RDERRIE

ECC correction ECCC Write ECCC=1 ECCCIE

The following event does not have a separate break identity, but produces a Hard fault:

Flow error unlocking FLASH_CR register for Flash memory
Write operation flow error to unlock Flash option byte
Flash program, erase operation fails to align 32-bit data

Read and write access to Bank in program, erase

B In one Bank program, erase, another Bank program, erase

4.12 TIMX registers

4.12.1 Flashaccesscontrol 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 T o

Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. | Res. LATENCY [3: 0]
- - - RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
31:11 Reserved - - -
10: 8 Reserved 3'h7 Write only initial values
7:4 Reserved - - -
Waiting state corresponding to Flash read operation:
HCLK < =25 MHz
0: The flash read operation has no waiting state, that is,
each flash read requires 1 system clock cycle
25 MHz < HCLK < =50 MHz
1: The flash read operation has a waiting state, that is,
each flash read requires 2 system clock cycles
50 MHz < HCLK < = 75 MHz
3: The flash read operation has 3 waiting states, that is,
each flash read requires 4 system clock cycles
75 MHz < HCLK < =100 MHz
4: The flash read operation has 4 waiting states, that is,
3:0 LATENCY [3: 0] RW 4’h0 each flash read requires 5 system clock cycles

100 MHz < HCLK < = 125 MHz

5: The flash read operation has 5 waiting states, that is,
each flash read requires 6 system clock cycles

125 MHz < HCLK < = 150 MHz

6: flash read has 6 waiting states, that is, each flash read
requires 7 system clock cycles

150 MHz < HCLK < =170 MHz

7: The flash read operation has 7 waiting states, that is,
each flash read requires 8 system clock cycles
Remaining values are not recommended for configuration
Note: When the latency bit is configured, no value

can be written to other bits of this register

4.12.2 Flashkey register (Flash_KEYR)
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Address offset: 0x08
Reset value: 0x0000 0000
All register bits are write-only and the read returns 0.

31 | 30 | 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 20 [ 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: O]

w I w i w [ w I lwT I[w I IlwTIlw I IlwTIlwT IlwT I lwTIlwT IlwT IlwWwTI]Ww

Bit Name R/W | Reset Value Function
The following values must be written continuously to unlock the
) ) , flash_CR register and enable the program/erase operation of flash
31:0 KEY [31: 0] w 32’h0 KEY1: Ox4567 0123
KEY2: OXCDEF 89AB

4.12.3 Flashoption key register (Flash_OPTKEYR)
Address offset: OxOC
Reset value: 0x0000 0000

All register bits are write-only and the read returns 0.

31 [ 30 [ 29 [ 28 [ 27 | 26 [ 25 [ 24 | 23 [ 22 | 21 | 20 [ 19 [ 18 [ 17 [ 16
OoPTKEY [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 Il w il w I lwIlw I lwIlwTIlwIlwTIlwT IlwIlwT IlwT IlwTIlwl]w
Bit Name R/W |Reset Value Function
IThe following values must be written consecutively to unlock the flash
option register and enable the program/erase operation of the option
31:0 OPTKEY [31: 0] w 32’h0 byte
KEY1: 0x0819 2A3B
KEY2: 0x4C5D 6E7F

4.12.4 Flashstatus 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. BSY1 BSYO
- R R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPTV RD WRP
ERR ERR Res. Res. Res. Res. Res. Res. Res. Res. Res. ERR Res. Res. Res. EOP
RC W1 | RC W1 - RC W1 - RC W1
Bit Name R/W Reset Value Function
31: 18 Reserved - - -
Busy bit
This bit indicates that the operation of flash bank1 is in progress.
17 BSY1 R 0 This bit is set by the hardware at the beginning of the flash oper-

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

Busy bit

This bit indicates that the operation of flash bankoO is in progress.
16 BSYO R 0 This bit is set by the hardware at the beginning of the flash oper-
ation, and is cleared by the hardware when the operation is
completed or an error occurs.

Option byte loading error

When option and its inverse do not match, the hardware sets

15 OPTVERR RC_W1 0 this bit. Load mismatched option bytes, forced to safe values,
reference FLASH option bytes.

This bit is cleared by writing 1.
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PCROP Read Error
When the address to be read through the D-code bus belongs to
14 RDERR RC W1 0 the read protection area of the flash memory, it is set by hard-
ware (PCROP protection).
This bit is cleared by writing 1.
13:5 Reserved - - -
Write protection error
When the address to be programmed/erase is in the write-pro-
4 WRPERR RC_W1 0 tected flash area (WRP), the hardware sets this bit.
This hit is cleared by writing 1.
31 Reserved - - -
When the program/erase operation of flash is successfully com-
pleted, the hardware is set. This bit is set only if the EOPIE bit of
0 EOP RC_W1 0 the FLASH_CR register is enabled.
This hit is cleared by writing 1.

4.12.5 FlashControl Register (Flash_CR)
Address offset: 0x14
Reset value: 0OxC000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OBL RD
LOCK L%F(’:TK Res. Res. LéﬂN EIRI;R E:TER E“C;P Res. Res. Res. Res. SI':I,'ST Res. SQI'T?TI' Res.
RS RS - RCWL1 | RW [ RW [ RW - RW - RW -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. Res. | BER SER Res. Res. Res. Res. Res. Res. Res. | MER1 | MERO PER PG
- RW RW RW RW RW [ RW
Bit Name R/W Reset Value Function
FLASH_CR Lock bit.
The software can only set this bit. When set, the
FLASH_CR register is locked. When the unlock flow is
31 Lock RS 1 suc_ces_sf_ully given, the bit is cleared by hardware.
[This bit is set by software after the program/erase opera-
tion is completed]
When an unsuccessful unlock flow is given, the bit re-
mains set until the next system reset.
Option byte Lock bit.
The software can only set this bit. After reset, the bits as-
sociated with the option bytes in the FLASH_CR register
are locked. When the unlock flow is successfully given,
30 OPTLOCK RS 1 the bit is cleared by hardware.
[This bit is set by software after the program/erase opera-
tion is completed]
When an unsuccessful unlock timing is given, the bit re-
mains set until the next system reset.
29: 28 Reserved - - -
Force option byte loading
When set, this bit forces the system to reload the option
byte. This bit is cleared by hardware only after the option
27 OBL LAUNCH RC W1 0 byte load is c_ompleted. If the OPTLOCK bit is set, the bit
— - cannot be written.
0: Option byte loading complete
1: Generate an option byte load request, generate a sys-
tem reset, and reload the option byte.
PCROP Read Error Interrupt Enable
When the RDERR bit in FLASH_SR is set, if the bit is ena-
26 RDERRIE RW 0 bled, an interrupt request is generated.
0: No interrupt occurrence
1: An interrupt occurs
Error interrupt enable
When the WRPERR bit of the FLASH_SR register is set, if
25 ERRIE RW 0 the bit is enabled, an interrupt request is generated.
0: No interrupt occurrence
1: An interrupt occurs
End of operation interrupt enable
24 EOPIE RW 0 When the EOP bit of the FLASH_SR register is set, if the
bit is enabled, an interrupt request is generated.
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0: EOP interrupt disabled

1: EOP interrupt enabled

23:18 Reserved - - -

The start bit of the program operation for the Flash main
memory.

19 PGSTRT RW 0 This bit starts the program operation of the Flash main
memory when set. This bit is cleared by hardware when
the BSY bit is cleared in FLASH_SR.

18 Reserved - - -

Flash option byte modification start bit

This bit tiggers the modification of the option byte. This bit
is set by software and is cleared when the BSY bit is
cleared in FLASH_SR.

Note: When the flash option byte is modified, the hard-
ware automatically performs an erase operation on the en-
tire 128Bytes page, and then performs a program opera-
tion, which also includes automatic write of inverse code.
16: 13 Reserved - - -

Block erase operation

12 BER RW 0 0: block erase operation for flash not selected

1: Select the block erases operation of flash

Sector erase action

11 SER RW 0 0: sector erase operation for flash is not selected

1: Select the flash sector erases operation

10: 4 Reserved - - -

Bank 1 erase operation

3 MER1 RW 0 0: bank1 erase operation for flash not selected

1: Select the bankl erases operation of flash

Bank O erase operation

2 MERO RW 0 0: bankO erase operation for flash not selected

1: Select the bankO erases operation of flash

Page erase operation

1 PER RW 0 0: page erase operation for flash is not selected

1: Page erase operation of flash selected

Program operation

0 PG RW 0 0: program operation of flash is not selected

1: Select the program operation of flash

17 OPTSTRT RW 0

4.12.6 Flash ECC Register (FLASH_ECCR)
Address offset: 0x18
Reset value: 0x0000 0000.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 | 16
ECCD ECC Res Res | Res | Res | Res | ECCCI Res | SYSF_EC BK_EC Res | Res | Res ADDR_ECC [17:
C E C C 16]
RC_W | RC_ - RW - R R R R
1 w1
15 14 13 [ 12 [ 11 J 10 [ 9 8 7 6 5 4 ] 3] 2 1 0

ADDR_ECC [15: 0]

R [ R]IT RTITRJITRITRIR] R ITRJ]T R R [ RITRJ[TRIJ] R IR
Bit Name R/W Reset Value Function
ECC detection flags
Set by hardware when an ECC two-bit error is detected,
31 ECCD RC_W1 0 and when this bit is set, an NMI interrupt is generated.
Clear by writing 1.
ECC Correction Flag
Set by hardware when a bit ECC error is detected and
30 ECCC RC_W1 0 corrected, and generate an interrupt when ECCCIE is set.
Clear by writing 1.
29:25 Reserved - - -

ECC Correction Interrupt Enable
24 ECCCIE RW 0 0: Disable ECCC interrupt

1: Enable ECCC interrupt.

23 Reserved - - -

29 SYSE ECC R 0 EF:C f_allure memory
- 0: Main memory
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information memory
ECC Main memory failure bank
21 BK_ECC R 0 0: bank 0
1 bank 1
20:18 Reserved - - -
. ADDR_ECC [17: , ECC fault address
17:0 0] R 18'h0 Record fault address

4.12.7 Flash Optionl Register (Flash_OPTR1)
Address offset: 0x20
Reset value: 0x0000 XXXX.

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

option 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 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 1 3 [ 21T 11To
wng 2?3; nRST | IWDG | grp IgI—D IgI—D R RDP[7: 0
STOP | _sw STDB | STO | "¢ [7:0]
_Sw. Y v P
RW RW RW RW RW RW RW [ RW [ RW [ RW | RW [ RW [ RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
15 WWDG_SW RW 0 Hardware WIndOW watchdog
1: software window watchdog
14 NRST STDBY RW 0 Reset generated \(vhen entering Standby mode
- 1. No Reset generation
13 NRST STOP RW 0 Reset is generate_d when entering Stop mode
— 1: No Reset generation
0: Hardware watchdog
12 IWDG_SW RW 1: Software watchdog
0: Start from BankO (BankO mapped at 0x0800 0000;
Bank1 mapped at 0x0804 0000)
1 BFB RW 1: Start from Bank1 (Bank1 mapped at 0x0800 0000;
Bank0 mapped at 0x0804 0000)
Set the IWDG timer running status in Standby mode
10 IWDG_STDBY RW 0: freeze timer
1: Normal operation
Set the running status of IWDG timer in Stop mode
9 IWDG_STOP RW 0: freeze timer
1: Normal operation
8 Res
. OxAA: level 0, read protection is invalid
70 RDP RW Non-OxAA: level 1, read protection valid

4.12.8 Flash Option2 Register (Flash_OPTR2)
Address offset: 0x24
Reset value: 0x0000 XXXX.

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

option 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 181716
Res.
15 14 13 12 11 10 [ 9 8 76 [ 5]4]3[]2J]1TJo
BOOT_LOCK | nBOOTO | nSWBOOTO | CCMSRAM_RST | SRAM_PE | NRST_MODE | nBOOT1 Res
RW RW RW RW RW RW [ RW RW
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Bit

Name

R/IW

Reset Value

Function

31:16

Reserved

15

BOOT_LOCK

RW

Use to force boot from user Flash zone
0: Start based on pad/option bit configuration
1: Forced boot from master flash

14

nBOOTO

RW

nBOOTO option bit
0: nBOOTO0 =0
1: nBOOTO =1

13

nSWBOOTO

RW

Software BOOTO
0: BOOTO is taken from option bit nBOOTO
1: BOOTO is taken from PB8/BOOTO pin

12

CCMSRAM_RST

RW

CCM SRAM erase on system reset:

0: CCM SRAM erase when system reset occurs
1: CCM SRAM does not erase when system reset
occurs

11

SRAM_PE

RW

SRAM1 and CCM SRAM parity grant bits
0: license
1: Disabled

10: 9

NRST_MODE

RW

PF5 pad mode

00: Reset input/output
01: Reset input

10: GPIO

11: Reset input/output

nBOOT1

RW

The boot configuration and the BOOTO pin deter-
mine the selection of boot mode from flash main
memory, SRAM1, or system memory.

See Section 3.7: Startup Configuration.

7:0

Reserved

4.12.9 FlashWRP address register (FLASH_WRPR)
Address offset: 0x2C

Reset value: 0x0000 00XX.

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

option byte area of the Flash information memoryand written to the corresponding option bit of the

register.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 [ 9 [ 8 [ 7 ] 6 | 5 | 4 ] 3 ] 2 [ 1 1 o
Res. Res. Res. | Res. Res. Res. Res. Res. WRP [7: 0]
- RW | RW | RW [ RW | RW [ RW | RW [RW
Bit Name R/W Reset Value Function
31:8 Reserved - - -
Write protection, each bit corresponds to a block
: block N, write pr ion vali
70 WRP [7: 0] RW 0. block N, ite protection val d _
1: block N, write protection is invalid
N =0-7

4.12.10FlashPCROPQO start address register (FLASH_PCROPOSR)
Address offset: 0x30
Reset value: 0x0000 0XXX.

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

option 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. 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 1 3 ] 2 ] 1 ] o
Res. Res. Res. | Res. Res. Res. Res. PCROPOSR [8: 0]
- RW [ RW | RW [ RW [ RW | RW | RW | RW [ RW
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Bit Name R/W Reset Value Function
31:9 Reserved - - -
8:0 PCROPOSR RW BANKO PCROP Zone start address (in Page)
Notes:

1. Without using the PCROP function, this register is set to Ox1FF.

2. Using the PCROP function, this register is set to the start address.
4.12.11FlashPCROPO end address register (FLASH_PCROPOER)
Address offset: 0x34

Reset value: 0x0000 OXXX.

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

option 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. 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 ] 38 [ 2 J 1 J o
Res. Res. Res. | Res. Res. Res. Res. PCROPOER [8: 0]

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

Bit Name R/W Reset Value Function
31:9 Reserved - - -
8:0 PCROPOER RW BANKO PCROP Zone End Address (in Page)

Notes:

1. Without using the PCROP function, this register is set to OX1FF.
2. Using the PCROP function, this register is set to the start address

4.12.12FlashPCROP1 start address register (FLASH_PCROP1SR)
Address offset: 0x38

Reset value: 0x0000 OXXX.

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

option 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. 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 ] o
Res. Res. Res. | Res. Res. Res. Res. PCROP1SR [8: 0]

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

Bit Name R/W Reset Value Function
31:9 Reserved - - -
8:0 PCROP1SR RW BANK1 PCROP zone start address (in Page)

Notes:

1. This register is set to Ox1FF without using the PCROP function
2. Using the PCROP function:

For 128K products, this register is set to the start address +0x80;
For 256K products, this register is set to the start address +0x100;
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For 384K products, this register is set to the start address +0x180, and can only protect the first
64KB of BANK1.

For 512K products, this register is set to the start address.

4.12.13Flash PCROP1 end address register (FLASH_PCROP1ER)
Address offset: 0x3C

Reset value: 0x0000 0XXX.

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

option 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. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res.
15 14 13 12 11 10 [ 9 [ 8 [T 7 | 6 | 5 ] 4 1 3 ] 2 ] 1 1T o
Res. Res. Res. | Res. Res. Res. Res. PCROPI1ER [8: 0]

- RW [RW | RW [ RW [ RW | RW | RW | RW [ RW

Bit Name R/W Reset Value Function
31:9 Reserved - - -
8:0 PCROP1ER RW BANK1 PCROP Zone End Address (in Page)

Notes:

1. This register is set to Ox1FF without using the PCROP function
2. Using the PCROP function:

For 128K products, this register is set to the start address +0x80;
For 256K products, this register is set to the start address +0x100;

For 384K products, this register is set to the start address +0x180, and can only protect the first
64KB of BANK1.

For 512K products, this register is set to the start address.
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5.2

Power Control (PWR)

Introduction
The PWR module performs the following functions:

Chip power-on and power-off process control
Analog PMU control signal generation

Generation of memory low power control signal

PVD functionality
ower Structure

VCCA domain

[
[
[
B Low Power Mode Entry and Wake Timing Control
[
P

VCCA

Isolation cell
VDDA

SAR
logic

(VSSA) VREF- —— ADC

(VCCA) VREF+ R——————————|

HSI, HSI48, PLL
CmMP

DAC, VREFBUF
TS

OPA

FLASH

USB PHY HSI10

VCCA

Isolation cell
VDDA

(VSSD) VSSA B——
(VCCD) VCCA B——————————

VCCD domain

VDDA VDDD Y
VDDD

2 mm— .
VSSD 10 Ring

VCCD X Standby circuit
(wakeup logic, IWDG)
LDO

Core —
SRAM l—
Digital peripherals

vCeD
VDDD

Isolation cell

Backup VBKP domain

VBKP

Isolation cell
VDDD
A

VBKP BKP registers
VBAT X— N VBKP ] LSE, LSI RCC BDCR

PC13, PC14,PC15 registers
RTC

The chip operating voltage is 2.3 to 3.6 V

All low-power entry and exit logic is implemented in the VCCD power domain.

The VBKP domain logic has an independent power-on reset BPOR

The power-on reset of digital logic in the VDDD domain is generated by the VCCD module

Using the VCC domain clock generated by HSI 16 as the clock for the standby mode entry and
wake-up logic, HSI_ON needs to be a VCCD domain signal

B In standby mode, IWDG can be configured to enable operation, and its counting clock is LSI, so
the LSI clock needs to be output in standby mode, that is, the LSI clock will also output the VCCD

domain clock.

87/1101



PY32E407 Reference Manual

5.2.1 System Main Power Supply

5.2.1.1 Independent A/D converter power supply and reference voltage
To improve conversion accuracy, the ADC is equipped with an independent power supply that can
individually filter and mask the noise on the PCB.
B The ADC voltage source is input from a separate VCCA pin.
B The VSSA pin provides a separate power ground connection.
To improve the accuracy of the low-voltage input, users can connect a separate ADC external refer-
ence voltage input on the VREF+. The voltage on VREF + ranges from 2.3 V to VCCA.

5.2.1.2 Backup battery domain
To preserve the contents of the RTC backup register and power the RTC after the VCCD is powered
down, you can connect the VBAT pin to a battery or other backup power source.
In order for the RTC to operate even after the main digital power supply (VCCD) is turned off, the
VBAT pin needs to power each of the following modules:

RCC BDCR Register

RTC module (except RTC_CR register)

LSE Oscillator

BKP registers

PC13 to PC15 I/O

The switch of the VBAT power supply is controlled by a power-down reset circuit (BPOR) built into the

reset module.

Note:

B After tRSTTEMPO (VCC start time) or PDR is detected, the power switch between VBAT and
VCCD is still connected to VBAT.

B During the start-up phase, if the established VCCD is less than tRSTTEMPO (see tRSTTEMPO
value in the datasheet) and VCCD > VBAT + 0.6 V, current can be injected into the VBAT by
connecting an internal diode between the VCCD and the power switch (VBAT).

If the power supply/battery connected to the VBAT pin cannot support this current injection, it is highly

recommended to connect a diode between this power supply and the VBAT pin.

If no external battery is used in the application, it is recommended to connect the VBAT pin to the

VCCD, which needs to be connected in parallel with a 100 nF decoupling ceramic capacitor.

When powering the backup domain via the VCCD (analog switch connected to the VCCD):

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

B The PC13 can be used as a GPIO or configured for other functions (TAMPER pin, RTC calibration
clock, RTC alarm, or second output)

Note: Due to the limited sink capability of this switch (3 mA), the following limitations exist when using

GPIO PC13 through PC15 in output mode: the rate must not exceed 2 MHz, the maximum load is 30

pF, and these 1/Os cannot be used as current sources (e.g., for driving LEDS).

When powering the backup domain via VBAT (the internal power switch is connected to VBAT because

there is no VCCD), the following pins can be implemented:

B PC14 and PC15 can only be used as LSE pins
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PC13 can be used as an RTC additional function pin (TAMPER pin, RTC alarm clock or second
output)

Backup domain access

After reset, the backup domains (RTC registers and RTC backup registers) will be protected against

unintended write access. To enable access to the backup domain (RTC and RTC backup registers),

you need to configure as follows:

Enable the power interface clock by PWREN position 1 in the RCC_APB1ENR1 register

Enable access to the backup domain by DBP location 1 in the PWR_CR1 register

Configure the RTCSEL register in the RCC backup domain control register RCC_BDCR) to select
the RTC clock source

Configure RTCEN in RCC Backup Domain Control Register (RCC_BDCR) to enable RTC clock

5.2.1.3 vVDDD voltage regulator

Embedded linear VR powers all digital circuitry other than the backup domain and standby (wake-up)

circuitry.

When activated by software, the voltage regulator is always enabled after reset. Depending on the

application mode, three different modes can be used to work:

In Run mode, the voltage regulator provides full power to the core, memory and digital peripherals.
In this mode, the regulator output voltage can be adjusted by software to different voltage values
(configurable via the VOS [1: 0] bit of the PWR_CR register).

In stop mode, the main regulator or low power regulator supplies a low power voltage to the VDDD
domain, saving the contents of the registers and internal SRAM. The regulator may also be placed
in main regulator mode (MR) or low power mode (LPR).

In standby mode, the voltage regulator powers down. Except for the standby (wake-up) circuit
and backup domain, the contents of the registers, SRAM1 and CCM SRAM will be lost, and the
contents of SRAM2 can be optionally preserved (controlled by the RRS bit of PWR_CR3).

5.2.2 Power Detection
5.2.2.1 POR/PDR

The chip contains Power-on reset (POR) and Power-off reset (PDR) modules to provide power-related

resets. Where POR/PDR works by default in all power modes. POR/PDR output reset low active.

VCCD/VCCA

POR,

40mViR
v PDR

i e 8]

trstrempo

$POR
URHBTHRO
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5.2.2.2 PVD

5.3

The PVD module detects whether the VCCis lower than the threshold set by PWR_CR2. PLS.
The PVD function is enabled by configuring the PWR_CR2. PVDE register.
The PVDO flag in the Power Control/Status Register (PWR_CSR)is used to indicate whether VCCis
above or below the voltage threshold of PVD. This event is internally connected to Linel6 of EXTI and
generates an interrupt if the interrupt is enabled in the external interrupt register. A PVD interrupt oc-
curs when the VCC falls below the PVD threshold or when the VCC falls above the PVD threshold,
according to the rising/falling edge trigger setting of EXTI Linel6. In practical applications, this feature
can be used to perform emergency shutdown tasks.

System Low Power Mode

By default, the microcontroller is in Run mode after a system or a power Reset. In the running mode,

the CPU provides clock through the HCLK and executes program code. The system provides multiple

low-power modes to save power when the CPU is not required to run, such as when waiting for external
events. It is up to the user to select the specific low-power mode according to the application, and seek
the best balance between low power consumption, short startup time and available wake-up sources.

The device has five low-power modes:

B Sleep mode: The kernel stops running, and the kernel peripherals (NVIC, Sys Tick) can be con-
figured to run;

B Low-power run mode (Low-power run): the system clock is configured to HSI16 and HCLK is

divided below 8 (i.e. HCLK is not greater than 2MHz), and VDDD is powered by LPR;
Low-power Sleep mode (Low-power Sleep): enter the Sleep mode from Low-power run;
Stop mode: All high-speed clocks in the VDDD domain are turned off, and SRAM and register
contents are held. The LSI and LSE can be selected whether to turn on or not according to the
wake-up source. The LDO working mode when entering STOP can be configured, and both MR
and LPR configurations are supported. The power consumption of these two modes decreases
in turn, and the wake-up time becomes longer in turn.

m  Standby mode:The VDDD domain is powered off and only the VCCD and VBKP domains work.
You can select whether SRAM2 is maintained by configuring (PWR_CR3. RRS); The LSI and
LSE can be selected whether to turn on or not according to the wake-up source.

The device has VBAT power supply, so when the VCC is powered down, the device only works in the

VBKP domain.

In addition, the power consumption of the operating mode can be reduced by one of the following

methods:

B Slowing down system clocks

B When APBx and AHBXx peripherals are not in use, the corresponding peripheral clock is turned
off.
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Figure 5-1 Low power mode state transition diagram

Table 5-1 Low power modes

. . MR LPR
- Exit Condi- | Wake-up de- | System clock ) )
Mode Clock status Entry conditions T lay after wake up sta sta:
tus tus
WFI or return from in- . .
Arbitrary in-
terrupt terrugt 6 system
Sleep CPU clock OFF SLEEPDEEP =0 clocks ON OFF
1
WEE Wake up (1)
event
Low-power : i-
p System f:lock. HSI di LPR = 1 LPR = 0 2us(2)
run vided 4
WFI or return from in-
terrupt Arbitrary in- OFF ON
Low-power SLEEPDEEP = terrupt 6 system
Slee CPU clock OFF OLPR =1 clocks Pre-entry
p (1) clock
WFELPR Wake up
=1 event
LPMS =
HSI/LSI/LSE can op-
. OOSLEEPDEEP =1
Stop0 g&l?”g’lézrkg %?f WFI or return from in- | Any EXTI 55us (3) ON OFF
terrupt or WFE specific pe-
ripheral
LPMS =01 wake
Clocks OFF except SLEEPDEEP =1 -up event 5.5/7.5 us
Stopl LSE, LSI WFI or return from in- P 4) OFF ON
terrupt or WFE
LPMS =11
SLEEPDEEP =1
SRAM hold C'OC"LSS%F'E;XC‘?W RRS = 1 WKUP OFF | OFF
' WFI or return from in- | |ORTCTAMP
terrupt or WFE
b External Re- 37us HSI
LPMS = set (5)
dSRAMt Clocks OFF except 118LiE§SDFEP =1 PIN Reset oFf | oFf
0€S No LSE. LSI - IWDG Reset
hold ' OWFI or return from
interrupt or WFE

The system clock is the sys_clk (reference RCC module) cycle configured before entering SLEEP.

The MR stabilization time is about 2 ys;

1
2
3. Including HSI16 stabilization time and memory (Flash) low power exit stabilization time;
4

There are two configurations, HS116 and MR are turned on simultaneously (5.5 ps) and HSI16 waiting for MR to

stabilize before turning on (7.5 ps).
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5. Including MR start-up to stabilization time of 10us, HSI16 stabilization time of 2us, Flash stabilization time of 5.1
us and power-on internal calibration data loading time of 20us.
The above are all simulation values, and the actual value is estimated to be less than the above time (please refer
to the data sheet for specific parameters)

The following table shows whether each functional module exists in different modes:

Stop Standby
Peripheral Run | Sleep | LPRun | LP Sleep Wake- Wake- | VBAT
up up

CPU Core Y - Y - - - - - -
Flash memory Y Y (2) Y Y (2) - - - - -
SRAM1 Y Y (3) Y Y (3) Y - - ; ;
SRAM2 Y Y (3) Y Y (3) Y - 0(4) - -
CCM SRAM Y Y (3) Y Y (3) Y - - ; ]
ESMC o o o o - - - - -
BKP Y Y Y Y Y - Y - Y
PVD o o o o o o - - -
DMA o o o O - - - - -
HSI16 o o o o O(5) - - - -
HSI148 o o - - - - - - -
HSE o o o o - - - - -
LSl o o o o o - o - o]
LSE o o o o o - o - ]
PLL 0] (0] - - - - - - -
HSE Clocké%?)nty System o o o o i i ) ) )
RTC/Auto Wakeup (0] (0] (0] (0] (0] (0] (0] (0] o
Number of RTC TAMP pin 1 1 1 1 1 (0] 1 (0] 1
USBx (x =1, 2) 0] (0] - - - (0] - - -
Ethernet MAC (0] (e} - - - (e} - - R
USARTX (x =1, 2, 3) o) o} o} o) - - - - -
UARTX (x= 1, 2, 3) o) o} o) o) - - - . :
LPUART1 0] 0] 0] 0] O(6) O(6) - - -
12Cx (x=1, 2,3, 4) o o o o o(7) o(7) - - -
SPIx(x =1, 2, 3) o o o o - - - - -
CANx (x=1, 2) 0] 0] 0] 0] - - - - -
ADCx (x=1, 2, 3) o o o o - - - - -
DACx (x=1, 2) o o o o - - - - -
VREFBUF 0] 0] 0] 0] - - - - -
OPAXx (x=1, 2, 3) o o o o - - - - -
COMPx (x=1, 2, 3, 4) o o o o o o - - -
Temperature sensor (0] (0] (0] (0] - - - - -
Timers 0] (O] (O] (O] - - - - -
LPTIM o o o o o o - - -
IWDG 0] 0] 0] 0] 0] 0] 0] (0] -

92/1101



PY32E407 Reference Manual

WWDG

SysTick timer
RNG
AES

CORDIC
SDIO
CRC

GPIOs

O/0oj0oj0j0O|O0|0O|O

o/o|jo0ojO0|O0|O|0O|O

o/o|jo0oj0o|O0|O0|0O|O

o/o|jo0ojO0|0|O0|0O|O

o) o) o®) | 0(©) -

Notes:

Y = YES (ENABLE); O = Optional (Off by default, can be enabled by software); -= not available
FlashinSleepand LP _Sleepmodes, the software can select whether the clock isonor not

SRAM InSleepand LP _Sleepmodes, the software can select whether the clock is on or not

The SRAM2 may be maintained

In Stop mode, the HSI 16 can be switched by software

LPUART can be received in Stop mode, resulting in START and address matching interrupt wake-up
I2C provides address matching and timeout interrupt wake-up in Stop mode

In Standby mode, 10 can be configured as pull-up, pull-down or float

© © N o g &~ w D P

IO with wake-up function in Standby mode: PAO PA2 PC5 PC13 PE6

5.3.1 Normal Operating Mode
In normal operation mode, power consumption can be reduced by reducing the system clock (SYSCLK,
HCLK, PCLK); Before entering SLEEP mode, the peripheral clock frequency can also be reduced by
frequency division;
In the normal operation mode, different peripherals and memories can separately turn off the clock
through gating to reduce power consumption; Before entering SLEEP, peripheral clocks that are not
used for wakeup can be turned off;

5.3.2 Low power operating mode

To further reduce the power consumption in the operating mode, the MR can be turned off, and the

VDDD domain is powered by the LPR. At the same time, reduce the operating frequency of the system,

which cannot exceed 2 MHz;

IO status in low power operation mode

In the low-power operation mode, all 10 states remain consistent with the operating state.

Entry of low power operating mode

1. Optional: The program jumps to SRAM to run, and configures Flash to enter low power mode;

2. Reduce the system clock to less than 2 MHz;

3. SetVvDDD to use LPR power and MR to turn off.

Exit of low power operating mode

1. SetVDDD to use MR power;

2. Wait for the MR power-on to complete;

3. Restore the normal system clock.
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Low-power run Description
Mode entry Redu_ce system clock by less than 2 MHz
LPR=1
LPR=0
Mode Exit Wait for MR power-on to complete
Return to normal clock
Wake-up delay MR on-to-steady time

5.3.3 Low power mode entry and exit

Enter:

Low power mode can be entered by executing a WFI (Wait for Interrupt) or WFE (Wait for Event)

instruction, or by SLEEPONEXIT position 1 in the system control register upon return from ISR.

Only when there is no interrupt or event pending, you can enter low power mode through WFI or WFE,

that is, the CPU needs to clear the suspended interrupt or event before entering low power.

In the process of entering the low power mode, a wake-up signal appears, and the system will judge

how to deal with it according to the current state:

1.
2.

Exit:

Exit into the flow to handle wakeup interrupts or events before the system clock shuts down;
After the system clock is turned off, hold the wake-up signal first, and then enter the low-power
mode normally. After entering the low-power mode, wake up according to the normal wake-up

process.

Exit these two low-power modes depending on how you enter sleep and stop modes:

Any peripheral interrupts acknowledged by NVIC can wake up the device if you enter low power
mode using a WFI command or return from the ISR.

If the WFE instruction is used to enter the low power mode, the MCU will immediately exit the low
power mode when an event occurs. The wakeup event can be generated either by:

— NVIC IRQ Interrupt:

When SEVONPEND = 0, you can wake up from the WFE by enabling the interrupt enable control
bit of the NVIC and the corresponding peripheral. When the system wakes up, the interrupt sus-
pend bits in NVIC and peripherals must be cleared,;

When SEVONPEND = 1, you can wake up from WFE only by enabling the interrupt enable control
bit of the peripheral, and the interrupt enable in NVIC can select whether it is enabled or not.
When the system wakes up, the interrupt suspend bit in the peripheral must be cleared. If the
interrupt in NVIC is enabled, it must also be cleared at the same time;

All NVIC interrupts can wake up the CPU, even those not enabled in NVIC.

— Event:

Configure an external or internal EXTI line to event mode. When the CPU recovers from the WFE,
it is not necessary to clear the interrupt suspend bit or the NVIC IRQ channel suspend bit of the
EXTI peripheral because the suspend bit of the corresponding event line is not set to 1. Interrupt
flags in peripherals may need to be cleared. This mode takes the shortest time to wake up be-
cause no time is spent on the entry or exit of the interrupt.

When an external reset (NRST pin), an IWDG reset occurs, a rising edge appears on the enabled

WKUPX pin, or an RTC wake-up event is triggered, the MCU exits standby low power mode.
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After waking up from standby mode, the program will be re-executed in the manner after reset

(starting boot pin sampling, reset vector acquisition, etc.).

5.3.4 Sleep Mode

Before entering sleep mode, all interrupt pending bits must be cleared.
IO status in sleep mode

In sleep mode, all 10 states remain consistent with the running state.

Sleep Mode Description

WEFI or WFE and:

--SLEEPDEEP = 0 and

--There is no interrupt hanging.

Mode entry Returns from the lowest priority ISR, and:
--SLEEPDEEP = 0 and

--SLEEPONEXIT = 1

--There is no interrupt hanging.

Enter using WFI or returning from lowest priority ISR: Interrupt (enabled)

Entered with WFE and SEVONPEN = 0: Wake event

Mode Exit Enter with WFE and SEVONPEN = 1: Peripheral enable interrupt (even if disabled in
NVIC)

Wake-up delay None

5.3.5 Low power sleep mode

IO status in low power sleep mode

In low power sleep mode, all IO states remain consistent with the running state.

Low power sleep Description

The low power sleep mode can only be accessed from the low power operating mode
WFI or WFE and:

--SLEEPDEEP =0 and

--There is no interrupt hanging.

The low power sleep mode can only be accessed from the low power operating mode
Returns from the lowest priority ISR, and:

--SLEEPDEEP = 0 and

--There is no interrupt hanging.

Mode entry

Enter using WFI or returning from lowest priority ISR: Interrupt (enabled)

Entered with WFE and SEVONPEN = 0: Wake event

Mode Exit Enter with WFE and SEVONPEN = 1: Peripheral enable interrupt (even if disabled in NVIC)
Exit the low power sleep mode and the system enters the low power operation mode.

Wake-up delay None

5.3.6 Stop mode

The stop mode is based on kernel SleepDeep mode and peripheral clock gating. The VDDD domain
LDO can be configured in either normal mode (MR) or low power mode (LPR). In the stop mode, all
high-frequency clocks in the VDDD domain will stop, and the stopped clocks include PLL, HSI16,
HSI48 and HSE, where PLL, HSI48 and HSE are turned off by software control, and HSI16 is turned
off by hardware. The internal SRAM and register contents will be preserved.

IO status in stop mode

In stop mode, all 10 states remain consistent with the running state.

Entry of stop mode

If FLASH programming is being executed, the entry of stop mode will be delayed until the end of the
memory access (controlled by the HREADY signal of the FLASH controller interface and the operation
flag, and the software can execute WFI or WFE instructions after the end).

Before entering the stop mode, if the APB domain is being accessed, the entry of the stop mode will
be delayed until the end of the APB access. (via Software Assurance)

In stop mode, the following functions can be selected by programming each control bit:
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B Independent Watchdog (IWDG): The IWDG is booted by writing to its key register or using a
hardware option. Once started, it cannot be stopped except upon a reset.

B Real Time Clock (RTC): Configured via the RTCEN bit in the RCC backup domain control register
(RCC_BDCR).

B Internal RC Oscillator (LS| RC): Configured by RCC clock control and LSION bit in the status
register (RCC_CSR).

B External 32.768kHz oscillator(LSE OSC): Configured via the LSEON bit in the RCC backup do-
main control register (RCC_BDCR).

In Stop mode, some low-power peripherals can also be configured as wake-up sources, such as

LPUART and 12C;

Before entering stop mode, some analog modules (ADC, DAC) can also work. In order to further re-

duce power consumption, please turn off before entering.

Exit of Stop Mode

Exiting stop mode, HSI16 will be selected as the system clock. If you are configured to exit the stop

mode and enter the low power operation mode, you need to configure the system clock below 2 MHz

before entering the stop mode; At the same time, select the power supply mode MR (STOPO) or LPR

(STOP1) of VDDD.

When entering Stop, the required delay after startup is different according to the configured VDDD

power supply mode.

Stop mode Description

WFI or WFE and:

--No interrupt (for WFI) or event (for WFE) pending;

--SLEEPDEEP = 1;

--Configure LPMS in PWR_CR register to 00 (STOPO) or 01 (STOP1)

Returns from the lowest priority ISR, and:

--SLEEPDEEP = 1;

--No interrupt hanging;

--Configure LPMS in PWR_CR register to 00 (STOPO) or 01 (STOP1)

Enter using WFI or back from ISR: any EXTI line configured to interrupt mode (while enabling
the corresponding EXTI interrupt in the NVIC). The interrupt source is an external interrupt or
an interrupt generated by a peripheral device having a wake-up function.

Enter with WFE and SEVONPEND = 0: Any EXTI line configured to event mode.

Enter using WFE and SEVONPEND = 1:

Mode Exit --Any EXTI line configured to interrupt mode (even if the EXTI interrupt corresponding to the

NVIC interrupt is disabled). The interrupt source is an external interrupt or an interrupt gener-

ated by a peripheral device having a wake-up function.
--wakeup event

NRST Reset

IWDG reset

HSI16 wake-up time + (LDO exit time from low power mode (different LDO modes have differ-

ent times)) + FLASH wake-up time (may coincide according to the configuration time)

5.3.7 Standby mode
In standby mode, VR (including MR and LPR) stops working, and the VDDD domain is powered off.
PLL, HSI 16, HSI 48, HSE are all closed, with PLL, HSI 48, and HSE being closed by software control,

Mode entry

Wake-up delay

and HSI 16 being closed by hardware. Except for the registers of the VBKP domain (RTC register and
backup register) and standby circuit, other SRAM1 and CCM SRAM and register contents are lost.
Depending on the configuration SRAM2, you can choose whether to be powered by the LPR alone.
IO status in standby mode

In standby mode, 10 can be configured as pull-up and pull-down, or analog mode;
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The output port PC13 of the RTC, the two ports PC14 and PC15 of the LSE, the WKUP 1O and the

TAMPER IO are all in the working state;

Entry of standby mode

In Standby mode, the following features can be selected by programming individual control bits:

B Independent Watchdog (IWDG): The IWDG is booted by writing to its key register or using a
hardware option. Once started, it cannot be stopped except upon a reset.

B Real Time Clock (RTC): Configured via the RTCEN bit in the RCC backup domain control register
(RCC_BDCR).

B Internal RC Oscillator (LS| RC): Configured by RCC clock control and LSION bit in the status
register (RCC_CSR).

B External 32.768kHz oscillator(LSE OSC): Configured via the LSEON bit in the RCC backup do-
main control register (RCC_BDCR).

Standby mode Description

WFI or WFE and:

--No interrupt (for WFI) or event (for WFE) pending;

--SLEEPDEEP = 1;

-configure LPMS in the PWR_CR register to 11,

-configure the WUF bit clearing in the PWR_CSR register;

-clearing the flag corresponding to the selection of the wake source;
Returned from ISR, and:

--SLEEPDEEP = 1;

Mode entry --SLEEPONEXIT = 1;

--No interrupt hanging;

-configure LPMS in the PWR_CR register to 11,

-clearing the WUF bit in the PWR_CSR register;

-clearing the flag corresponding to the selection of the wake source;

WKUPx pin(x=1,2,3,4,5)

RTC wake event generation

NRST Pin Reset

IWDG reset

HSI16 wake-up time + LDO power-on time + LDO waiting time (configurable

Wakeup latency Ous/5us/10us/20us) + FLASH waiting time 3us (may coincide according to the configuration
time) + internal calibration value load time

In standby mode, except for the following parts, the remaining IOs are in a high impedance state:

Mode Exit

B Reset pin
B TAMPER pin when set to anti-intrusion or calibration output
B 5 WKUP pins (PA0/PC13/PE6/PA2/PC5) if enabled

5.3.8 Debugging of stop mode and standby mode
In stop and standby modes, by default, the debugging function will be interrupted because the CPU
core is clockless. However, if the relevant register in DBGMCU_CR are configured, debugging can still
be performed even if the CPU enters SLEEPDEEP mode.

5.3.9 Automatic wake-up in low power mode (AWU)
The RTC can wake up the MCU in the low power mode without relying on an external interrupt (auto-
matic wake-up mode). The RTC provides a programmable time base for periodically waking up from
stop or standby modes. By programming the RTCSEL [1: 0] bit of the backup area control register

(RCC_BDCR), two of the three RTC clock sources can be selected to implement this function:
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B Low power 32.768 kHz external crystal oscillator (LSE)
The clock source provides a low-power and accurate time reference. (consumes less than 1 1 A under
typical conditions)
B Low power internal RC oscillator (LSI)
Using this clock source, the cost of a 32.768 kHz crystal oscillator is saved. But that RC oscillator will
increase power consumption slightly. In order to wake the system from stop mode with an RTC alarm
event, you must do the following:
B Configure EXTI17 as rising edge trigger.
m  Configure the RTC so that it can generate wake-up events.
If you want to wake up from standby mode, you do not have to configure EXTI17 (wake up standby
directly with the RTC alarm wake event).
The peripheral registers can be accessed by half-words (16-bit) or words (32-bit).
5.4 TIMX registers
These peripheral registers can be operated in a half-word (16-bit) or word (32-bit) manner.
5.4.1 Power Control Register 1 (PWR_CR1) (0x00)
Address offset: 0x00
Reset value: 0x0001 0000

31 [ 30 [ 29 [ 28 [ 27 [ 26 [ 25 | 24 [ 23 [ 22 | 21 20 [ 19 18 [ 17 16
Res. STDBY_MRRDY_WAIT | FLS_WUPT | HSION_CTRL
RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res | LPR | Res | SRAM_RETV VOS DBP | Res | Res | Res Res Res Res LPMS
RW - RW RW RW - RW
Bit Name R/W Reset Value Function
31:21 Reserved - - -
- STDBY MRRD , After the standpy mode wakes up and MR is ready, the time
20: 19 Y WAIT RW 2’h0 you need to wait.

00: 3 ps; 01: Sus; 10: 10 ps; 11: 20 ps

In the stop mode wake-up sequence, after the HSI is stabi-
18: 17 FLS WUPT RW 2'b00 lized, a waiting time is required before the FLASH operation.
00: 3 us; 01: 5 us; 10: 2 ps; 11: 0 ps;

When waking up from stop mode, the HSI turns on time con-
trol.

16 HSION_CTRL RwW 1 0: After waiting for MR to stabilize, enable HSI;

1: Turn on at the same time as VR, that is, HSI is enabled im-
mediately when waking up.

15 Reserved - - -

VR working mode selection;

14 LPR RW 0 0: Working in main mode (MR)

1: Working in low power mode (LPR)

13 Reserved - - -

Used to control the voltage of SRAM2 in STANDBY mode
SRAM_RETV = 2b '00, high voltage mode

12: 11 SRAM_RETV RW 2’b00 SRAM_RETV = 2b '01, medium voltage mode
SRAM_RETV = 2b '10, medium and low voltage mode
SRAM_RETV = 2b '11, low voltage mode

Select the VR output voltage level.

This bit is used to control the output voltage of the internal VR
in order to achieve balance between the device and power
10: 9 VOS RW 2'b00 consumption.

When VR is in LPR mode:

00: high voltage mode

01: medium voltage mode
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10: medium and low voltage mode

11 low voltage mode

When VR is in MR mode:

0x: high voltage mode; 1x: low voltage mode

Backup domain register write protection.

8 DBP RW 0 0: RTC and backup registers are not accessible;
1: RTC and backup registers can be accessed;
Low power mode selection
1.0 LPMS RW 0 00: Stop0 (MR work) 01: Stopl (LPR work)
10: Reserve 11: STANDBY (VR OFF)
5.4.2 Power Control Register 2 (PWR_CR2) (0x04)

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
Res. Res. Res. Res. FLT_CTRL FLTDIS Res. Res. Res. Res. PLS PVDE
- RW RW - RW RW
Bit Name R/W Reset Value Function
31:12 Reserved - - -
PVD filtering time configuration.
111: Reserved;
110: The filtering time is about 1024 filtering clocks (about 30.7 ms
for LSI or LSE);
101: The filtering time is about 128 filtering clocks (about 3.8 ms for
LSl or LSE);
100: The filtering time is about 64 filtering clocks (about 1.92 ms for
11:9 | FLT_CTRL | RW 3'b000 LSlorLSE), . . _
' - 011: The filtering time is approximately 16 filtering clocks (approxi-
mately 480us for LS| or LSE);
010: The filtering time is about 4 filtering clocks (about 120us for
LSI or LSE);
001: The filtering time is about 2 filtering clocks (about 60ps for LSI
or LSE);
000: The filtering time is about 1 filtering clock (about 30us for LSI
or LSE);
PVD digital filtering enabled.
8 FLTEN RW 0 0: PVD digital filtering disabled
1: PVD digital filter enabled
7:4 Reserved - - -
PVD level selection.
Written by the software for selecting the voltage threshold of the
PVD.
000: Reserved
001: Reserved
311 PLS [2: 0] RW 0 010: Reserved
011: VPVD3 (around 2.4 V)
100: VPVD4 (around 2.6 V)
101: VPVDS5 (around 2.8 V)
110: VPVD6 (around 3.0 V)
111 external 1O input
PVD enabled
0 PVDE RW 0 0: PVD prohibited
1: Enable PVD

5.4.3 Power Control Register 3 (PWR_CR3) (0x08)
Address offset: 0x08
Reset value: 0x0000 0000

31

30

29 28

27 26

25 24

23 22 21 20 19 18 17 16

Res.

Res.

Res. Res.

Res.

Res.

Res.

Res.

Res. Res. Res. Res. Res. Res. Res. Res.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | RRS | Res. | Res. | Res. | EWUP5 | EWUP4 | EWUP3 | EWUP2 | EWUP1
- RW - RW RW RW RW RW
Bit Name R/W Reset Value Function
31:9 | Reserved - - -
SRAM2 data retention in STANDBY mode
8 RRS RW 0 0: SRAM2 is powered off in STANDBY mode;
1. SRAM2 is powered by LPR in STANDBY mode, and data is held.
7:5 Reserved - - -
Enable WKUP5 pin.
This bit is set to 1 and cleared by the software.
4 EWUP5 RW 0 05 The WKUPS5 pin is for geperal purpose I/O. Events on the WKUP5
pin do not wake up the device from standby mode.
1: The WKUPS5 pin is used to wake up from standby mode, the wake
edge is determined by WP5.
Enable WKUP4 pin.
This bit is set to 1 and cleared by the software.
3 EWUP4 RW 0 0_: The WKUPA4 pin is for ge_neral purpose I/O. Events on the WKUP4
pin do not wake up the device from standby mode.
1: The WKUP4 pin is used to wake up from standby mode, and the
wake edge is determined by WP4.
Enable WKUP3 pin.
This bit is set to 1 and cleared by the software.
2 EWUP3 RW 0 0_: The WKUPS3 pin is for ge_neral purpose I/O. Events on the WKUP3
pin do not wake up the device from standby mode.
1: The WKUP3 pin is used to wake up from standby mode, and the
wake-up edge is determined by WP3.
Enable the WKUP2 pin.
This bit is set to 1 and cleared by the software.
1 EWUP2 RW 0 0_: The WKUP?2 pin is for ge_neral purpose 1/O. Events on the WKUP2
pin do not wake up the device from standby mode.
1: The WKUP2 pin is used to wake up from standby mode, and the
wake-up edge is determined by WP2.
Enable the WKUP1 pin.
This bit is set to 1 and cleared by the software.
0 EWUP1 RW 0 0: The WKUP pin is for'general purpose /0. Events on the WKUP pin
do not wake up the device from standby mode.
1: The WKUP pin is used to wake up from standby mode, and the
wake edge is determined by WP1.
5.4.4 Power Control Register 4 (PWR_CR4) (0x0C)
Address offset: Ox0C
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. WP5 WP4 WP3 | WP2 WP1
- RW RW RW | RW RW
Bit Name R/W Reset Value Function
31:5 | Reserved - - -
WKUP5 pin polarity selection, this bit is set to 1 and cleared by the
software.
4 WPS RW 0 0: WKUP pin rising edge wakes up;
1: Interrupt is inhibited
WKUPA4 pin polarity selection, this bit is set to 1 and cleared by the
software.
3 W4 RW 0 0: WKUP pin rising edge wakes up;
1: Interrupt is inhibited
5 WP3 RW 0 WKUP3 pin polarity selection, this bit is set to 1 and cleared by the
software.
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0: WKUP pin rising edge wakes up;
1: Interrupt is inhibited

WKUP2 pin polarity selection, this bit is set to 1 and cleared by the
software.

1 WP2 RW 0 0: WKUP pin rising edge wakes up;

1: Interrupt is inhibited

WKUP1 pin polarity selection, this bit is set to 1 and cleared by the
0 WP1 RW 0 software.

0: WKUP pin rising edge wakes up;
1: Interrupt is inhibited

5.4.5 Power status register (PWR_SR) (0x10)

Address offset: 0x10
Reset value: 0x0000 0200

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. PVDO
- R
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. Res. | Res. Res. Res. | Res. MR_RDY | SBF | Res. | Res. | Res. | WUF5 | WUF4 | WUF3 | WUF2 | WUF1
- R R R R R R R
Bit Name R/W Reset Value Function
31:17 Reserved - - -
PVD output flag.
This bit is set to 1 and cleared by hardware. This bit is valid only
if the PVD is working.
0: VCC is above the PVD threshold for PLS [2: 0] bit selection.
16 PVDO R 0 ﬁé):.he VCC is below the PVD threshold for PLS [2: O] bit selec-
Note: The PVD is turned off when entering standby mode.
Therefore, after standby mode or after reset, this bit is equal to 0.
After the PVD is enabled, the corresponding value is output ac-
cording to the detected voltage threshold.
15:10 Reserved - - -
Used to indicate MR operating status
9 MR_RDY R 1 0: MR off;
1: MR work;
Standby mode flag.
This bit is set to 1 by hardware, and clearing can only be
achieved by POR/PDR or by placing CSBF position 1 in the
PWR_SCR register.
8 SBF R 0 0: Device does not enter standby mode
1: The device has entered standby mode
Note: After the standby mode wakes up, the software needs to
clear this bit
7:6 Reserved - - -
WKUP5 wakeup flag.
This bit is set to 1 by hardware, and it can only be cleared by
4 WUES R 0 POR/PDR or by clearing CWUF5 position 1 in the PWR_SCR
register.
0: No wake-up event occurred
1: Received WKUP5 wake event
WKUP4 wakeup flag.
This bit is set to 1 by hardware, and it can only be cleared by
3 WUE4 R 0 POR/PDR or by clearing CWUF4 position 1 in the PWR_SCR
register.
0: No wake-up event occurred
1: Received WKUP4 wake event
WKUP3 wakeup flag.
This bit is set to 1 by hardware, and it can only be cleared by
5 WUE3 R 0 PO_R/PDR or by clearing CWUF3 position 1 in the PWR_SCR
register.
0: No wake-up event occurred
1: Received WKUP3 wake event
1 WUF2 R 0 WKUP2 wakeup flag.
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This bit is set to 1 by hardware, and clearing can only be cleared
by POR/PDR or by clearing CWUF2 position 1 in the PWR_SCR
register.

0: No wake-up event occurred

1: Received WKUP2 wake event

WUF1

WKUP1 wakeup flag.

This bit is set to 1 by hardware, and it can only be cleared by
POR/PDR or by clearing CWUF1 position 1 in the PWR_SCR
register.

0: No wake-up event occurred

1: Received WKUP1 wake event

5.4.6 Power Status Clear Register (PWR_SCR) (0x14)
Address offset: 0x14
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. | CSBF | Res. | Res. | Res. | CWUF5 | CWUF4 | CWUF3 | CWUF2 | CWUF1
B W - w w W W w
Bit Name R/W Reset Value Function
31:5 | Reserved - - -
SBF wakeup flag clear signal.
8 CSBF W 0 The SBF signal in PWR_SCR is cleared by setting this bit to 1
7.6 Reserved - - -
WKUPS5 wakeup flag clear signal.
4 | CWURS | W 0 The WUFS signal in PWR SCR is cleared by setting this bit to 1
WKUP4 wakeup flag clear signal.
3 | CWUR | W 0 Clear the WUF4 signal in PWR_SCR by setting this bit to 1
WKUP3 wakeup flag clear signal.
2 CWUF3 W 0 The WUF3 signal in PWR_SCR is cleared by setting this bitto 1
WKUP2 wakeup flag clear signal.
1| cwur2 | W 0 The WUE? signal in PWR SCR is cleared by setting this bit to 1
WKUP1 wakeup flag clear signal.
0 CWUFL W 0 Clear the WUF1 signal in PWR_SCR by setting this bit to 1
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6. Reset and Clock Control (RCC)

6.1 Introduction
6.1.1 Main Features
This module completes the following functions:
B Generate system clock and system reset
B Generate individual module clock and reset
B Generate a clock source control signal
6.2 System reset
System reset resets all registers to reset values except the reset flag in the clock control register CSR
and the registers in the backup domain.
System reset is generated when one of the following events occurs:
B NRST pin low (external reset)
Window Watchdog Count End (WWDG Reset)
End of Independent Watchdog Count (IWDG Reset)
Software Reset (SYSRESETREQ Reset)
Low Power Management Reset (NRST_STDBY/NRST_STOP)
B Option Byte Load Reset
6.2.1 NRST pin (external reset)
With a specific option bit (NRST_MODE), the NRST pin can be configured to:

B Reset Inputs/Outputs (default when device is delivered)
Any valid reset signal on the reset input/output (default when device is delivered) pin is propagated to
device internal logic, and all internal reset sources are driven to this pin via a pulse generator. The
GPIO function (PF5) is not available. The pulse generator guarantees a minimum reset pulse duration
of 20 u s for each internal reset source output on the NRST pin. This mode is always active (independ-
ent of the option byte setting) during each device power-on reset (until the option byte is loaded).
B Resetinput
In this mode, any valid reset signal on the NRST pin is propagated to the internal logic of the device,
the reset generated inside the device. In this configuration, the GPIO function (PF5) is not available.
m GPIO
In this mode, the pin can be used as a PF5 standard GPIO. The reset function of the pin is not available.
The reset can only be done from the device internal reset source and does not propagate to this pin.
6.2.2 Software reset
This can be determined by looking at the reset flag in the RCC clock control and status register
(RCC_CSR). To software reset the device, you must interrupt and reset the SYSRESETREQ position
1 in the CPU control register.
6.2.3 Low Power Management Reset
There are two ways to trigger a low-power management reset:

B Reset occurs when entering standby mode:
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This reset is enabled by clearing the nRST_STDBY bit in the user option byte. And the
PWR_CR.PDDS register is configured to standby mode. When entering the low power mode,the de-
vice will reset instead of entering the standby mode.

B Resetis generated when entering stop mode:

This reset is enabled by clearing the nRST_STOP bit in the user option byte. And the PWR_CR.PDDS
register is configured to stop mode. When entering the low power mode,the device will reset instead

of entering the stop mode.

6.2.4 Option Byte Load Reset

When the OBL_LAUNCH bit (bit 27) is set in the FLASH_CR register, an option byte load reset is

generated. This bit is used to load via the software boot option byte.

6.3 Power reset
A power reset is generated when one of the following events occurs:
B Power On/Power Off Reset (POR/PDR Reset)
B Exiting Standby mode
A power reset resets all registers except the backup domain.
The reset entry vector is fixed at address 0x0000_0004 in the memory map.
6.4 Backup domain reset
A backup domain reset will reset all backup domain registers, including RCC_BDCR, backup registers,
and RTC partial registers.
A backup domain reset is generated when one of the following events occurs:
B Software reset, triggered by setting the BDRST bit in the RTC domain control register
(RCC_BDCR).
B VCC or VBAT power on, if both supplies have previously been powered off.
6.5 Uniform handling of resets other than backup domain re-
sets

Except for the backup domain reset, in the NRST pin reset input/output mode, other source resets act
on the NRST pin, which keeps the clock low during the reset process.

The circuit is shown in the figure below:

VDD

Rpu |

Rt
L % sl

WWDGE fir
IWDGER L
?Xﬁﬁ&
EIREE B A
iiﬁ?gﬂuﬁﬁﬁi
PORE.

. B
(&/p20us)

When the system is internally reset (high level is active), the pulse generator starts to generate a pulse
signal and ensures that the pulse signal lasts for at least 20us. This pulse signal turns on the N-tube.

When the N tube is turned on, the voltage of the NRST pin will be continuously pulled down. When it

104/1101



PY32E407 Reference Manual

6.6

and filtered, a system reset is generated (low active).

ator, will not produce system reset after 30 us filtering;

reset flag, the external pin reset flag will also be set.

Clock structure

The clock structure is shown in the following figure:
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is pulled down to VIL, the NRST pin will generate a low-level signal. After the signal is Schmidt triggered

Note 1: Reset sources other than the external PIN reset source, that is, the source of the pulse gener-

Note 2: After the reset source of the pulse generator generates a system reset, in addition to its own

6.7.1 HSE clock

Clock sources
The following clock sources exist in the system:

External High Frequency OSC. Frequency Range 4 to 32 MHz.
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The settling time of the HSE clock is counted by the analog HSE module, which generates the
HSE_RDY signal after starting and settling.
The HSE clock can have two operating modes:
B External XTAL OSC + internal start circuit (HSEBYP = 0)
B External clock input via OSC_IN IO (HSEBYP = 1)
In order to ensure that the first CLOCK output by CLOCK is a stable CLOCK, HSE contains a counter
inside, and the rising edge of the first CLOCK is output after the counting is completed. The counting
period at HSEBYP = 1 is half that of HSEBYP = 0.

6.7.2 HSI16 clock
Internal 16 MHz RC oscillator. Compared with HSE, it has low power consumption, short stabilization
time, but low accuracy. The analog HSI modulegenerates an HSI_ RDY signalafter starting and stabi-
lizing.
After the power-on reset, during the load phase, the calibration value of the HSI is loaded into the
RCC_CR.HSICAL register.
After waking up from stop mode, the HSI will act as the system clock source.

6.7.3 HSI48 clock
The HSI48 clock supports self-calibration through the CTC module, and the HSI48 is used as the clock
of the USBD module.

6.7.4 PLL clock
The PLL module is used to double the frequency of HSI or HSE clocks. The PLL input clock frequency
range is 2 ~ 32 MHz, and the output clock frequency range is 24 ~ 170 MHz.
The PLL lockout time is typically 25 us and the maximum is 100 pus.

6.7.5 LSE clock
External 32.768 kHz OSC, used as a low power clock.
You can balance settling time and power consumption by configuring LSEDRV. The LSE stabilization
time is 0.5 s (typical). The LSE stabilization signal is generated by the LSE analog module.
Similar to the HSE source, the LSE also has two sources:
B 32.768 kHz XTAL + internal start circuit (LSEBYP = 0)
B External clock viaOSC32_ IN input (LSEBYP = 1)
In order to ensure that the first CLOCK output by CLOCK is a stable CLOCK, LSE contains a counter
inside, and the rising edge of the first CLOCK is output after the counting is completed. The counting
period at LSEBYP = 1 is half that of LSEBYP = 0.
In the case ofLSEBYP = 1, the clock output by the MCO is the original embedded clock and is not
controlled by the LSE_ON signal. However, the logic using the LSE clock is controlled by the LSE_ON
signal.

6.7.6 LSl clock
Internal low frequency 40 kHz clock. Used as an IWDG, RTC clock.
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6.7.7 HSI10OM clock

6.8

6.9

6.10

This clock acts as a low precision clock and serves as a filtered count for the NRST pin. Every time a
system reset is generated, after passing through the pulse generator, it is returned through the NRST
pin, so the HSI10M clock is enabled every time a reset is generated.

Clock security system (CSS)

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

If a fault is detected on the HSE clock, the HSE oscillator is automatically disabled and the clock fault
event is sent to the interrupt input of the timers (TIM1/TIM8 and TIM15/16/17) and an interrupt is gen-
erated to notify the software of the fault (Clock Safe System Interrupt CSSI), allowing the MCU to
perform rescue operations. CSSl is linked to Cortex via an FPU NMI (unmaskable interrupt) exception
vector® -M4F.

Note: Once CSS is enabled, if the HSE clock fails, a CSS interrupt occurs and an NMI is automatically
generated. NMI executes indefinitely unless the CSS interrupt suspend bit is cleared. Therefore, in the
NMI ISR, the user must clear the CSS interrupt by setting the CSSC bit in the clock interrupt register
(RCC_CIR

If the HSE oscillator is used directly or indirectly as the system clock (indirectly meaning: it is used as
the PLL input clock and the PLL clock is used as the system clock), the detected failure causes the
system clock to switch to the HSI16 oscillator and disables the HSE oscillator. If the HSE clock is the
clock source of the PLL used as the system clock, the PLL is also disabled.

Peripheral clock enable register

Each peripheral clock may be enabled by the xxxxEN bit of the RCC_AHBXENR, RCC_APBXENRY
register.

When the peripheral clock is not active, read or write access to peripheral registers is not supported.
The enable bit has a synchronization mechanism, after the enable bit is set, there is a delay of 2 clock
cycles before the clock is activated.

Note: After enabling the clock for the peripheral device, the software must wait some time before ac-
cessing the peripheral registers.

TIMX registers

This module register can be accessed by bytes (8 bits) [except RCC_BDCR], half-words (16 bits), or
words (32 bits).

6.10.1 Clock control register (RCC_CR)

Address offset: 0x00
Reset value: 0x0080_2083

31 | 30 [ 29 [ 28 | 27 | 26 25 24 23 [ 22 [ 21 [ 20 19 18 17 16
Res. PLLRDY | PLLON | HSICAL[10:8] | Res. | CSSON | HSEBYP | HSERDY | HSEON
- R RW_ [ R R R - RW RW R RW
15 | 14 [ 13 [ 12 | 11 [ 10 9 8 7 6 5 4 3 2 1 0
HSICAL [7: 0] HSITRIM [4: 0] HSIKERON | HSIRDY | HSION
R [R R [R R R R [ R RW[RW[RW] RW | RW RW R RW
Bit Name R/W Reset Value Function
31: 26 Reserved - - -
25 PLLRDY R 0 PLL clock ready flag.
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Hardware set, indicating that the PLL clock is stable.
0: PLL is not ready;
1: PLL ready;

PLL enabled

This bit cannot be cleared when the PLL clock is used (SWS is
24 PLLON RW 0 PLL) or will be used as the system clock (SW selects PLL).

0: PLL OFF;

1: PLL ON

The HSI16 clock calibration value is 3 bits higher.
During the loading phase of the power-on process, this register
loads the Flash information area value.

23:21 HSICAL [10: 8] R 3'h4 When the software reads this register, the return value is
HSICAL + HSITRIM. When the HSITRIM value changes, the
register value will also be updated.

20 Reserved - - -

HSE clock security system enable.

When the bit is 1, the hardware enables the clock detection
module if the HSE OSC is ready; If the HSE detection fails, the
clock detection module is turned off. (This bit can only be writ-
19 CSSON RW 0 ten to 1, and the system resets and clears it)

0: Clock safety system off (clock detection off);

1: The clock safety system is turned on (if the HSE clock is sta-
ble, the clock detection is turned on, otherwise the clock detec-
tion is turned off);

HSE shielded crystal oscillator, select pin input clock.

This bit can only be written if HSEON = 0.

0: HSE crystal oscillator is not shielded, and external high-
speed clock selects crystal oscillator;

1: HSE crystal oscillator shielding, external high-speed clock
select external pin input clock source;

18 HSEBYP RW 0

HSE crystal oscillator clock ready flag.

This bit is set by hardware to indicate that the HSE crystal oscil-
17 HSERDY R 0 lator is stable.

0: HSE crystal oscillator is not ready;

1: HSE crystal ready

HSE crystal oscillator enabled.

When HSE is directly or indirectly the system clock source, this
16 HSEON RW 0 bit cannot be set to 0.

0: HSE crystal OFF

1 HSE crystal oscillator ON

HSI16 clock calibration value.

During the loading phase of the power-on process, this register
loads the Flash information area value.

When the software reads this register, the return value is
HSICAL + HSITRIM. When the HSITRIM value changes, the
register value will also be updated.

15:8 | HSICAL[7:0] R 8'h20

HSI16 clock Trimming value.

The software writes to this register to adjust the HSI 16 clock,
7:3 HSITRIM [4: 0] RW 5'h10 superimposes it on the HSICAL and outputs it to the analog HSI
16.

A system reset resets this register.

The HSI 16 is provided as a kernel clock configuration to pe-
ripherals USART and I2C, etc. Keeping the HSI 16 open in the
stop mode avoids slowing down the communication speed due
2 HSIKERON RW 0 to the HSI 16 startup time. This bit has no effect on the HSION
value.

0: No effect on the HSI16 oscillator.

1: The HSI16 oscillator is forcibly enabled even in stop mode.

HSI16 clock ready flag.

Set by hardware to indicate that the HSI oscillator is stable This
bit is only valid if HSION = 1.

1 HSIRDY R 1 0: HSI16 OSC not ready;

1: HSI16 OSC ready;

When HSION is cleared, HSIRDY will pull down after 6 HSI16
clocks.

HSI16 clock enabled.
0 HSION RW 1 When the hardware enters the stop or standby mode, it will
clear the register to stop HSI16 as needed.
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When HSI 16 is directly or indirectly used as the system clock,
this register cannot be 0.

0: HSI16 OSC OFF;

1: HSI16 OSC ON;

The hardware enables HSI 16 when:

1) After the hardware wakes up from stop or standby mode;

2) HSE direct/indirect as system clock but HSE CSS fail oc-
curs;

6.10.2 Clock configuration register (RCC_CFGR)

Address offset: 0x04
Reset value: 0x0000_0000

When the clock source is switched, there is a waiting period of 1 or 2 clocks to access this register.

When the APB or AHB frequency division value is updated, there may be a waiting period of 0 to 15

clocks to access this register.

31 30 29 28 27 | 26 [ 25

[ 24

23

22 | 21 [ 20 19 18 | 17 [ 16

Res. Res. Res. Res. MCO [3: 0]

SRAM2PRE

USBPRE [2: 0] Res. ADCPRE [2: 0]

- RW RW RW

RW

RW

RW RW RW RW RW RW

15 14 13 | 12 11 10 9

8

7

6 5 4 3 2 1 0

Res. | Res. PPRE2 [2: 0]

PPREL1 [2: 0]

HPRE [3: 0] SWS[1: 0] SW [1: 0]

RW

RW [RW [RW [ RW

[ RW

RW

| RW [ RW [ RW R [ R RW [ RW

Bit Name R/W

Reset Value

Function

31: 28 Reserved -

27: 24 MCO [3: 0] RW

4'h0

MCO output clock selection.

0000: MCO does not output

0001: LSE

0010: LSI40K

0011: HSI48

0100: SYSCLK

0101 HSI16

0110: HSE

0111: PLL

1000: HCLK

1001: APBL1 clock

1010: APB2 clock

1011: HSI10M

others: no output

Note 1: When selecting the system clock for
MCO output, it is necessary to ensure that the
output frequency does not exceed the maximum
allowable frequency of 10.

23 SRAMZ2PRE RW

SRAM2 clock division factor. Frequency division
coefficients based on HCLK.

0: no frequency division

1: 2 frequency division

22:20 USBPRE [2: 0] RW

3’h0

USB clock crossover.

000: PLL clock divided by 1.5
001: PLL clock

010: PLL clock divided 2.5
011: PLL clock divided by two
100: PLL clock divided into 3
101: PLL clock 3.5 divided

11x: PLL clock divided into four

19 Reserved -

18: 16 ADCPRE [2: 0] RW

3’'h0

Configure the frequency division factor of the
ADC clock.

000: APB2 (ADC) Division of 2

001: APB2 (ADC) Division 4

010: APB2 (ADC) Division 6

011: APB2 (ADC) Division 8

100: APB2 (ADC) Division 2

101: APB2 (ADC) division of 12

110: APB2 (ADC) division of 8

111: APB2 (ADC) division 16
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15: 14 Reserved - - -
High-speed APB (APB2) clock division factor.
PCLK is based on the division coefficient of
HCLK.
. . , 0xx: no frequency division
13:11 PPRE2 [2: 0] RW 3'h0 100: divided by 2
101: 4 division
110: 8 division
111: 16 division
High-speed APB (APB1) clock division factor.
PCLK is based on the division coefficient of
HCLK.
. . , 0xx: no frequency division
10: 8 PPREL1 [2: 0] RW 3'h0 100: divided by 2
101: 4 division
110: 8 division
111: 16 division
The AHB clock HCLK is based on the frequency
division coefficient of SYSCLK.
Oxxx: no frequency division
1000: Division 2
1001: 4 division
1010: 8 division
1011: 16 division
, 1100: 64 division
74 HPRE [3: 0] RW 4h0 1101: 128 division
1110: 256 division
1111: 512 division
To ensure the normal operation of the system,
the appropriate frequency needs to be config-
ured according to the VR power supply situation.
Note: It is recommended to switch the frequency
division coefficients gradually.
System clock selection status.
This bit is controlled by hardware and indicates
the selection state of the system clock
3:2 SWS [1: 0] R 2'h0 source.
00: HSI16
01: HSE
10: PLL CLK
Others: reserve
System clock source selection.
This bit is controlled by hardware and software
and indicates the selection of the system clock
source.
00: HSI16
01: HSE
10: PLL CLK
, Others: reserve
10 SWL: 0] RW 2ho Scenarios where the hardware is configured as
HSI include:
® MCU exits from stop, standby mode
®  Software configuration is 01 (HSE) but
HSE test fails
®  Software configuration is 10 and PLL
source selects HSE but HSE detection
fails
6.10.3 Clock Interrupt Register (RCC_CIR)
Address offset: 0x08
Reset value: 0x0000_0000
31 | 30 29 28 27 26 25 24 23 | 22 21 20 19 18 17 16
o || Res | Res | Res | Res | Res | Res | &2 || tove | ove | ove | bve | bve | ove
- w | - W w w W w W
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res HSI48R | PLLR | HSER | HSIR | LSER | LSIR | CS | Re | HSI48 | PLLR | HSER | HSIR | LSER | LSIR
DYIE DYIE | DYIE | DYIE | DYIE | DYIE | SF | s. | RDYF DYF DYF DYIF | DYF DYF
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- ‘ RW ‘ RW ‘ RW

Bit

Name

Reset Value

Function

31:24

Reserved

23

CSSC

LSE clock security system (CSS) interrupt flag
cleared.

0: No effect;

1: Clear CSSF flag

22

Reserved

21

HSI48RDYC

HSI148 ready interrupt flag cleared.
0: No effect;
1: Clear HSI48RDYF flag;

20

PLLRDYC

PLL ready interrupt flag is cleared.
0: No effect;
1: Zero PLLRDYF flag;

19

HSERDYC

HSE ready interrupt flag is cleared.
0: No effect;
1: Clear HSERDYF flag;

18

HSIRDYC

The HSI ready interrupt flag is cleared.
0: No effect;
1: Clear HSIRDYF flag;

17

LSERDYC

The LSE ready interrupt flag is cleared.
0: No effect;
1: Zero LSERDYF flag;

16

LSIRDYC

LSI ready interrupt flag is cleared.
0: No effect;
1: Zero LSIRDYF flag;

15:14

Reserved

13

HSI48RDYIE

RW

HSI148 clock ready interrupt enabled.
0: Interrupt is disabled
1: Enabled

12

PLLRDYIE

RW

PLL ready Interrupt enabled.
0: Interrupt is disabled
1: Enabled

11

HSERDYIE

RW

HSE ready interrupt enable
0: Interrupt is disabled
1: Enabled

10

HSIRDYIE

RW

HSI16 clock ready interrupt enabled.
0: Interrupt is disabled
1: Enabled

LSERDYIE

RW

LSE ready interrupt enable
0: Interrupt is disabled
1: Enabled

LSIRDYIE

RW

LSI ready interrupt enable
0: Interrupt is disabled
1: Enabled

CSSF

Clock safety system interrupt flag.

When the HSE clock fails, it is set to 1 by hard-
ware.

0: HSE clock safety system interrupt is not gen-
erated;

1: HSE clock safety system interrupt generation;
Write CSSC register 1 to clear this bit.

Reserved

HSI48RDYF

HSI48 clock ready interrupt flag.

When the HSI48 clock is stable and
HSI48RDYIE = 1, the hardware sets this regis-
ter.

0: HSI48 clock ready interrupt not generated;
1: HSI148 clock ready interrupt generation;
Write HSI48RDYC register 1 to clear this bit.

PLLRDYF

PLL clock ready interrupt flag.

When the PLL clock is stable and PLLRDYDIE =
1, the hardware sets this register.

0: PLL clock ready interrupt not generated;

1: PLL clock ready interrupt generated;

Write PLLRDYC register 1 to clear this bit.

HSERDYF

HSE ready interrupt enable
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Set by hardware when the HSE clock becomes
stable and HSERDYDIE = 1.

0: HSE clock ready interrupt is not generated;
1: HSE clock ready interrupt generated;

Write HSERDYC register 1 to clear this bit.
HSI16 clock ready interrupt flag.

When the HSI16 clock is stable and HSIRDYIE =
1, the hardware sets this register.

0: HSI16 clock ready interrupt not generated;
1: HSI16 clock ready interrupt generation;
Write HSIRDYC register 1 to clear this bit.
LSERDY ready interrupt enable

Set by hardware when the LSE clock becomes
stable and LSERDYDIE = 1.

0: LSERDY clock ready interrupt not generated,;
1: LSERDY clock ready interrupt generated;
Write LSERDYC register 1 to clear this bit.
LSIRDY ready interrupt enable

Set by hardware when the LSI clock becomes
stable and LSIRDYDIE = 1.

0: LSIRDY clock ready interrupt not generated;
1: LSIRDY clock ready interrupt generated,;
Write LSIRDYC register 1 to clear this hit.

2 HSIRDYF R 0

1 LSERDYF R 0

0 LSIRDYF R 0

6.10.4 AHB1 peripheral reset register (RCC_AHB1RSTR)
Address offset: 0x28
Reset value: 0x0000_0000
The register is set and cleared by software. After the software is set, the module maintains a reset until

the software clears.

31 30 29 28 27 26 25 24 23 22 21 g ; ; 17 16
Res
15 [ 14 | 13 12 1 [ 10 | 9 8 7 6 E 4]3J2 1 0
Res | Res | Res ESMCRS Res | Res | Res Re Res CRCRS CORDICRS DMA2RS DMA1RS
. . . T . . . s . T T Res T T
- RW - RW RW - RW RW
Bit Name R/W Reset Value Function
31: 13 Reserved - - -
ESMC (QSPI) module reset.
12 ESMCRST RW 0 0: No effect;
1: Reset
11: 7 Reserved - - -
CRC reset
6 CRCRST RW 0 0: No effect;
1: Reset
CORDIC reset
5 CORDICRST RW 0 0: No effect;
1: Reset
4:2 Reserved - - -
DMA2 reset
1 DMA2RST RW 0 0: No effect;
1: Reset
DMAL1 reset
0 DMA1RST RW 0 0: No effect;
1: Reset

6.10.5 AHB2 peripheral reset register (RCC_AHB2RSTR)
Address offset: 0x2C
Reset value: 0x0000_0000
The register is set and cleared by software. After the software is set, the module maintains a reset until

the software clears.
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31 | 30 | 29 [28]27 ] 26 | 25 [24 ] 238 | 22 | 20 | 20 | 19 | 18 |17 ] 16
Res
15 14 13 12 [ 11 10 9 8 7 6 5 4 3 2 1 0
ETHR | USB2 USB1 | Re | Re | AESR | SDIOR | Re | IOPFR | IOPER | IOPDR | IOPCR | IOPBR | IOPAR | Re | Re
ST RST RST s. s. ST ST s. ST ST ST ST ST ST s. s
RW RW RW - RW RW - RW RW RW RW RW RW -
Bit Name R/W Reset Value Function
31: 16 Reserved - - -
ETH reset
15 ETHRST RW 0 0: No effect;
1: Reset
USB2 reset
14 USB2RST RW 0 0: No effect;
1: Reset
USB1 reset
13 USB1RST RW 0 0: No effect;
1: Reset
12:11 Reserved - - -
AES reset
10 AESRST RW 0 0: No effect;
1. Reset
SDIO reset
9 SDIORST RW 0 0: No effect;
1: Reset
8 Reserved - - -
IOPF reset
7 IOPFRST RW 0 0: No effect;
1: Reset
IOPE reset
6 IOPERST RW 0 0: No effect;
1: Reset
IOPD reset
5 IOPDRST RW 0 0: No effect;
1. Reset
IOPC reset
4 IOPCRST RW 0 0: No effect;
1: Reset
IOPB reset
3 IOPBRST RW 0 0: No effect;
1: Reset
IOPA reset
2 IOPARST RW 0 0: No effect;
1: Reset
1:0 Reserved - - -

6.10.6 APB1 peripheral reset register 1 (RCC_APB1RSTR1)
Address offset: 0x38
Reset value: 0x0000_0000
The register is set and cleared by software. After the software is set, the module maintains a reset until

the software clears.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTC | 12C3 | DAC | PWR | . gg\g CAN | oo | UART | 12C2 | 12C1 | UART | UART | USAR | USAR |
RST | RST | RST | RST : T 1RST “ | 3RST | RST | RST | 2RST | 1RST | T3RST | T2RST :
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
SPI3 [ SPI2 | oo | Res | WWD [ g | TIML [ TIML [ TIMI3 [ TIML [ TIM7 | TIM6 | TIM5 | TIM4R [ TIM3R | TIM2
RST | RST : " | GRST " | 8RST | 4RST | RST | 2RST | RST | RST RST ST ST RST
RW | RW - RW - RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31 CTCRST RW 0 CTC reset
0: No effect;
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1: Reset

30

I2C3RST

RW

12C3 reset
0: No effect;
1: Reset

29

DACRST

RW

DAC reset
0: No effect;
1: Reset

28

PWRRST

RW

Power interface reset
0: No effect;
1: Reset

27

Reserved

26

CAN2RST

RW

CANFD reset
0: No effect;
1. Reset

25

CAN1RST

RW

CAN2.0 reset
0: No effect;
1: Reset

24

Reserved

23

UART3RST

RW

UART3 reset
0: No effect;
1: Reset

22

I2C2RST

RW

12C2 reset
0: No effect;
1: Reset

21

I2C1RST

RW

12C1 reset.
0: No effect;
1. Reset

20

UART2RST

RW

UART2 reset
0: No effect;
1: Reset

19

UART1RST

RW

UART1 reset
0: No effect;
1: Reset

18

USART3RST

RW

USART3 reset
0: No effect;
1: Reset

17

USART2RST

RW

USART2 reset
0: No effect;
1: Reset

16

Reserved

15

SPI3RST

RW

SPI3 reset
0: No effect;
1: Reset

14

SPI2RST

RW

SPI2 reset
0: No effect;
1: Reset

13:12

Reserved

11

WWDGRST

RW

WWDG reset
0: No effect;
1: Reset

10

Reserved

TIM18RST

RW

TIM18 reset
0: No effect;
1: Reset

TIM14RST

RW

TIM14 reset.
0: No effect;
1: Reset

TIM13RST

RW

TIM13 reset
0: No effect;
1: Reset

TIM12RST

RW

TIM12 reset
0: No effect;
1: Reset

TIM7RST

RW

TIM7 reset
0: No effect;
1: Reset

TIM6RST

RW

TIMG6 reset
0: No effect;
1: Reset
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TIM5 reset
0: No effect;
1. Reset
TIM4 reset
0: No effect;
1: Reset
TIM3 reset
0: No effect;
1. Reset
TIM2 reset
0: No effect;
1: Reset

6.10.7 APB1 peripheral reset register 2 (RCC_APB1RSTR?2)
Address offset: 0x3C
Reset value: 0x0000_0000

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

3 TIM5RST RW 0

2 TIMARST RW 0

1 TIM3RST RW 0

0 TIM2RST RW 0

the software clears.

31 [ 30 [ 29 [ 28 [ 27 | 26 [ 25 [ 24 | 23 [ 22 [ 20 [ 20 [ 19 [ 18 ] 17 [ 16
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 | I2C4RST | LPUART1RST | LPTIM1RST
RW RW RW
Bit Name R/W Reset Value Function
31: 3 Reserved - - -
12C4 reset
2 12C4RST RW 0 0: No effect;
1: Reset
LPUARTI1 reset
1 LPUART1RST RW 0 0: No effect;
1. Reset
LPTIM1 reset
0 LPTIM1RST RW 0 0: No effect;
1: Reset

6.10.8 APB2 peripheral reset register (RCC_APB2RSTR)
Address offset: 0x40
Reset value: 0x0000_0000
The register is set and cleared by software. After the software is set, the module maintains a reset until

the software clears.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 | 17 16
Res Res LCDC | OPA | COM | RNG | TIM1 | TIM1 | TIM1 | TIM1 | TIM1 | TIM1 | TIM9 ; ; Res
: : RST | RST | PRST | RST | 9RST | 7RST | 6RST | 5RST | 1RST | ORST | RST .
j RW RW RW RW RW RW RW RW RW | RwW RW j
15 14 13 12 11 10 9 8 7 6 5 4 3 2 [ 1 0
ADC3 | USART | TIM8 | SPI1 | TIML | ADC2 | ADC1 Res SYSCF
RST 1RST RST | RST RST RST RST GRST
RW RW RW | RW RW RW RW i
RW
Bit Name R/W Reset Value Function
31: 30 Reserved - - -
LCDC reset
29 LCDCRST RW 0 0: No effect;
1: Reset
OPA reset
28 OPARST RW 0 0: No effect;
1: Reset
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COMP reset
27 COMPRST RW 0 0: No effect;
1. Reset
RNG reset
26 RNGRST RW 0 0: No effect;
1: Reset
TIM19 reset
25 TIM19RST RW 0 0: No effect;
1. Reset
TIM17 reset
24 TIM17RST RW 0 0: No effect;
1: Reset
TIM16 reset
23 TIM16RST RW 0 0: No effect;
1. Reset
TIM15 reset
22 TIM15RST RW 0 0: No effect;
1. Reset
TIM11 reset
21 TIM11RST RW 0 0: No effect;
1: Reset
TIM10 reset
20 TIM1ORST RW 0 0: No effect;
1. Reset
TIM9 reset
19 TIMORST RW 0 0: No effect;
1: Reset

18: 16 Reserved - -

ADC3 reset
15 ADC3RST RW 0 0: No effect;
1. Reset
USARTI1 reset
14 USART1RST RW 0 0: No effect;
1: Reset
TIMS8 reset
13 TIMBRST RW 0 0: No effect;
1. Reset
SPI1 reset
12 SPI1IRST RW 0 0: No effect;
1: Reset
TIM1 reset
11 TIM1IRST RW 0 0: No effect;
1: Reset
ADC2 reset
10 ADC2RST RW 0 0: No effect;
1: Reset
ADCI1 reset
9 ADCI1RST RW 0 0: No effect;
1: Reset
8:1 Reserved - - -

SYSCFG reset
0 SYSCFGRST RW 0 0: No effect;
1: Reset

6.10.9 AHBL1 peripheral clock enable register (RCC_AHB1ENR)
Address offset: 0x48
Reset value: 0x0000_0014

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 | Res | Res | ESMCE | Res | Res | Res | Re | Res | CRCE | CORDICE | FMCE | Res | SRAME | DMA2E | DMA1E
. . . N . . . S . N N N . N N N
- RW - RW RW RW - RW RW RW
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Bit Name R/W Reset Value Function
31:13 Reserved - - -
ESMC (QSPI) module clock enabled.
12 ESMCEN RW 0 0: Interrupt is disabled
1: Enabled
11: 7 Reserved - - -
Enable CRC clock
6 CRCEN RW 0 0: Interrupt is disabled
1: Enabled
CORDIC clock enable
5 CORDICEN RW 0 0: Interrupt is disabled
1: Enabled
FLASH interface module clock enabled for Sleep
mode.
4 FMCEN RW 1 0: Interrupt is disabled
1: Enabled
3 Reserved - - -
SRAM memory area clock enabled for Sleep
mode.
2 SRAMEN RW 1 0: Interrupt is disabled
1: Enabled
DMA?2 enable
1 DMA2EN RW 0 0: Interrupt is disabled
1: Enabled
DMAL enable
0 DMA1EN RW 0 0: Interrupt is disabled
1: Enabled

6.10.10AHB2 Peripheral Clock Enable Register (RCC_AHB2ENR)

Address offset: 0x4C

Reset value: 0x0000_0000

31 30 29 28 | 27 26 25 24 23 22 21 20 19 18 17 16
Res. Res. Res. Re Re Res. Res. Re Res. Res. Res. Res. Res. Res. ETHRX ETHTX
S. S. S. EN EN
RW RW
15 14 13 12 | 11 10 9 8 7 6 5 4 3 2 1 0
ETH | USB2 | USB1 | Re | Re | AES | SIO | Re | IOPF | IOPE | IOPD | IOPC | IOPB | IOPA Res. Res.
EN EN EN s. s. EN EN s. EN EN EN EN EN EN
RW RW RW - RW RW - RW RW RW RW RW RW -
Bit Name R/W Reset Value Function
31: 18 Reserved - - -
ETH module RX clock enabled.
17 ETHRXEN RW 0 0: Interrupt is disabled
1: Enabled
ETH module TX clock enabled.
16 ETHTXEN RW 0 0: Interrupt is disabled
1. Enabled
ETH clock enable
15 ETHEN RW 0 0: Interrupt is disabled
1: Enabled
USB2 enable
14 USB2EN RW 0 0: Interrupt is disabled
1: Enabled
USBL1 enable
13 USB1EN RW 0 0: Interrupt is disabled
1: Enabled
12:11 Reserved - - -
AES clock enable
10 AESEN RW 0 0: Interrupt is disabled
1: Enabled
SDIO clock enable
9 SIOEN RW 0 0: Interrupt is disabled
1: Enabled
8 Reserved - - -
7 IOPFEN RW 0 IOPF clock enable
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0: Interrupt is disabled
1: Enabled

IOPE clock enable

6 IOPEEN RW 0 0: Interrupt is disabled
1: Enabled

IOPD clock enable

5 IOPDEN RW 0 0: Interrupt is disabled
1: Enabled

IOPC clock enable

4 IOPCEN RW 0 0: Interrupt is disabled
1: Enabled

IOPB clock enable

3 IOPBEN RW 0 0: Interrupt is disabled
1: Enabled

IOPA clock enable

2 IOPAEN RW 0 0: Interrupt is disabled
1: Enabled

1:0 Reserved - - -

6.10.11APB1 peripheral clock enable register 1 (RCC_APB1ENR1)
Address offset: 0x58
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTC | 12C3 [ DAC [ PW [ BKPE | CAN [ CAN | . | UART | 12C2 | 12C1 | UART | UART | USAR | USAR |
EN EN EN | REN N 2EN | 1EN 3EN EN EN 2EN 1EN T3EN | T2EN
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
SPI3 [ SPI2 | oo | Res. | WWD [ oo | TIML | TIML [ TIMI3 | TIML [ TIM [ TIM6 | TIM5 | TIMAE | TIM3E | TIM
EN EN GEN 8EN | 4EN EN 2EN | 7EN EN EN N N 2EN
RW | RW - RW - RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
CTC clock enable
31 CTCEN RW 0 0: Interrupt is disabled
1: Enabled
12C3 enable
30 I2C3EN RW 0 0: Interrupt is disabled
1: Enabled
DAC clock enable
29 DACEN RW 0 0: Interrupt is disabled
1: Enabled
PWR clock enable
28 PWREN RW 0 0: Interrupt is disabled
1: Enabled
BACKUP clock enable
27 BKPEN RW 0 0: Interrupt is disabled
1: Enabled
CANFD clock enable
26 CANZ2EN RW 0 0: Interrupt is disabled
1: Enabled
CAN2.0 enable
25 CAN1EN RW 0 0: Interrupt is disabled
1: Enabled
24 Reserved - - -
UART3 enable
23 UART3EN RW 0 0: Interrupt is disabled
1: Enabled
12C2 enable
22 I2C2EN RW 0 0: Interrupt is disabled
1: Enabled
12C1 enable
21 I2C1EN RW 0 0: Interrupt is disabled
1: Enabled
UART2 enable
20 UART2EN RW 0 0: Interrupt is disabled
1: Enabled
UARTL1 enable
19 UARTIEN RW 0 0: Interrupt is disabled
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1: Enabled

18

USART3EN

RW

USART3 enable
0: Interrupt is disabled
1: Enabled

17

USARTZ2EN

RW

USART?2 enable
0: Interrupt is disabled
1: Enabled

16

Reserved

15

SPISEN

RW

SPI3 enable
0: Interrupt is disabled
1: Enabled

14

SPI2EN

RW

SPI2 enable
0: Interrupt is disabled
1: Enabled

13:12

Reserved

11

WWDGEN

RW

WWDG clock enable
0: Interrupt is disabled
1: Enabled

10

Reserved

TIM18EN

RW

TIM18 enable
0: Interrupt is disabled
1: Enabled

TIM14EN

RW

TIM14 enable
0: Interrupt is disabled
1: Enabled

TIM13EN

RW

TIM13 enable
0: Interrupt is disabled
1: Enabled

TIM12EN

RW

TIM12 enable
0: Interrupt is disabled
1: Enabled

TIM7EN

RW

TIM7 enable
0: Interrupt is disabled
1: Enabled

TIMGEN

RW

TIM6 enable
0: Interrupt is disabled
1: Enabled

TIMSEN

RW

TIM5 enable
0: Interrupt is disabled
1: Enabled

TIMAEN

RW

TIM4 enable
0: Interrupt is disabled
1: Enabled

TIM3EN

RW

TIM3 enable
0: Interrupt is disabled
1: Enabled

TIM2EN

RW

TIM2 enable
0: Interrupt is disabled
1: Enabled

6.10.12APB1 peripheral clock enable register 2 (RCC_APB1ENR?2)
Address offset: 0x5C

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res Res
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | Res. | 12C4EN | LPUART1EN | LPTIM1EN
- RW RW RW
Bit Name R/W Reset Value Function
31: 3 Reserved - - -
12C4 enable
2 12C4 EN RW 0 0: Interrupt is disabled
1: Enabled
1 LPUART1EN RW 0 LPUART1 enable

0: Interrupt is disabled
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1: Enabled

LPTIM1EN

RW

LPTIM1 enable
0: Interrupt is disabled
1: Enabled

6.10.13APB2 peripheral clock enable register (RCC_APB2ENR)
Address offset: 0x60

Reset value: 0x0000_0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 | 17 ‘ 16
Res. Res. LCD | OPA | COM | RNG | TiM1 | TIM1 | TIM1 | TIM1 | TIM1 | TIM1 | TIM9 Res
CEN EN PEN EN 9EN 7EN 6EN 5EN 1EN OEN EN
- 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
ADC | USART [ TIM8 | SPI1 [ TIML | ADC | ADCL | . Res. Res. Res. Res. | Res | Re | Re | SYSCF
3EN 1EN EN EN EN 2EN EN s. | s GEN
RW RW RW | RW | RW RW RW RW
Bit Name R/W Reset Value Function
31:30 Reserved - - -
LCDC clock enable
29 LCDCEN RW 0 0: Interrupt is disabled
1: Enabled
OPA clock enable
28 OPAEN RW 0 0: Interrupt is disabled
1: Enabled
COMP clock enable
27 COMPEN RW 0 0: Interrupt is disabled
1: Enabled
RNG clock enable
26 RNGEN RW 0 0: Interrupt is disabled
1: Enabled
TIM19 enable
25 TIM19EN RW 0 0: Interrupt is disabled
1: Enabled
TIM17 enable
24 TIM17EN RW 0 0: Interrupt is disabled
1: Enabled
TIM16 enable
23 TIM16EN RW 0 0: Interrupt is disabled
1: Enabled
TIM15 enable
22 TIM15EN RW 0 0: Interrupt is disabled
1: Enabled
TIM11 enable
21 TIM11EN RW 0 0: Interrupt is disabled
1: Enabled
TIM10 enable
20 TIM10EN RW 0 0: Interrupt is disabled
1: Enabled
TIM9 enable
19 TIMOEN RW 0 0: Interrupt is disabled
1: Enabled
18: 16 Reserved - - -
ADC3 enable
15 ADC3EN RW 0 0: Interrupt is disabled
1: Enabled
USART1 enable
14 USART1EN RW 0 0: Interrupt is disabled
1: Enabled
TIM8 enable
13 TIM8EN RW 0 0: Interrupt is disabled
1: Enabled
SPI1 enable
12 SPI1EN RW 0 0: Interrupt is disabled
1: Enabled
11 TIM1EN RW 0 TIM1 enable
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0: Interrupt is disabled
1: Enabled

10

ADC2EN

RW

ADC2 enable
0 0: Interrupt is disabled
1: Enabled

ADC1EN

RW

ADC1 enable
0 0: Interrupt is disabled
1: Enabled

8:1

Reserved

SYSCFGEN

RW

SYSCFG clock enable
0 0: Interrupt is disabled
1: Enabled

6.10.14Peripherals independent clock configuration register (RCC_CCIPR)
Address offset: 0x68
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 COMPg]SEL [ COMP3SEL [1: 0] COMP2SEL [1: 0] COMPé]SEL [
RW RW RW RW RW RW RW RW
15‘14 13‘12 11‘10‘9‘3 7 6 5 4 3 2 1 0
LPTIMLSEL [1: 0] | LPUART1SEL [L: 0] Res. USART3SEL [1: 0] | USART2SEL [1: 0] USARTS]SE" [
RW ‘ RW RW ‘ RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 24 Reserved - - -
COMP4 clock source selection.
00: PCLK
01: LSl
10: LSE
23:22 COMPA4SEL [1: 0] RW 2’h0 11: Reserved;
Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.
COMP3 clock source selection.
00: PCLK
01: LSl
10: LSE
21: 20 COMP3SEL [1: 0] RW 2’h0 11: Reserved;
Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.
COMP2 clock source selection.
00: PCLK
01: LSl
10: LSE
19: 18 COMP2SEL [1: 0] RW 2’h0 11: Reserved;
Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.
COMP1 clock source selection.
00: PCLK
01: LSl
10: LSE
17: 16 COMP1SEL [1: 0] RW 2’h0 11: Reserved;
Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.
LPTIM1 clock source selection.
) 00: PCLK
15: 14 LPTIM1SEL [1: 0] RW 2’h0 01 LS|
10: HSI
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11: LSE

Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.

LPUARTL1 Clock source selection.

00: PCLK

01: SYSCLK;

10: HSI

13:12 LPUARTI1SEL [1: 0] RW 2’h0 11: LSE

Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.

11: 6 Reserved - - -

USARTS3 clock source selection.

00: PCLK

01: SYSCLK;

10: HSI

5.4 USART3SEL [1: 0] RW 2’h0 11: LSE

Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.

USART?2 clock source selection.

00: PCLK

01: SYSCLK;

10: HSI

3:2 USART2SEL [1: 0] RW 2’h0 11: LSE

Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.

USART1 clock source selection.

00: PCLK

01: SYSCLK;

10: HSI

1:0 USARTI1SEL [1: 0] RW 2’h0 11: LSE

Note: Before switching the clock source, you
need to turn off the clock enable, and then turn
on the clock enable after the switching is com-
pleted.

6.10.15RTC domain control register (RCC_BDCR)
Address offset: 0x70
Reset value: 0x0000_0000
The LSEON, LSEBYP, LSEDRYV, RTCSEL and RTCEN bits in the register are in the backup domain
and can be reset only when the backup domain is reset, and the backup domain reset includes a
backup domain power-on reset (BPOR) and a backup domain soft reset (BDRST).
When this register is accessed continuously , 0 < wait state < 3.
This register does not belong to the VDDD domain but belongs to the RTC domain (VBAK domain).
After reset, the register needs to be write-protected, that is, the PWR_CR1. DBP bit needs to be set to

1.
31 ‘ 30 ‘ 29 ‘ 28 ‘ 27 ‘ 26 ‘ 25 ‘ 24 ‘ 23 ‘ 22 ‘ 21 ‘ 20 ‘ 19 ‘ 18 ‘ 17 16
Res. BDRST
RW
15 1132 ufw]| 9| s 7 6 5 EE 2 1 0
RTCEN | Res. | Res. | Res. | Res. | Res. RTC%I]EL [ Res. | Res. | Res. LSE%?V (x: LSEBYP | LSERDY | LSEON
RW - RW ‘ RW - RW ‘ RW RW R RW
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Bit

Name

R/W

Reset Value

Function

31:17

Reserved

16

BDRST

RW

0

Backup domain soft reset.
0: No effect;
1. reset

15

RTCEN

RW

RTC and TAMP clock enabled.
0: Interrupt is disabled
1: Enabled

14:10

Reserved

9:8

RTCSEL [1: 0]

RW

2’h0

RTC clock source selection.

00: No clock

01: LSE

10: LSI

HSE divided by 128.

Once the RTC clock source is selected, it cannot
be changed unless the backup domain reset is
cleared.

7.5

Reserved

4:3

LSEDRV [1: 0]

RW

2’h0

LSE drive capability settings
00: gm 2.5 uA/V

01: gm 3.75 uA/V

10: gm 8.5 UA/V

11: gm 13.5 UA\V

LSEBYP

RW

LSE OSC bypass

0: Low speed external clock selection crystal os-
cillator,;

1: Low speed external clock Select external in-
terface input clock;

This bit can be written only when the external
32.768 KHz oscillator is disabled (LSEON=0 and
LSERDY=0).

LSERDY

LSE OSC ready.

Hardware Configuration This bit of 1 indicates
that the LSE clock is stable.

After LSEON is cleared, this bit needs 6 LSE
clocks before clearing.

LSEON

RW

LSE oscillator enable
0: Interrupt is disabled
1: Enabled

6.10.16 RCC control/status register (RCC_CSR)
Address offset: 0x74
Reset value: 0x0800_0000

The reset flag bit in this register can only be reset by power reset, and the rest by system

reset.

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

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

LPWRR | WWDGR | IWDGR | SFTRS | PWRR | PINRS | OBLRS | RM | Re | Re [ Re | Re | Re [ Re | o o | oo
STF STF STF TF STF TF TF VF | s. | s. | s | s | s | s

R R R R R R R RW

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

Re | Re | Re | Re | Re | Re LSIR LSl

Res. Res. Res. Res. Res. Res. Res. Res. s s s. s s s DY ON

R RW

Bit Name R/W Reset Value Function
Low power reset flag.

The hardware sets this register when the
stop/standby low power mode is entered.

31 LPWRRSTF R 0 This register can only be operated if the nRST_STOP,
NRST_STDBY option byte is in the clear (active)
state.

Cleared by writing 1 to the RMVF hit.

30 WWDGRSTF R 0 Window WDG reset flag.
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Cleared by writing 1 to the RMVF hit.

29

IWDGRSTF

Independent watchdog reset flag
Cleared by writing 1 to the RMVF hit.

28

SFTRSTF

Software reset flag
Cleared by writing 1 to the RMVF bit.

27

PWRRSTF

POR/PDR reset flag.
Cleared by writing 1 to the RMVF hit.

26

PINRSTF

PIN reset flag
Cleared by writing 1 to the RMVF hit.

25

OBLRSTF

Option byte loader reset flag.
Cleared by writing 1 to the RMVF bit.

24

RMVF

The software sets the clear reset flag.

The operation of writing this bit to 1 will clear the reset
flag starting at bit25. After the software writes 1, the
bit will remain at 1, and the hardware will not clear it.

23:2

Reserved

LSIRDY

LSI oscillator stable flag
0: LSI OSC is not ready;
1: LSI OSC ready;

LSION

RW

LSl oscillator enable

0: Interrupt is disabled

1: Enabled

When the hardware turns on the analog LSI:

1) Hardware IWDG enabled;

6.10.17Clock configuration register 1 (RCC_CFGR1)

Address offset: 0x78
Reset value: 0x1080_8000

31 30‘29 28|27‘26‘25‘24‘23‘22‘ 21 ‘20‘19|18|17|16
USBSELHSI48 PVD%?" [x: HSI48CAL [12: 0]
RW RW | RW R R R R R R R R R R R R R
15 14 13 12 11 10 8 6 5 4 3 2 1 0
HSI48TRIM [6: 0] Res. | Res. | Res. | HSI48RDY | HSI480N | Res. MCOPRE [2: (]
RW R RW - RW | RW | RW
Bit Name R/W Reset Value Function
USBD module clock selection.
31 USBSELHSI48 RW 0 0: USBD clock selection PLL (frequency division);
1: USBD clock selection HSI 48;
PVD filtered clock selection.
00: PVD filter clock selection LSI
01: PVD filter clock selection LSE
10: PVD filter clock selection PWR PCLK

30: 29 PVDSEL [1: O] RW 2’h0 11: Reserved,;

Note: Before configuring PWR_CR.PVDE = 1 to enable

the PVD function, you need to configure this register to

select the PVD filter clock, and the clock selection will

not change during the entire process.

HSI148 clock calibration value.

During the loading phase of the power-on process, this
. . , register loads the Flash information area value.

28: 16 HSI48CAL [12: 0] R 13'h1080 When the software reads this register, the return value
is HSI48CAL+HSI48TRIM. When the HSI48TRIM value
changes, the register value will also be updated.

HSI148 clock Trimming value.
The software writes into this register to adjust the
15: 9 HSI48TRIM [6: 0] RW 7’h40 HSI48 clock, superimposes it on the HSI48CAL and
outputs it to the analog HSI48.
This register is reset when the system is reset.
8:6 Reserved - - -
HSI148 clock ready logo.
5 HSI48RDY R 0 The hardware setting indicates that HSI48 is stable.

This bit is valid only if HSI480N = 1.
0: HSI48 is not ready;
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1: HSI48 ready

after 6 HSI148.

When HSI480N is cleared, HSI48RDY will pull down

4 HSI480N

RW

0 0: HSI48 OFF,;
1: HSI48 ON,;

HSI148 clock enabled.

3 Reserved

2:0 MCOPRE [2: 0]

RW

000: 1
001: 2
010: 4
011:8
100: 16
101: 32
110: 64
111: 128

3’'h0

MCO (microcontroller clock output) frequency division
factor. The software controls these bits and sets the fre-
quency division factor of the MCO output:

These bits are set before the MCO output is enabled.

6.10.18Clock configuration register 2 (RCC_CFGR2)

Address offset: 0x7C

Reset value: 0x0000_0008

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 | 3] 12 12| 10 9 8 7 6 5 4 3‘2|1| 0
Res. | Res. | Res. | Res. | Res. | Res. HSE—B]RV[L Res. | Res. | Res. | Res. CANCKSEL [3: 0]
RW‘RW - RW‘RW‘RW‘RW
Bit Name R/W Reset Value Function
31: 10 Reserved - - -
HSE Drive Capability Configuration
00: 4-8MHz
9:8 HSE_DRV [1: 0] RW 2’h0 01: 8-16 MHz
10: 16-32MHz
11: Reserved
7.4 Reserved - - -
CAN communication clock selection.
0000: PLL clock
0001: PLL clock divided by 2;
0010: PLL clock divided into 3;
0011: PLL clock divided into 4;
3:0 CANCKSEL [3: 0] RW 4’h8 0100: PLL clock divided into 5;
0101: PLL clock divided into 6;
0110: PLL clock divided into 7;
0111: PLL clock divided into 8;
1000 HSE clock
others: no clock;
6.10.19Clock configuration register 3 (RCC_CFGR3)
Address offset: 0x80
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
PLL_FBDIV [7: 0] Res. PLL—PO(_")S]TD'V[L PLL—P%']ED'V[L PLLXTPRE | PLLSRC
RW‘RW‘RW‘RW‘RW‘RW‘RW‘RW B RW ‘RW RW‘RW RW RW
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Name R/W | Reset Value Function

31:16 Reserved - - -
Configure the PLL doubling factor.
00000000: x2
00000001: x3

15: 8 PLL_FBDIV [7: 0] RW 8’h0 00000010: x4
11111101: x255
11111110: x256
11111111: x257

Reserved - - -
Frequency division ratio setting after phase-locked loop
00: 1 frequency division
PLL_POSTDIV [1: 0] RW 2’h0 01: 2 division
10: 4 division
11: 8 division
Frequency division ratio setting before phase-locked
loop
PLL_PREDIV[L:0] | RW 2'h0 00: 1 frequency division
01: 2 division
10: 4 division
11: 8 division
HSE frequency division serves as PLL source.
This bit can only be written when the PLL is closed.
PLLXTPRE RW 0 0: HSE clock as PLL source
1: HSE clock divided by 2 as PLL source
PLL clock source selection.
This bit can only be written when the PLL is closed.
PLLSRC RW 0 0: HSI16 2-divided as PLL input clock

1: HSE clock configured by PLLXTPRE as PLL input
clock

7.2

Backup register (BKP)

Introduction
The backup register consists of 32 32-bit registers, which can be used to store 128 bytes of user data.

The modules are in the backup domain, and when the VCC power is cut off, they are still maintained

by VBAT (Backup Domain Power). They are also not erased when the system is awakened in standby

mode, system reset or power reset (POR).

The backup register is reset by a backup domain power-on reset (BPOR) or software reset (BDRST),

and when an intrusion event is detected, the contents of the backup register are erased.

The BKP control register is used to manage intrusion detection and RTC calibration functions.

After reset, the backup registers and RTC are not accessible, and the backup domain is protected

from possible unexpected write operations. Do the following to enable write access to the backup

registers and RTC:

B Turn on the power and back up the domain module clock by setting the PWREN and BKPEN bits
of register RCC_APB1ENR1

B The DBP bit of the power supply control register 1 (PWR_CR1) is set to 1 to enable write access
to the backup register and the RTC.

Main features

B Supports 128-byte data backup register

B Status and control registers that manage intrusion detection and have interrupt functions

B Store RTC Check Value

126/1101



PY32E407 Reference Manual

B Output an RTC calibration clock, an RTC alarm pulse or a second pulse on the PC13 pin (when
this pin is not used for intrusion detection)
B Backup registers are protected by RDP (Read Protection) of FLASH
7.3 Functional description
7.3.1 Intrusion detection
When the signal on the TAMPER pin changes from 0 to 1 or from 1 to 0 (depending on the TPAL bit
of the backup control register BKP_CR), an intrusion detection event occurs. The intrusion detection
event clears all data backup register contents. However, in order to avoid loss of intrusion events, the
intrusion detection signal is a logical AND of the signal of the edge detection and the intrusion detection
permission bit, so that intrusion events that occur before the intrusion detection pin is permitted can
also be detected.
B When TPAL = 0: If the pin is already high before starting the intrusion detection TAMPER pin (by
setting the TPE bit), once the intrusion detection function is started, an additional intrusion event
will be generated (although there is no rising edge after the TPE position '1').
B When TPAL = 1: If the intrusion detection pin TAMPER is already low before the intrusion detection
pin is started (by setting the TPE bit), once the intrusion detection function is started, an additional
intrusion event will be generated (although there is no falling edge after the TPE position '1').
Set the TPIE bit of the BKP_CSR register to '1' to generate an interrupt when an intrusion event is
detected. After an intrusion event is detected and cleared, the intrusion detection pin TAMPER should
be disabled. Then, the intrusion detection function is reactivated with the TPE bit before writing to the
backup data register again. In this way, the software can be prevented from writing to the backup data
register when there is still an intrusion event on the intrusion detection pin. This is equivalent to level
detection of the intrusion pin TAMPER.
NOTE: The intrusion detection function is still active when the VCC power is disconnected. To avoid
unnecessarily resetting the data backup registers, the TAMPER pin should be connected to the correct
level off-chip.
7.3.2 RTC calibration
For the convenience of measurement, the RTC clock can be output to the intrusion detection pin
TAMPER by 64 division. This function is turned on by setting the CCO bit of the RTC check register
(BKP_RTCCR).
By configuring the CAL [6: 0] bit, the clock can be slowed down by up to 121 ppm.
7.3.2.1 Overview
Real-time clock (RTC) accuracy is a requirement for most embedded applications, but due to changes
in external ambient temperature, the crystal frequency of the clock causes the RTC accuracy to be not
as accurate as expected. The circuit is calibrated using a digital clock, allowing the application to com-
pensate for crystal and temperature changes.
7.3.2.2 RTC calibration method
The RTC clock can be driven by a quartz crystal controlled oscillator with a rated frequency of 32.768
kHz. The crystal oscillator is one of the most accurate circuits to provide a fixed frequency. There are

two reasons for clock errors:
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1. Temperature Change

2. Crystal changes

As mentioned earlier, most clock chips compensate for crystal frequency and temperature changes by
using cumbersome trimmer capacitors. The design employs periodic counter correction. The digital
calibration circuit eliminates 0 to 127 cycles every 220 clock cycles. The number of pulses blanked
depends on the value of the RTC clock calibration register BKP_RTCCR.CAL loaded into the BKP.
Since the RTC clock calibration register is in the backup domain, if the battery is connected to the
VBAT pin, the calibration value is not lost even if the device is powered off.

The structure block diagram looks like this:

BKP_RTCCR.CAL[6:0]

HSE/128

JUULIL
) ] LSE mrEE [ RTC
i — RTCCLK
32768Hz £ I Oscillator
0l —_1
RTC_OUT
CRI l¢—— DIV64
CUEIF 52 2H 28T HD :

BKP_RTCCR.CCO

Note: The clock output on the pin is the RTC clock before calibration, so the calibration does not
change its value.

The effect of each calibration step is to subtract 1 oscillator cycle for every 1 048 576 (220) actual
oscillator cycles. That is, the adjustment amount of each calibration step in the calibration register is
0.954 (1000000/220) ppm. As a result, the oscillator clock can be slowed down from 0 to 121 ppm.
The table below shows the number of ppm and seconds each bit is represented in real time in each

month (30 days).

Values are in Values are in
seconds, seconds,

Calibration value Rounded to near- rounded to the Calibration value Rounded to near- rounded to the

est ppm nearest second est ppm nearest second

per month (30 per month (30
days) days)
0 0 0 64 61 158
1 1 2 65 62 161
2 2 5 66 63 163
3 3 7 67 64 166
4 4 10 68 65 168
5 5 12 69 66 171
6 6 15 70 67 173
7 7 17 71 68 176
8 8 20 72 69 178
9 9 22 73 70 180
10 10 25 74 71 183
11 10 27 75 72 185
12 11 30 76 72 188
13 12 32 77 73 190
14 13 35 78 74 193
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15 14 37 79 75 195
16 15 40 80 76 198
17 16 42 81 77 200
18 17 44 82 78 203
19 18 47 83 79 205
20 19 49 84 80 208
21 20 52 85 81 210
22 21 54 86 82 213
23 22 57 87 83 215
24 23 59 88 84 218
25 24 62 89 85 220
26 25 64 90 86 222
27 26 67 91 87 225
28 27 69 92 88 227
29 28 72 93 89 230
30 29 74 94 90 232
31 30 77 95 91 235
32 31 79 96 92 237
33 31 82 97 93 240
34 32 84 98 93 242
35 33 87 99 94 245
36 34 89 100 95 247
37 35 91 101 96 250
38 36 94 102 97 252
39 37 96 103 98 255
40 38 99 104 99 257
41 39 101 105 100 260
42 40 104 106 101 262
43 41 106 107 102 264
44 42 109 108 103 267
45 43 111 109 104 269
46 44 114 110 105 272
47 45 116 111 106 274
48 46 119 112 107 277
49 47 121 113 108 279
50 48 124 114 109 282
51 49 126 115 110 284
52 50 129 116 111 287
53 51 131 117 112 289
54 51 133 118 113 292
55 52 136 119 113 294
56 53 138 120 114 297
57 54 141 121 115 299
58 55 143 122 116 302
59 56 146 123 117 304
60 57 148 124 118 307
61 58 151 125 119 309
62 59 153 126 120 311
63 60 156 127 121 314

As mentioned above, the RTC clock calibration circuit only subtracts cycles from the crystal clock.
Based on the RTC prescaler value set to 32768 by default, faster crystal frequencies (> 32.768 kHz)
can be calibrated, while slower crystal frequencies (< 32.768 kHz) cannot be compensated (only the
faster crystals are calibrated, the slower ones will exacerbate the slower situation). So only the crystal
frequency range [32 772, 32 768] can be calibrated.

Since the crystal frequency may vary around 32.768 kHz, the crystal frequency may be adjusted from
32.768 kHz to 32.766 kHz, for example, by setting the RTC prescalation to 32766 (instead of 32768).
In this way, the range of crystal frequencies of [32770, 32766] can be compensated for.

7.3.2.3 Calculate the amount of calibration required
In order to determine how much calibration is needed in a given application, it is necessary to use the

output function of the RTC clock on a case-by-case basis. The RTC clock output can be used to
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measure the accuracy of the crystal oscillator. If the frequency of the crystal oscillator is an exact
32.768 kHz, the frequency of the RTC clock output is exactly 512 Hz.

The method can be divided into the following steps:

1. Enable the Low Speed External Oscillator (LSE), select LSE as the RTC clock source, and then
enable the RTC clock.

2. Output the64-point frequency of the RTC clock on the RTC_OUT pin (PC13)for crystal frequency
measurement. This is achieved by placing CCO position 1in BKP_RTCCR.

3. Calculate crystal frequency deviation (ppm). Assuming the RTC prescaler value of 32766, the de-
viation in ppm can be quickly calculated by dividing the measured deviation of 511.968 Hz
(32766/64 ~ 511.968) by 511.968 and multiplying the result by 1 million. This table is a direct look-up
table of calibration values based on variation values expressed in ppm.

4. Write calibration values to the RTC calibration register to compensate for crystal deviation.

Note: To set the RTC prescaler to 32766, write 32765 to the RTC prescaler register.

For example, if the frequency measured in the actual measurement is 511.982 Hz, & is 0.014. Divided
by 511.968 and multiplied by 1 million, the result is 27.35 ppm. In this case, the closest compensation
value is 28. The error will be reduced from 27.35 ppm (71 seconds per month) to 0.65 ppm (1.7 sec-
onds per month).

Note: Since the principle of RTC calibration is to ignore part of the RTC clock pulse, it does not improve
counting in short time, it only improves counting in long time. For example, using an RTC count of 0.01
seconds without calibration would be more accurate than with calibration. Since the calibration cycle
may or may not occur within the time frame considered, the resulting values may vary significantly.

Therefore, depending on the application, it is preferable not to use calibration.

7.3.3 Erasure of backup registers

7.4

The backup register may be erased in the following ways:

@® VBAT domain power-on reset

(@ The intrusion detection circuit successfully captures the intrusion event

(® BDRST (backup domain soft reset) of register RCC_BDCR is written to 1

@ RDP level Changes from 1to 0

(® TEF flag bitis 1

Note: When erasing is being done, the bus will be in an unanswering state, and the bus cannot perform
any read and write operations on the BKP.

TIMX registers
Note: All registers of the BKP module can only be accessed in word mode

7.4.1 Backup Control Register (BKP_CR)

Address offset: 0x00
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. TPAL | TPE
- RW RW
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Bit

Name

R/W

Reset Value

Function

31: 2

Reserved

TPAL

RW

Intrusion detection TAMPER pin active level.

0: A high level on the intrusion detection TAMPER pin will
clear all data backup registers (when TPE = 1);

1: A low level on the intrusion detection TAMPER pin will
clear all data backup registers (when TPE = 1);

Note: This bit cannot be changed when TPE = 1.

TPE

RW

Start intrusion detection TAMPER pin.

0: The intrusion detection TAMPER pin is used as a gen-
eral-purpose 10 port;

1: Intrusion detection TAMPER pin is used as intrusion de-
tection;

7.4.2 Backup Control/Status Register (BKP_CSR)

Address offset: 0x04
Reset value: 0x0000 0000

81 [ 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
Res. TIF TEF Res. TPIE | CTI CTE
- R R - RW W W
Bit Name R/W Reset Value Function
31:10 Reserved - - -
Trespass interrupt flag.
When an intrusion event is detected and the TPIE bit
is 1, this bit is set to 1 by the hardware. This flag bit is
cleared (and the interrupt is also cleared) by writing 1
to the CTI bit. If the TPIE bit is cleared, this bit is also
9 TIF R 0 cleared.
This flag can be cleared by system reset, but not by
backup domain reset. This flag clears when the micro-
controller wakes up from standby mode
0: no intrusive interruption;
1: Generate intrusion interrupt;
Trespass event flag.
This bit is set to 1 by the hardware when an intrusion
event is detected. This flag bit can be cleared by writ-
ing 1 to the CTE bit.
0: No invasive event;
8 TEF R 0 1: Intrusion event detected,;
Note: The intrusion event resets all BKP_DRXx regis-
ters. When this bit is set to 1, if a write operation is
performed to BKP_DRY, the written value will not be
saved.
7:3 Reserved - - -
Allow intrusion into the TAMPER pin interrupt.
0: Disable intrusion detection interrupt;
1: Allow intrusion detection interrupt (TPE bit of
2 TPIE RW 0 BKP_CR register must also be set to 1)
This flag can be cleared by system reset, but not by
backup domain reset. When the microcontroller
wakes up from standby mode, this flag is cleared
Clear intrusion detection interrupt.
This bit can only write 1 and read 0.
1 CTI w 0 0: invalid;
1: Clear intrusion detection interrupt and TIF intrusion
detection interrupt flags.
Clear intrusion detection events.
This bit can only write 1 and read 0.
0 CTE W 0 0: invalid;
1: Clear the TEF intrusion detection event flag (and
reset the intrusion detector).
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7.4.3 RTC clock calibration register (BKP_RTCCR)
Address offset: 0x08

Reset value: 0x0000 0000

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

15 | 14 | 13 [ 12 [ 11 [ 10 9 8 7 6 | 5 ] 4 | 3 [ 2 J 1] o

Res.

ASOS

ASOE

CCO

RW

RW

RW

Bit

Name

R/W

Reset Value

Function

31: 10

Reserved

Alarm clock or second output selection.

When the ASOE bit is set, the ASOS bit can be used to
select whether the RTC second pulse or the alarm pulse is
output on the TAMPER pin.

0: Output RTC alarm pulse;

1: Output second pulse

Note: This bit can only be cleared by backup domain re-
set.

Allows the output of alarm clock or second pulse.
Depending on the ASOS bit configuration, this bit allows
an RTC second pulse or an alarm pulse to be output to
the TAMPER pin.

The width of the output pulse is one cycle of the RTC
clock. When the ASOE bit is set, the function of TAMPER
cannot be turned on.

Note: This bit can only be cleared by backup domain re-
set.

Calibrate the clock output.

0: No effect;

1: Output the RTC 64-divided clock at the intrusion detec-
tion pin.

After CCO position 1, the intrusion detection function must
be turned off to avoid detecting invalid intrusion events.
Note: This bit is cleared when the VCC power is discon-
nected.

Calibration values.

The calibration value indicates how many clock pulses will
be skipped every 220 clock pulses. This can be used to
calibrate the RTC to slow down the clock at a ratio of
1000000/220 ppm.

The RTC clock can be slowed down by 0 ~ 121 ppm.

Note: (1) When CCO and ASOE are 1 at the same time, ASOS priority is high.

(2) The data of this register needs to be synchronized from APB to RTC clock domain to ensure that the

9 ASOS RW 0

8 ASOE RW 0

7 CCO RW 0

6:0 CAL [6: 0] RW 6'h0

written value is confirmed to be correct and can be written again.

7.4.4 Backup Data Register (BKP_DRx) (x=0 ... 31)
Address offset: 0x80 + 0x04 * x, (x = 0 to 31) (0x80 ~ OxFC)
Reset value: 0x0000 0000

31 | 30 | 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 | 22 | 212 | 20 [ 19 [ 18 [ 17 [ 16
D [31: 16]
RW

15 | 14 [ 13 [ 12 | 12 | 120 | 9 | 8 | 7 | & | 5 | 4 1 3 ] 2 1T 171 o
D [15: 0]
RW

Bit Name R/W Reset Value Function

Backup data. These bits may be used to hold user data.
Note: The BKP_DRXx register will not be reset by system
reset, power reset, wake-up reset from standby mode.
Can be reset by a backup domain reset or (if the intrusion
detection pin TAMPER function is turned on) by an intru-
sion pin event.

31:0 D [31: 0] RW 32'h0
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8.2

8.3

CRC Computing Unit (CRC)

Introduction
The cyclic redundancy check (CRC) unit may calculate the CRC code from the 8-bit, 16-bit, 32-bit

generator polynomial using a 7-bit, 8-bit, 16-bit, 32-bit custom generator polynomial.

In other applications, CRC-based techniques are used to verify the integrity of data transmission or
storage. Within the field of functional safety standards, CRC-based technologies provide a way to
verify the integrity of flash memory. The CRC computing unit may compute the identity of the software
at the time of the program running, then compare it with the reference identity generated at the time of
connection, and then store it in a designated memory space.

CRC main features

B Using CRC-32 Ethernet Polynomial: 0x4C11DB7

X32 + X26 + X23 + X22 + X16 + X12 + X11 + X10 + X8 + X7 + X5 + X4 + X2 + X+1

B Supports programmable polynomials, and the polynomial bit width is also programmable (sup-
ports 7, 8, 16, 32-bit polynomials)

Supports calculation of 8, 16, 32 bits of data

Customizable CRC initial value

General purpose 32-bit register (can be used to store temporary data)

With input cache function

One 32-bit data register for input/output

CRC calculation time: 4 AHB clock cycles (HCLK) required for 32-bit data; For 16-bit data, 2 AHB

clock cycles are required; 1 AHB clock cycle (HCLK) required for 8-bit data

Support input data inversion, output data inversion

The CRC_DR register can be accessed by the AHB bus at 8 bits right aligned, 16 bits right aligned,
32 bits, and other registers can only be accessed by the AHB bus at 32 bits

CRC functional description

8.3.1 CRC Structure Block Diagram

< 32 AHBERZE >
n ZAN &
PN :I.E :I'S
il il e
=
TN LR @
kit ki ROVEEEE |
CRCEEHIBER |
CRCIHE T 4 CRCEMRBSHE |
| ROBIHIEEEE |

Figure 8-1 Structure of CRC module
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8.3.2 CRC Operation
The CRC computing unit contains one 32-bit data register (CRC_DR). For write operations, it is used
to save input data; For read operations, it is used to save the previous CRC calculation results. Each
time the data register is written, the calculation result is a combination of the previous CRC calculation
result and the new calculation result (CRC calculation is performed on the entire 32-bit word, rather
than byte by byte), depending on the format of the written data. The CRC_DR register can be accessed
by words (32 bits), right-aligned half-words (16 bits), right-aligned bytes (8 bits), while other CRC reg-
isters only allow 32 bits.
For data with different bit widths, the CRC calculation module needs different time, as follows:
B Computing 32-bit data requires 4 AHB clock cycles
B Computing 16-bit data requires 2 AHB clock cycles
B [t takes 1 AHB clock cycle to calculate 8-bit data
The input cache allows the user to write the second data immediately after the first data is written,
without waiting for the previous data to be calculated.
Users can dynamically adjust the data size to reduce the number of accesses to this module when
calculating a specific number of bytes of data. For example, to calculate a 5-byte data, one word of
data can be written to this module, and then one byte of data can be written to obtain the calculation
result.
This module supports input data inversion function to adapt to different size and size ends. According
to REV_IN [1: O] of the CRC_DR register, the input data inversion can be inverted in units of 8 bits, 16
bits, and 32 bits.
For example, for input data 0x1A2B3C4D that requires a CRC operation:
B The data after inversion in bytes (8 bits) is 0x58D43CB2
B The data after inversion in units of half words (16 bits) is 0xD458B23C
B The data after inversion in words (32 bits) is 0xB23CD458
The REV_OUT bit in the CRC_CR register can invert the output data. This operation is done at the bit
level, for example: the output data is 0x112233544, which is inverted to become 0x22CC4488
Placing the RESET position 1 of the CRC_CR register enables the initial value of the CRC calculator
to be loaded with a programmable value (default value is OXFFFFFFF)
The CRC initial value can be programmed to the value contained in the CRC_INIT register. When the
CRC_INIT register is written, the CRC_DR register is automatically initialized.
The CRC_IDR register may be used to hold temporary values related to the CRC calculation. It is not
affected by the RESET bit in the CRC_CR register.

8.3.3 Polynomial programmability
The coefficients of the polynomial can be fully customized by the CRC_POL register, and the bit width
of the polynomial can be configured as 7 bits, 8 bits, 16 bits, 32 bits according to POLYSIZE [1: 0] of
the CRC_CR register. Even polynomials are not supported, for example: even polynomials are of the

form x+x2 + ... + xn, while odd polynomials are of the form 1 + x+x2 + ... + xn.
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If the CRC data is less than 32 bits, the value of CRC will be read from the least significant bit of
CRC_DR.

In order to obtain a reliable CRC calculation result, the value or size of the polynomial cannot be
changed during the calculation of the CRC. The CRC must be reset before the CRC polynomial can
be changed.

The default polynomial is the CRC-32 (Ethernet) polynomial: 0x4C11DB?7.

8.4 TIMX registers

8.4.1 CRC dataregister (CRC_DR)

Address offset: 0X00
Reset value: OXFFFF FFFF

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

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

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

Data register bits.

When new data of the CRC counter is written, it is
used as an input register.

Returns the result of the previous CRC calculation
when read.

If the CRC data is less than 32 bits, the lower bits of
this register are used to read or write the correct

31:0 DR [31: 0] RW 32’hFFFFFFFF

data.
8.4.2 Independent Data Register (CRC_IDR)
Address offset: 0x04
Reset value: 0x0000 0000
31 | 30 [ 20 | 28 [ 27 | 26 | 25 | 24 | 23 [ 22 | 210 [ 20 | 19 [ 18 | 17 | 16
IDR [31: 16]
RW [ RW | RW [ RW | RW [ RW | RW | RW | RW | RW | RW | RW | RW | RW [ RW | RW
15 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDR [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

General purpose 32-bit data register bits. Data can be
stored temporarily.

. . , This register is not affected by CRC resets generated by
81:0 IDR[31:0] | RW 320 the RESET bit in the CRC_CR register.

Note: This register does not participate in CRC calculation
and can store any data.

8.4.3 CRC control register (CRC_CR)
Address offset: 0x08
Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 [ 27 | 26 | 25 | 24 | 23 [ 22 ] 212 | 20 [ 19 | 18 | 17 | 16
Res.
15 | 14 | 13 [ 12 | 11 [ 10 [ 9 | 8 7 6 | 5 4 [ 3 2 | 1 0
Res. REV_OUT | REV_IN[1:0] | POLYSIZE [1: Res. RESET
0]
RW RW RW - w
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Bit Name R/W Reset Value Function
31:8 Reserved - - -
Invert output data
This bit determines whether the bit order of the output
7 REV_OUT RW 0 data is inverted
0: The bit order of the output data is not inverted
1: Bit order inversion of output data

Reverse input data

These 2 bits determine whether the order of the input
data is reversed

6:5 REV_IN [1: 0] RW 2’b0 00: The order is not reversed

01: The input data is reversed every byte

10: The input data is reversed every half-word

11: The input data is reversed every word

CRC polynomial bit width
These 2 bits determine the bit width of the CRC poly-

nomial
4:3 S]OLYS'ZE [ RW 2'b0 00: 32-bit CRC polynomial
01: 16-bit CRC polynomial
10: 8-hit CRC polynomial
11: 7-bit CRC polynomial
2:1 Reserved - - -

When the software is set, the CRC module will be re-

set, and the data register will be loaded with the value
0 RESET w 0 of the CRC_INIT register. The software can only write
1, which is cleared by the hardware.

8.4.4 CRC Initial Register (CRC_INIT)
Address offset: 0x10

Reset value: OXFFFF FFFF
31 | 30 [ 29 | 28 [ 27 [ 26 | 25 [ 24 | 23 [ 22 [ 21 [ 20 [ 19 [ 18 | 17 | 16
CRC_INIT [31: 16]

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

CRC_INIT [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
. CRC_INIT [31: , Programmable CRC initial value
31:0 0] RW 32'hFFFFFFFF This register is used to store the initial CRC value

8.4.5 CRC Polynomial (CRC_POL)
Address offset: 0x14
Reset value: 0x04C1 1DB7

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

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

Programmable CRC polynomial

This register is used to store the coefficients of the
31:0 POL [31: 0] RW 32’h04C11DB7 | CRC polynomial

If the CRC polynomial is less than 32 bits, it will be
stored right-aligned in this register
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9.2

9.3

General 10 (GPIO)

Introduction
Each general purpose IO port includes four 32-bit configuration registers (GPIOx_MODER,

GPIOx_OTYPER, GPIOx_OSPEEDR, and GPIOx_PUPDR), two 32-bit data registers (GPIOx_IDR
and GPIOx_ODR), one 32-bit bit bit/reset register (GPIOx_BSRR),one 32-bit reset register
(GPIOx_BRR), one 32-bit lock register(GPIOx_LCKR), and two 32-bit multiplex function select regis-
ters (GPIOXx_AFRH and GPIOx_AFRL).

Main Features

m  Up to 86 controlled 10s

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

Output from output data register (GPIOx_ODR) or peripheral (multiplex function output) to pin
Different speeds can be selected for each |10

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

Input pins into data registers (GPIOx_IDR) or peripherals (multiplexing function input)

Set/reset register (GPIOx_BSRR) with bitwise write privileges to GPIOx_ODR

Reset register (GPIOx_BRR) with bitwise write privileges to GPIOx_ODR

Lock register (GPIOx_LCKR) to freeze 10O configuration

Multiplexing function input/output select register (one 10 can have up to 16 multiplexing functions)

Fast flip, with as fast as two clock cycles per flip

Pin multiplexing is very flexible, allowing IO pins to be used as GPIO or one of a variety of periph-
eral functions

Function description

Depending on the characteristics of each 10 port listed in the datasheet, each port bit of a General
Purpose 10 (GPIO) port can be configured by software to multiple modes:

Input floating

Input pull-up

Input-pull-down

Analog function

Open drain output with pull-up or pull-down function

Push-pull output with pull-up or pull-down function

Multiplexing function push-pull with pull-up or pull-down function

Multiplexing function open drain with pull-up or pull-down function

Each IO port bit is freely programmable, but the IO port registers must be accessed by word, half-word,
or byte. The GPIOx_BSRR and GPIOx_BRR registers allow independent access to reads/changes to
any GPIO register. In this way, there is no risk of an IRQ occurring between the read and the modify
access.

The following diagram shows the basic structure of 5 VV compatible and basic 1O port bits. Table 9-1

shows possible port bit configuration schemes.
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Figure 9-1 10 port basic structure
Table 9-1 Port bit configuration table
MODE (i) [1: 0] OTYPE OSPEED (i) [1: 0] PUPD (i) [1: O] IO configuration
0 0 0 GP output PP
0 0 1 GP output PP+PU
0 1 0 GP output PP+PD
0 . 1 1 Reserved
01 1 SPEED [1: 0] 0 0 GP output oD
1 0 1 GP output OD+PU
1 1 0 GP output OD+PD
1 1 1 Reserved (GP output OD)
0 0 0 AF PP
0 0 1 AF PP+PU
0 1 0 AF PP+PD
0 . 1 1 Reserved
10 1 SPEED [1: 0] 0 0 AF oD
1 0 1 AF OD+PU
1 1 0 AF OD+PD
1 1 1 Reserved
X X X 0 0 Input Floating
00 X X X 0 1 Input PU
X X X 1 0 Input PD
X X X 1 1 Reserved (input floating)
X X X 0 0 Input/Out Analog
11 X X X 0 1 Reserved
X X X 1 0 Input/Out Analog, PD
X X X 1 1 Reserved

GP = general-purpose, PP = push-pull, PU = pull-up, PD = pull-down, OD = open-drain, AF = alternate function.
9.3.1 General IO (GPIO)

During and immediately after the reset, the multiplexing function has not been activated, and most IO

ports are configured in analog mode. After reset, the debug pin is in the multiplexing function pull-

up/pull-down state and the BOOTO pin is in the input mode pull-down state:
®  PA15: JTDI in pull-up state

B PA14; JTCK/SWCLK in pull-down state

B PA13: JTMS/SWDAT in pull-up state
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B PB4: NJTRST in pull-up state
m PB8: BOOTO is in pull-down state
The input data register (GPIOx_IDR) captures data from the 10 pin every 1 AHB clock cycle.
All GPIO pins have internal weak pull-up and pull-down resistors that can be turned on/off based on
the value in the GPIOx_PUPDR register.

9.3.2 10 pin multiplexer and mapping
The 10 pin is connected to the onboard peripheral/module via a multiplexer that allows the multiplexing
function (AF) of only one peripheral to be connected to the 10 pin at a time. This ensures that there
are no collisions between peripherals sharing the same 10 pin.
Each IO pin has a multiplexer with 16 multiplexing function inputs (AF0 to AF15) that can be configured
through the GPIOx_AFRL (for pins 0 to 7) and GPIOx_AFRH (for pins 8 to 15) registers.
To configure 1O to the desired functionality, follow these steps:
Debug assignment
After the system is reset, the debugging-related pins are multiplexed as AF for use by the system
debugging interface.
GPIO
Configure the required 10 as output or input in the GPIOx_MODER register.
Peripheral multiplexing function
In the GPIOXx_AFRL or GPIOx_AFRH register, the multiplexing function of 10 is set
-Select output type, pull-up/pull-down, and output speed, respectively, via GPIOx_OTYPER,
GPIOx_PUPDR, and GPIOx _OSPEEDR registers
-Configure the required 10 as multiplexing function in the GPIOx_MODER register
Additional functions:
-For ADC, DAC, OPA and COMP, it is necessary to configure the corresponding IO into the analog
mode through the register GPIOx_MODER, andconfigure the corresponding functions in ADC, DAC,
OPA and COMP; Special attention should be paid to the output of additional functions (such as DAC
or OPA), the corresponding 10 needs to be configured as analog mode first, and thenthe control reg-
isters of peripheralsshould be enabled.
-For additional functions TAMP_RTC, WKUPx,PVD_IN, OSCandOSC32, corresponding func-
tionsneed to be configuredin modules such as RTC, PWR and RCC,which take precedence over-
GPIO settings.

9.3.3 10 port control register
Each GPIO has four 32-bit control registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR,
GPIOx_PUPDR) and can be configured with up to 16 I0s. The GPIOx_MODER register is used to
select 10 operating modes(input, output,multiplex, analog). GPIOx_OTYPER is used to select the out-
put type (push-pull or open drain). The GPIOx_OSPEEDR register is used toset the 10 speed. The
GPIOx_PUPDR register is used to select pull-up/pull-down.
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9.3.4 10 port data register
Each GPIO has two 16-bit data registers: input and output data registers (GPIOx IDR and
GPIOx_ODR). GPIOx_ODR stores the data to be output, it is read/write accessible. 10 input data is
stored in GPIOx_IDR, which is a read-only register.

9.3.5 10 data bit operation
The Set Reset Register (GPIOx_BSRR) is a 32-bit register that allows applications to set and reset
individual data bits in the output data register (GPIOx_ODR).
Each data bit in GPIOx_ODR corresponds to two control bits in GPIOx_BSRR: BS (i) and BR (i). When
1 is written, the BS (i) bit sets the corresponding ODR (i) bit. When 1 is written, the BR (i) bit clears the
corresponding bit of ODR ().
Writing any bit to 0 in GPIOx_BSRR does not have any effect on the corresponding bit in GPIOx_ODR.
If both set and clear operations are attempted on a bit in GPIOx_BSRR, the set operation takes prec-
edence.
Using the GPIOx_BSRR register to change the values of individual bits in GPIOx_ODR is a “one-shot”
effect that does not lock the GPIOx_ODR bits. The GPIOx_ODR bits can always be accessed directly.
The GPIOx_BSRR register provides a way of performing atomic bitwise handling.
There is no need for the software to disable interrupts when programming the GPIOx_ODR at bit level:
it is possible to modify one or more bits in a single atomic AHB write access.
The reset register (GPIOx_BRR) is a 32-bit register that allows an application to perform a reset oper-
ation on individual data bits in the output data register (GPIOx_ODR). The reset register functions
similarly to the set reset register, but can only reset one or more bits of the output data register.

9.3.6 GPIO locking mechanism
It is possible to freeze the GPIO control registers by applying a specific write sequence to the
GPIOx_LCKR register. The frozen registers include GPIOx_MODER, GPIOx OTYPER,
GPIOx_OSPEEDR, GPIOx_PUPDR, GPIOx_AFRL, and GPIOx_AFRH.
To perform a write operation to the GPIOx_LCKR register, a specific write/read sequence must be
used. Afterthe softwareoperatesthe LCKR [16] of this register with the correct locking sequence, the
value ofLCKR [15: 0] will be used to lock the configuration of 10 (the value of LCKR [15: 0] mustremain
the sameduring the write sequence). After one or more ports are locked, they cannot be unlocked
until a system reset occurs, or GPIO is reset. Each GPIOx_LCKR bit freezes the corresponding bit in
the control registers (GPIOx_MODER, GPIOx_OTYPER, GPIOx_OSPEEDR, GPIOx_PUPDR,
GPIOx_AFRL and GPIOx_AFRH.
The lock sequencecan only operate on the GPIOx_LCKR register via word access.
Refer to the GPIOx_LCKR register for specific operations.

9.3.7 10 multiplexing function input/output
There are two registers that can be used to select from the 16 multiplexing function inputs/outputs
available for each 10.
Different multiplexed signals have different input/output directions, which are determined by their re-

spective peripheral modules.
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9.3.8 External interrupt line/wake-up line
All ports have external interrupt capability. To use an external interrupt line, the port must be configured
in input mode, see the Interrupts and Events section.
9.3.9 Input configuration
When the 10 port is configured as input:
B The output buffer is disabled
B The Schmitt trigger input is activated
B The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR
register
Each AHB clock sample pin level and is stored in the input data register

Read the input data register to know the pin level
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Figure 9-2 Input floating/pull-up/pull-down configuration
9.3.10 Output configuration
When an 10 port is configured as an output:
®  Output buffer enable
-Open-drain mode: '0' on the output register turns on N-MOS, while '1' on the output register puts the
port in a high impedance state (PMOS is not conducting).
— Push-pull mode: '0' on the output register turns on N-MOS, while '1' on the output register turns on
P-MOS.
B Schmidt Trigger Input Enable
B The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR
register
Each AHB clock sample pin level and is stored in the input data register
Read the input data register to know the pin level

Read the output data register to know the value of the last GPIO write
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Figure 9-3 Output configuration
9.3.11 Alternate function configuration
When an 10 port is configured for multiplexing function:
m  Output buffer enable
B The output data and output enable of the output buffer are driven by the peripheral module
B Schmidt Trigger Input Enable
B The pull-up and pull-down resistors are activated depending on the value in the GPIOx_PUPDR
register
Each AHB clock sample pin level and is stored in the input data register

Read the output data register to know the value of the last GPIO write
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Figure 9-4 Alternate function configuration
9.3.12 Analog configuration
When the 10 port is configured in analog mode:
B The output buffer is not enabled;
B The Schmidt trigger input is not enabled, achieving zero power consumption on each analog 10
pin. The output of the Schmitt trigger is forced to a constant value (0);
Weak pull-up and pull-down resistors are disabled (software setting is required);

Read access to the input data register gets the value “0”.
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Figure 9-5 High impedance-analog configuration

9.3.13 Use HSE or LSE oscillator pins as GPIO
When the HSE or LSE function is not enabled (the default after reset), the corresponding pin can be
regarded as a normal GPIO.
When the HSE or LSE function is enabled (HSEON or LSEON is set in the RCC register), the functions
of the relevant pins are controlled by the oscillator and are not affected by the settings of these GPIO
registers.
When the crystal oscillator is configured in the user external clock mode, only OSC_IN or OSC32_IN
is used to receive the external clock input, while the OSC_OUT or OSC32_OUT pin can still be used
as the normal GPIO.

9.3.14 Use the GPIO pins in the RTC power domain
The PC13/PC14/PC15 GPIO function fails when the VDDD is powered down (when the device enters
standby mode). If the RTC configuration does not override its GPIO settings, these pins are in an
analog input/output state after standby wake-up.

9.3.15 Using PB8 as GPIO
PB8 can be used as a boot pin (BOOTO) or as a GPIO. Select based on the nSWBOOTO bit in the
user options byte:
B nSWBOOTO =1, BOOTO pin in reset.
B nSWBOOTO = 0, GPIO pin in reset.
Precautions:
PB8 is a GPIO pin regardless of nNSWBOOTO after reset.

9.3.16 Using PF5 as GPIO
PF5 can be used as a reset pin (NRST) or as a GPIO. According to the NRST_MODE bit in the user
options byte, it switches to the following mode:
B Reset input/output: NRST_MODE =2 'b11(default)or NRST_MODE =2'b00
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B Resetinput only: NRST_MODE =2 'b01
B GPIO PF5 mode: NRST_MODE =2'b10
9.4 TIMX registers
This section describes the register functionality of GPIO in detail
For a summary of register bits, register offset addresses, and reset values, see the GPIO register
mapping table;
GPIO registers can be accessed by byte (8-bit), half-word (16-bit), or word (32-bit).
GPIOA base address: 0x4800_0000
GPIOB base address: 0x4800_0400
GPIOC base address: 0x4800_0800
GPIOD base address: 0x4800_0C00
GPIOE base address: 0x4800_1000
GPIOF base address: 0x4800_1400
9.4.1 GPIO Port Mode Register (GPIOx_MODER) (x = A.. F)
Address offset: 0x00
Reset value: OXABFF_FFFF (port A)
Reset value: OxFFFF_FEBF (port B)
Reset Value: OXFFFF FFF (Other C.. F)

31 | 30 29 | 28 27 | 26 25 | 24 23 | 22 21 | 20 19 [ 18 17 [ 16
MODER15[1: | MODER14[1: | MODER13[1: | MODER12[1: | MODER11[1: | MODER10[1: | MODER9[1: | MODERS [1:
0] 0] 0] 0] 0] 0] 0] 0]

RW RW RW RW RW RW RW RW RW RW RW RW RW [ RW [ RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODER? [1: 0] | MODERS [1: 0] | MODERS [1: 0] | MODERA4 [1: 0] | MODERS3 [1: 0] | MODER2 [1: 0] MOD%]Rl [x: MODE]RO [x:
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
PA13 to PA1S5, The sc_thware uses these bits to configure the corre-
PB3 to PB4: sponding 10 mode
31:0 MODEy [1: 0] RW . ' 00: Input mode
2'b10 :
. 01: General purpose output mode
Others: 2'b11 | 10: Alternate function mode
11 analog mode (reset state)

9.4.2 GPIO port output type register (GPIOx_OTYPER) (x = A.. 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 S 2 1 0
OT15 | OT14 | OT13 | OT12 | OT11 | OT10 | OT9 oT8 oT7 OoT6 oT5 oT4 oT3 oT2 oT1 oT0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Name R/W Reset Value Function
31: 16 Reserved - - -
y=15.0
. Software Configuration 10 Output Type
15:0 OTy RW 0 0: push-pull output (reset state)
1: Output open-drain
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9.4.3 GPIO port output speed register (GPIOx_OSPEEDR) (x = A.. F)

Address offset: 0x08

Reset Value: 0x0C00 0000 (Port A)

Reset value: 0x0000 0000 (other)

31 [ 30 29 | 28 27 | 26 25 [ 24 23 | 22 21 [ 20 19 [ 18 17 [ 16
OSPEED15 OSPEED14 OSPEED13 OSPEED12 OSPEED11 OSPEED10 OSPEED9 OSPEEDS [1:
[1: 0] [1: 0] [1: 0] [1: 0] [1: 0] [1: 0] [1: 0] 0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OSPEED7 [1: | OSPEED6 [1: | OSPEED5[1: | OSPEED4[1. | OSPEED3[l: | OSPEED2[l. | OSPEED1[l: | OSPEEDO [i:
0] 0] 0] 0] 0] 0] 0] 0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
y=15..0
These bits are written by software to configure the 1/10
o output speed.
31:0 OSPEEDy [1: O] RW PA13'_2 b.ll 00: Very low
Others: 2 'b00 )
01: Low speed
10: high speed
11: Very high speed
9.4.4 GPIO port pull-up/pull-down register (GPIOx_PUPDR) (x = A.. F)
Address offset: 0x0C
Reset value: 0x6400 0000 (port A)
Reset value: 0x0002 0100 (port B)
Reset value: 0x0000 0000 (other)
31 [ 30 29 | 28 27 | 26 25 [ 24 23 | 22 21 [ 20 19 [ 18 17 [ 16
PUPD15[1:0] | PUPD14[1:0] | PUPD13[1:0] | PUPD12[1:0] | PUPD11[1:0] | PUPD10[1:0] | PUPD9 [1: 0] PUPDS [1: 0]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUPD7 [1: 0] PUPDS6 [1: 0] PUPDS [1: 0] PUPD4 [1: 0] PUPD3 [1: 0] PUPD2 [1: 0] PUPD1 [1: ] PUPDO [1: 0]
RW [ RW RW | RW RW [ RW RW [ RW RW [ RW RW [ RW RW [ RW RW | RW
Bit Name R/W Reset Value Function
y=15.0
Software configuration 10 port pull-up or
2 'b01: PA13, PA15, PB4 pull-down
31:0 PUPDy [1: 0] RW 2 'b10: PAl14, PB8 00: No pull-up, pull-down
2 'b00: others 01: pull-up
10: pull down
11: Reserved
9.4.5 GPIO portinput data register (GPIOx_IDR) (x = A.. F)
Address offset: 0x10
Reset value: 0x0000 XXXX
31 | 30 | 20 | 28 [ 27 [ 26 | 25 | 24 | 28 | 2 | 2 | 20 | 10 | 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 ID1 IDO
Bit Name R/W Reset Value Function
31:16 Reserved - - -
y=15..0
15:0 IDy R This is read-only, and the read value bit corresponds to
the status of the 10 port
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9.4.6 GPIO port output data register (GPIOx_ODR) (x =A.. F)
Address offset: 0x14

Reset value: 0x0000 0000
31 [ 30 [ 29 | 28 [ 27 | 26 [ 25 | 24 | 23 | 22 [ 212 [ 20 | 19 ]

Res
15 14 13 12 11 10 9 8 7 6

OD15 | OD14 | OD13 | OD12 | OD11 | OD10 | OD9 OD8 OoD7 OD6 OD5 OD4 OD3 0OD2 OD1 ODO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

18 [ 17 [ 16

Bit Name R/W Reset Value Function
31:16 Reserved - - -
y =15..0
15: 0 ODy RW 0 For the GPIOX_BSRR or GPIOx_BRR registers(x = A, B, C,
D, E, F), each ODR bit can be set/cleared independently.

9.4.7 GPIO port set/reset register (GPIOx_BSRR) (x = A.. F)
Address offset: 0x18

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 BR9 BR8 BR7 BR6

19 18 17 16
BR5 BR4 BR3 BR2 BR1 BRO

W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 | BS10 | BS9 | BS8 | BS7 | BS6 | BS5 | BS4 | BS3 | BS2 | BS1 | BSO
w
Bit Name R/W Reset Value Function
y=15..0
Read return value is 0
. 0: The corresponding ODRYy bit is not affected
3116 BRy w 0 1: Clear the corresponding ODRYy bit
Note: If the corresponding bits of BSy and BRy are
written at the same time, the BSy bit works
y=15..0
. Read return value is 0
15:0 BSy w 0 0: The corresponding ODRYy bit is not affected
1: Set the corresponding ODRYy bit

9.4.8 GPIO Port Configuration Lock Register (GPIOx_LCKR) (x =A.. F)
This register is used to lock the configuration of the port bits when the correct write sequence set LCKK is per-
formed. LCKR [15: 0] is used to lock the configuration of GPIO ports. The LCKR [15: 0] cannot be changed during
a specified write operation. After performing the locking sequence on the corresponding port, the configuration of
the port bits can no longer be changed until the next system reset. Note: A specific write sequence is used to write
to the GPIOx_LCKR register. Only word access is allowed in lock timing.

Each lock bit freezes a specific configuration register (control and alternate 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
Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. Res. LEK
- RW
15 14 13 12 11 10 9 8 7 6 5) 4 3 2 1 0
LCK1 LCK1 LCK1 LCK1 LCK1 LCK1 LCK LCK LCK LCK LCK LCK LCK LCK LCK LCKO
5 4 3 2 1 0 9 8 7 6 5 4 3 2 1
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

31:17 Reserved

16 LCKK

RW 0

This bit can be read any time. It can only be modified us-
ing the lock key write sequence.

0: Port configuration lock key not active

1: The port configuration lock key is activated, and the
GPIOx_LCKR register is locked before the next system
reset

Lock key value write sequence:

Write 1-> Write 0-> Write 1-> Read 0-> Read 1. The last
read can be omitted, but can be used to confirm that the
lock key has been activated.

Note: The value of LCK [15: 0] cannot be changed when
operating the write sequence of the lock key. Any error
in the lock sequence aborts the lock. After the first key-
lock timing of any bit of the port, the read LCKK bit re-
turns 1 until the system is reset or GPIO is reset.

15:0 LCKy

RW 0

y=15..0

Can only be written when the LCKK bit is 0.
0: Port configuration not locked

1: Port configuration locked

9.4.9 GPIO multiplexing function low register (GPIOx_AFRL) (x = A.. 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] AFSELS6 [3: 0] AFSELS5 [3: 0] AFSEL4 [3: 0]

RW [ RW | RW [ RW | RW [ RW | RW | RW | RW | RW [ RW | RW [ RW | RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL3 [3: 0] AFSEL2 [3: (] AFSEL1 [3: 0] AFSELO [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
y=7.0
Configure multiplexing function 10
AFSELy selection:
0000: AF01000 1 AF8
0001: AF11001 T AF9
31:0 AFSELy [3: 0] RW 4’h0 0010: AF2 1010 1 AF10
0011: AF3 1011 T AF11
0100: AF4 1100 : AF12
0101: AF5 1101 1 AF13
0110: AF6 1110 1 AF14
0111: AF7 1111 : AF15
9.4.10 GPIO multiplexing function high register (GPIOXx_AFRH) (x = A.. F)
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 11 10 9 8 7 6 5 4 3 2 1 0
AFSEL11 [3: 0] AFSEL10 [3: 0] AFSEL9 [3: 0] AFSELS [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
y=15.8
Configure multiplexing function 10
AFSELYy selection:
. . , 0000: AF01000 : AF8

310 AFSELY [3: 0] RW 4o 0001: AF11001 . AF9
0010: AF2 1010 : AF10
0011: AF3 1011 T AF11
0100: AF4 1100 1 AF12
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0101: AF5 1101 T AF13
0110: AF6 1110 . AF14
0111: AF7 1111 . AF15
9.4.11 GPIO port bit reset register (GPIOx_BRR) (x = A.. F)
Address offset: 0x28
Reset value: 0x0000 0000
38 | 30 | 20 | 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

Bit Name R/W Reset Value Function
31: 16 Reserved - - -
y=15..0
. Read return value is 0
15:0 BRy w 0 0: The corresponding ODy bit is affected
1: Clear the corresponding ODy bit

10. System configuration controller (SYSCFG)

10.1 Main features
The SYSCFG module provides the following functions:

I2C IO Noise Filter Control

12C Fm + Mode control

All' 1O Noise Filter Control

EXTI 10 Selection

Analog Channel 2 Control

Mapping the initial program area according to different boot modes
DMA Peripheral Channel Selection

Timer brake input and external trigger control
CCM erase control, CCM busy status flag
Parity control of SRAM1 and CCM

CCM page write protection

10.2 TIMx registers
10.2.1 SYSCFG configuration register 1 (SYSCFG_CFGR1)
Address offset: 0x00

Reset value: 0x0000 000x (x depends on the boot mode configuration in the BOOTO pin and options

byte)
31 [ 30 | 29 | 28 [ 27 | 26 | 25 | 24 | 23 | 22 [ 21 [ 20 ] 19 [ 18 [ 17 T 16
12C_EIIC [15: 0]
RW
15 [ 14 [ 13 [ 12 [ 11 10 9 8 7 6 5 4 3 2 1 [ o
Res. IZF%AAP— IZF%fP— 'f:CMZP— 'f:?wlp— CTC_SOF_SEL PTP_PPS_REMAP T'MZ'TRla?EMAP [ ETH_PHYSEL MEM N(')(])DE [
RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
Analog filtering of 12C-dependent 10s is enabled, each bit
controls one 10
31:16 [2C_EIIC[15: 0 RW 16’h0 . .
- [ ] 0: Analog filter disabled

1: Analog filter enabled
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12C_EIIC [0]: controls the I2Canalog filter enable of
GPIOAS8

12C_EIIC [1]: controls the I12Canalog filtering enable of
GPIOA9

12C_EIIC [2]: controls the 12C analog filtering enable of
GPIOA13

12C_EIIC [3]: controls the 12C analog filtering enable of
GPIOA14

12C_EIIC [4]: controls the 12C analog filtering enable of
GPIOA15

12C_EIIC [5]: 12Canalog filtering enable for controlling
GPIOB5

12C_EIIC [6]: controls the 12C analog filtering enable of
GPIOB7

12C_EIIC [7]: controls the I12Canalog filtering enable of
GPIOB8

12C_EIIC [8]: controls the 12C analog filtering enable of
GPIOB9

12C_EIIC [9]: 12Canalog filtering enable for controlling
GPIOC3

12C_EIIC [10]: I12C analodfiltering enable for controlling
GPIOC6

I2C_EIIC [11]: 12Canalog filtering enable for controlling
GPIOC7

I12C_EIIC [12]: controls the I2Canalog filtering enable of
GPIOC8

I2C_EIIC [13]: 12Canalog filtering enable for controlling
GPIOC9

I12C_EIIC [14]: controls the I2Canalog filtering enable of
GPIOC11

I2C_EIIC [15]: 12Canalog filtering enable for controlling
GPIOFO

15:11

Reserved

10

12C4_FMP

RW

12C4 Fast-mode plus driving capability activation

0: Fm + drive mode of the pin selected by the AF channel
of 12C4 is not enabled

1: 12C4 is enabled by the Fm + drive mode of the selected
pin of the AF channel

Configuring this bit to 1 automatically causes the driving ca-
pabilities of the following IOs to be configured to a maxi-
mum value:

PA13, PB7, PC6, PC7

12C3_FMP

RW

12C3 Fast-mode plus driving capability activation

0: Fm + drive mode of the pin selected by the AF channel
of I2C3 is not enabled

1: 12C3 is enabled by the Fm + drive mode of the selected
pin of the AF channel

Configuring this bit to 1 automatically causes the driving ca-
pabilities of the following IOs to be configured to a maxi-
mum value:

PA8, PB5, PC8, PC9, PC11

12C2_FMP

RW

12C2 Fast-mode plus driving capability activation

0: 12C2 Fm + drive mode of pin selected by AF channel is
not enabled

1: 12C2 is enabled by the Fm + drive mode of the selected
pin of the AF channel

Configuring this bit to 1 automatically causes the driving ca-
pabilities of the following IOs to be configured to a maxi-
mum value:

PA8, PA9, PC3, PFO

12C1_FMP

RW

12C1 Fast-mode plus driving capability activation

0: 12C1 Fm + drive mode of pin selected by AF channel is
not enabled

1: 12C1 is enabled by the Fm + drive mode of the selected
pin of the AF channel

Configuring this bit to 1 automatically causes the driving ca-
pabilities of the following IOs to be configured to a maxi-
mum value:

PA13, PA14, PA15, PB7, PB8, PB9
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CTC_SOF_SEL

RW

Select usb sof to output to ctc
0: usb sof from USB1
1: usb sof from USB2

PTP_PPS_REMAP

RW

Ethernet PTP PPS mapping

It controls whether the Ethernet MAC PPS_PTS outputs to
the PB5 pin

0: PTP_PPS does not output to PB5 pin

1: PTP_PPS output to PB5 pin

4.3

TIM2ITR1_REMAP
[1: O]

RW

2’h0

TIM2 Internal Triggerl Remap

It controls the internal remapping of TIM2 ITR1.
00: low level

01: usbl_sof

10: usb2_sof

11: eth_ptp_intr

ETH_PHYSEL

RW

Ethernet PHY Interface Select Bit
0: PHY receives MII clock, PHY MIl interface works
1: PHY receives RMII clock, PHY RMII interface works

1:0

MEM_MODE
[1: 0]

RW

Start mode select bit

Mapping of 0x0000 0000 addresses of controls memory.
00: Main flash, mapped to 0x0000 0000

01: System flash, mapped to 0x0000 0000

10: ESMC, mapped to 0x0000 0000

11: SRAM, mapped to 0x0000 0000

10.2.2 SYSCFG configuration register 2 (SYSCFG_CFGR?2)
Address offset: 0x04
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 ] 65T 4 3 2 1 0

Res.

SPF Res. ECCL PVDL SPL CLL

RC_W1 - RS RS RS RS

Bit

Name

R/W

Reset Value

Function

31:9

Reserved

SPF

RC_W1

Parity error flag bits for SRAM1 and CCM SRAM

This bit is set to 1 by the hardware when there is a parity
error for SRAM1 or CCM SRAM. The software writes 1 to
this bit to clear it

0: No parity error detected

1: Parity error detected

7.4

Reserved

ECCL

RS

ECC lock enable bit

This bit is set to 1 by software and can only be cleared by
system reset. This bit can be used to enable and lock the
FLASH ECC error connected to the break input of
TIM1/8/15/16/17

Software writing O to this bit does not change the value of
this bit

0: ECC error not connected to brake input for
TIM1/8/15/16/17

1: ECC error connected to brake input for TIM1/8/15/16/17

PVDL

RS

PVD lock enable bit

Software set, system reset and clear. It can be used to en-
able and lock the PVD connected to the brake input of
TIM1/8/15/16/17, and also to lock the PVDE of the
PWR_CR register.

Software writing 0 to this bit does not change the value of
this bit

0: The PVD interrupt is not connected to the brake input of
TIM1/8/15/16/17. The PVDE bit can be written by software.
1: PVD interrupts the brake input connection to
TIM1/8/15/16/17. The PVDE bit is read only.

SPL

RS

SRAM1 and CCM SRAM parity lock enable bits
This bit is set to 1 by software and can only be cleared by
system reset. This bit can be used to enable and lock the
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parity error signal of SRAM1 or CCM SRAM connected to
the break input of TIM1/8/15/16/17

Software writing 0 to this bit does not change the value of
this bit

0: Parity error signal of CCM SRAM is not connected to
brake input of TIM1/8/15/16/17

1: Parity error signal of CCM SRAM is connected to brake
input of TIM1/8/15/16/17

CLL

RS

Cortex-M4F LOCKUP Enable bit

Software set, system reset and clear. It can enable and
lock the LOCKUP (hardfault) output of the Cortex-M4F to
the brake input of TIM1/8/15/16/17.

Software writing O to this bit does not change the value of
this bit

0: The LOCKUP output of the Cortex-M4F is not connected
to the brake input of TIM1/8/15/16/17,

1: The LOCKUP output of the Cortex-M4F is connected to
the brake input of TIM1/8/15/16/17;

10.2.3 SYSCFG configuration register 3 (SYSCFG_CFGR?3)

Address offset: 0x8
Reset value: Ox7F7F 7F7F

31 30 [ 29 [ 28 | 27 [ 26 | 25 | 24 23 22 | 212 | 20 | 19 | 18 | 17 | 16
Res. DMA 1_MAP4 [6: 0] Res. DMA 1_MAP3 [6: 0]
- RW - RW
15 | 14 | 13 [ 12 [ 11 | 10 | o [ 8 7 6 | 5 | 4 [ 3] 21110
Res. DMA 1_MAP2 [6: 0] Res. DMA1 MAP1 [6: 0]
- RW RW
Bit Name R/W Reset Value Function
31 Reserved - - -
DMAL channel request mapping. See DMA section for de-
30:24 | DMA 1_MAP4[6:0] | RW Th7F tails g PPINg
23 Reserved - - -
DMAL channel request mapping. See DMA section for de-
22:16 | DMA1_MAP3[6:0] | RW Th7F tails g PPINg
15 Reserved - - -
DMAL channel request mapping. See DMA section for de-
14:8 | DMA 1_MAP2 [6: 0] | RW Th7F tails q pping
7 Reserved - - -
DMAL1 channel request mapping. See DMA section for de-
6:0 | DMAL_MAP1[6:0] [ RW | 7h7F il a PPIng

10.2.4 SYSCFG configuration register 4 (SYSCFG_CFGRA4)

Address offset: 0XC
Reset value: OxX7F7F 7F7F

31 30 [ 29 | 28 [ 27 | 26 | 25 | 24 23 22 [ 22 T 20 [ 19 [ 18 [ 17 [ 16
Res. DMA2_MAP2 [6: 0] Res. DMA2_MAP1 [6: 0]
- RW RW
15 | 14 [ 13 ] 12 [ 11 [ 0] o [ 8 | 7 6 | 5 | a [ 3] 2T]17]o0o
Res. DMA 1_MAPS6 [6: 0] Res. DMA 1_MAPS [6: 0]
- RW RW
Bit Name R/W Reset Value Function
31 Reserved - - -
DMAZ2 channel request mapping. See DMA section for de-
30:24 | DMA2_MAP2[6:0] | RW | T'h7F il a PPIng
23 Reserved - - -
DMAZ2 channel request mapping. See DMA section for de-
22:16 | DMA2_MAP1[6:0] | RW | T'h7F il a PPIng
15 Reserved - - -
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DMA1 channel request mapping. See DMA section for de-
14:8 | DMA 1_MAP6 [6: 0] | RW 7’h7F ails qu pping i
7 Reserved - ; B
DMA1 channel request mapping. See DMA section for de-
6:0 DMA 1_MAP5 [6: 0] | RW 7’h7F tails au pping |

10.2.5 SYSCFG configuration register 5 (SYSCFG_CFGR5)
Address offset: 0x10
Reset value: Ox7F7F 7F7F

31 30 [ 29 | 28 [ 27 | 26 [ 25 | 24 23 22 | 21 [ 20 [ 19 [ 18 [ 17 [ 16
Res. DMA2_MAP6 [6: 0] Res DMA2_MAP5 [6: 0]
RW RW
15 14 | 13 [ 12 | 11 [ 0] o [ 8 7 6 | s | a4 ] 3] 21110
Res. DMA2_MAP4 [6: 0] Res DMA2_MAP3 [6: 0]
RW RW
Bit Name R/W Reset Value Function
31 Reserved - - -
DMAZ2 channel request mapping. See DMA section for de-
30:24 | DMA2_MAP6[6:0] | RW | 7'h7F il a PPIng
23 Reserved - - -
DMAZ2 channel request mapping. See DMA section for de-
22:16 | DMA2_MAP5[6:0] | RW | 7'h7F il a PPIng
15 Reserved - - -
DMAZ2 channel request mapping. See DMA section for de-
14:8 | DMA2_MAP4[6:0] | RW | 7'h7F il a PPIng
7 Reserved - - -
DMAZ2 channel request mapping. See DMA section for de-
6:0 | DMA2_MAP3[6:0] [ RW | 7h7F il “ PRIng

10.2.6 External interrupt configuration register 1 (SYS_EXTICR1)

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 ] o
EXTI3 [3: 0] EXTI2 [3: 0] EXTI1 [3: 0] EXTIO [3: 0]
RWIRWIRW‘RW RW‘RW‘RW‘RW RW‘RW‘RW‘RW RW‘RW‘RWIRW

Bit Name R/W Reset Value Function

31: 16 Reserved - - -
EXTIx configuration (x =0 ~ 3)
Used to select the input source of the EXTIx external in-
terrupt. See EXTI External Interrupt Event Mapping for
details.

. . , 0000: PA [x] pin

15:0 EXTIx [3: 0] RW 4’h0 0001: PB [] pin
0010: PC [x] pin
0011: PD [x] pin
0100: PE [x] pin
0101: PF [X] pin

10.2.7 External interrupt configuration register 2 (SYS_EXTICR2)
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 1T o
EXTI7 [3: 0] EXTI6 [3: 0] EXTIS [3: 0] EXTI4 [3: 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 Reserved - - -
EXTIx configuration (x =4 ... 7)
Used to select the input source of the EXTIx external in-
terrupt. See EXTI External Interrupt Event Mapping for
details.

. . , 0000: PA [X] pin

15:0 EXTIx [3: 0] RW 4’h0 0001: PB [X] pin
0010: PC [X] pin
0011: PD [X] pin
0100: PE [X] pin
0101: PF [X] pin (only when x = 4, 5)

10.2.8 External interrupt configuration register 3 (SYS_EXTICR3)

Address offset: 0x1C

Reset value: 0x0000 0000

30 [ 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 ] o
EXTI11[3: 0] EXTI10 [3: 0] EXTI9 [3: 0] EXTI8 [3: 0]
RW [ RW [ RW | RW RW | RW [ RW | RW RW [ RW [ RW | RW RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
EXTIx configuration (x =8 ... 11)
Used to select the input source of the EXTIx external in-
terrupt. See EXTI External Interrupt Event Mapping for
details.
15:0 EXTIx [3: 0] RW 4’h0 0000: PA [x] pin
0001: PB [x] pin
0010: PC [x] pin
0011: PD [x] pin
0100: PE [X] pin

10.2.9 External interrupt configuration register 4 (SYS_EXTICR4)

Address offset: 0x20

Reset value: 0x0000 0000

30 [ 30 [ 29 | 28 | 27 | 26 | 25 | 24 [ 23 | 22 | 21 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 | 14 | 13 | 12 117 [ 10 | 9 [ 8 7 | 6 | 5 | 4 3 [ 2 ] 1 ] o
EXTI15 [3: 0] EXTI14 [3: 0] EXTI13[3: 0] EXTI12 [3: 0]
RW | RW [ RW | RW RW | RW [ RW | RW RW [ RW [ RW | RW RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
EXTIx configuration (x =12 ... 15)
Used to select the input source of the EXTIx external in-
terrupt. See EXTI External Interrupt Event Mapping for
details.
15:0 EXTIx [3: 0] RW 4’h0 0000: PA [x] pin
0001: PB [X] pin
0010: PC [x] pin
0011: PD [x] pin
0100: PE [X] pin

10.2.10GPIOA Filter Enable Register (PA_ENS)

Address offset: 0x24

Reset value: 0x0000 0000

31 |

30 [ 29 [ 28

27 | 26

[ 25 [ 24 ]

15 ]

14 [ 13 [ 12

11 [ 10

[ 9 [ 8 |
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PA_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 Reserved - - -
Noise filtering enabled for GPIOA 0 ~ 15
15: 0 PA_ENS[15: 0] RW 16’h0 0: Turn off noise filtering function
1: Turn on noise filtering function

10.2.11GPIOB Filter Enable Register (PB_ENS)
Address offset: 0x28
Reset value: 0x0000 0000

31 | 30 [ 29 | 28 | 27 | 26 | 25 [ 24 | 23 | 22 | 21 | 20 18 | 17 [ 16
Res.
15 | 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 [ 7 | 6 [ 5 [ 4 2 [ 1 ] o
PB_ENSI[15: 0]
RW T RW [ RW | RW [ RW [ RW [ RW | RW [ RW [ RW [ RW | RW RW | RW [ RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
Noise filtering enabled for GPIOB 0 ~ 15
15: 0 PB_ENS[15: 0] RW 16’h0 0: Turn off noise filtering function
1: Turn on noise filtering function
10.2.12 GPIOC Filter Enable Register (PC_ENS)
Address offset: 0x2C
Reset value: 0x0000 0000
310 | 30 [ 29 | 28 [ 27 | 26 [ 25 | 24 | 23 [ 22 [ 21 | 20 [ 19 [ 18 [ 17 | 16
Res.
15 [ 14 [ 13 [ 12 [ 112 [ 10 [ o [ 8 [ 7 [ ® [ 5 [ 4 [ 3 [ 2 J 1 ] o
PC_ENS[15: 0]
RW T RW [ RW | RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
Noise filtering enabled for GPIOC 0 ~ 15
15:0 PC_ENSJ[15: 0] RW 16’h0 0: Turn off noise filtering function
1: Turn on noise filtering function
10.2.13 GPIOD Filter Enable Register (PD_ENS)
Address offset: 0x30
Reset value: 0x0000 0000
31 | 30 [ 29 [ 28 [ 27 | 26 [ 25 | 24 [ 23 [ 22 [ 21 | 20 18 [ 17 | 16
Res.
15 [ 14 [ 13 [ 12 [ 112 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 | 4 2 [ 1 ] o

PD_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 Reserved - - -
Noise filtering enabled for GPIOD 0 ~ 15
15: 0 PD_ENS [15: 0] RW 16’h0 0: Turn off noise filtering function
1: Turn on noise filtering function

10.2.14 GPIOE Filter Enable Register (PE_ENS)
Address offset: 0x34
Reset value: 0x0000 0000
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31 | 30 [ 29 | 28 [ 27 | 26 [ 25 | 24 [ 23 | 22 [ 21 | 20 [ 19 [ 18 [ 17 | 16
Res.
15 [ 14 [ 13 [ 12 | 112 [ 120 | 9 [ 8 | 7 | 6 | 5 | 4 | 3 [ 2 | 1 ] o
PE_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 Reserved - - -
Noise filtering enabled for GPIOE 0 ~ 15
15: 0 PE_ENS [15: 0] RW 16’h0 0: Turn off noise filtering function
1: Turn on noise filtering function
10.2.15 GPIOF Filter Enable Register (PF_ENS)
Address offset: 0x38
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 ] 12 [ 10 [ 9 | 8 [ 7 [ s 5 | 4 1] 3] 2 1T 1T o
Res. PF_ENS[5: 0]
- rRw [ rRw | RwW | RW | RW | RW
Bit Name R/W Reset Value Function
31:6 Reserved - - -
Noise filtering enabled for GPIOF 0 ~ 5
5:0 PF_ENS[5: 0] RW 6’'h0 0: Turn off noise filtering function
1: Turn on noise filtering function

10.2.16 GPIOA analog channel 2 enable register (PA_ANA2ENR)

Address offset: 0x40
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. PAL0 Res. PA7_ | pes | PAS_ | PAA_ | PA3_ | PA2_ | PAl_ PAO
ENA2 ENA2 ENA2 | ENA2 | ENA2 | ENA2 | ENA2 | o\,
- RW - RW - RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31:11 Reserved - - -
PA10 analog channel 2 ena-
bled:USB1_OTG_FS_ID
10 PA10_ENA2 RW 0 0: Disabled - =
1: Enable
9:8 Reserved - - -
PA7 Analog Channel 2 Enable: COMP2_INP
7 PA7_ENA2 RW 0 0: Disabled
1: Enabled
6 Reserved - - -
PA5 analog channel 2 enabled:
COMP2_INM,
5 PAS_ENAZ RW 0 0: Disabled
1: Enabled
PA4 analog channel 2 enabled: COMP1_INM
4 PA4_ENA2 RW 0 0: Disabled
1: Enabled
PA3 analog channel 2 enabled: COMP2_INP
3 PA3_ENA2 RW 0 0: Disabled
1: Enabled
PA2 Analog Channel 2 Enable: COMP2_INM
2 PA2_ENA2 RW 0 0: Disabled
1: Enabled
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PA1_ENA2

RW

PAL1 analog channel 2 enabled: COMP1_INP

0: Disabled
1: Enabled

PAO_ENA2

RW

PAO analog channel 2 enabled:
COMP1_INM, COMP3_INP

0: Disabled
1: Enabled

10.2.17 GPIOB analog channel 2 enable register (PB_ANA2ENR)

Address offset: 0x44
Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 [ 27 | 26 [25] 24 | 23 | 22 ] [ 20 JT19 ] 18 | 17 | 16
Res.
15 [ 14 [ 13 [ 12 [ 11 [ 10 J o] 8 [ 7 [ 6 ] [ 4 |3 2 1 0
Res PB2 _ PB1 _ PBO _
: ENA2 ENA2 ENA2
- RW RW RW
Bit Name R/W Reset Value Function
31: 3 Reserved - - -
PB2 Analog Channel 2 Enable:
COMP4_INM
2 PB2_ENA2 RwW 0 0: Disabled
1: Enabled
PB1 analog channel 2 enabled:
COMP1_INP
1 PB1_ENA2 RW 0 0: Disabled
1: Enabled
PBO analog channel 2 enabled:
COMP4_INP
0 PBO_ENA2 RwW 0 0: Disabled
1: Enabled
10.2.18 GPIOC analog channel 2 enable register (PC_ANA2ENR)
Address offset: 0x48
Reset value: 0x0000 C000
31 [ 30 [ 29 [ 28 [ 27 [ 26 | 25 [ 24 [ 23 [ 22 [ 22 [ 20 [ 19 [ 18 [ 17 | 16
Res.
15 14 13 [ 12 J 12 J 10 ] 9 [ 8 [ 7 ] 6 [ 5 ] 4 3 2 1 0
PC15 | PC14 fec pcs_ | Pc2_ | PC1_ PCO
ENA2 | ENA2 ENA2 | ENA2 | ENA2 | o,
RW RW - RW RW RW RW
Bit Name R/W Reset Value Function
31: 16 Reserved - - -
PC15 Analog Channel 2 Enable: LSE (OSC32)
15 PC15 ENA2 RW 1 0: Disabled
1: Enabled
PC14 Analog Channel 2 Enable: LSE (OSC32)
14 PC14_ENA2 RW 1 0: Disabled
1: Enabled
13: 4 Reserved - - -
GPIOC3 Analog Channel 2 Enable:
ADC1_CH9/ADC2_CH9
3 PC3_ENA2 RW 0 0: Disabled
1: Enabled
PC2 Analog Channel 2 Enable:
) PC2 ENA2 RW 0 A.DC;1_CH8/ADCZ_CH8/USBZ_OTG_FS_ID
0: Disabled
1: Enabled
PC1 analog channel 2 enabled: COMP3_INP
1 PC1 ENA2 RW 0 0: Disabled
1: Enabled
0 PCO_ENA2 RW 0 PCO analog channel 2 enabled: COMP3_INM
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0: Disabled
1. Enabled

10.2.19 GPIOD analog channel 2 enable register (PD_ANA2ENR)
Address offset: 0x4C
Reset value: 0x0000 0000

31 | 30 | | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 |17|16
Res.
15 [ 14 12 11 10 9 [ 8 [ 7 [ 6 [ 5 [ 4] 3827 1o
Res PD13 PD12 PD11 PD10 Res
) _ENA2 | ENA2 | ENA2 | ENA2 )
- RW RW RW i
Bit Name R/W Reset Value Function
31: 14 Reserved - - -

PD13 Analog Channel 2 Enabled:
ADC3_CH10

13 PD13_ENA2 RW 0 0 Disabled
1: Enabled
PD12 Analog Channel 2 Enable:
ADC3_CH9

12 PD12_ENA2 RW 0 0 Disabled
1: Enabled
PD11 Analog Channel 2 Enable:
ADC3_CHS8

11 PD11_ENA2 RW 0 0: Disabled
1: Enabled
PD10 Analog Channel 2 Enable:
ADC3_CH7

10 PD10_ENA2 RW 0 0 Disabled
1: Enabled

9:0 Reserved - - -

10.2.20 GPIOE analog channel 2 enable register (PE_ANA2ENR)
Address offset: 0x50
Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 | 27 | 26 [ 25 | 24 ] 23 [ 22 ] 212 [ 20 [ 19 [ 18 [17 [ 16
Res.
15‘14]13 12 11 10 9‘8 7 6‘5‘4‘3|2|1‘0
Res PE12 PE11 PE10 Res PE7 Res
’ _ENA2 | ENA2 | ENA2 ’ _ENA2 )
- RW RW RW - RW -
Bit Name R/W Reset Value Function
31:13 Reserved - - -
PE12 Analog Channel 2 Enable:
ADC3_CH15
12 PE12_ENA2 RW 0 0 Disabled
1. Enabled
PE11 Analog Channel 2 Enabled:
ADC3_CH14
11 PE11 ENA2 RW 0 0: Disabled
1: Enabled
PE10 Analog Channel 2 Enable:
ADC3_CH13
10 PE10_ENA2 RW 0 0: Disabled
1: Enabled
9:8 Reserved - - -
PE7 Analog Channel 2 Enable:
COMP4_INP
7 PE7_ENA2 RW 0 0- Disabled
1: Enabled
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| 6:0 | [ -

Reserved

10.2.21 PVD_IN analog channel 2 enable register (PVDIN_ANAZ2ENR)

Address offset: 0x54
Reset value: 0x0000 0000

31 [ 30 [ 29 | 28 [ 27 [ 26 [ 25 [ 24 [ 23 | 22 [ 212 [ 20 | 19 [ 18 [ 17 | 16
Res.
15 | 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 | 4 [ 3 ] 2 ] 1 0
Res. PVDIN_ENA2
RW
Bit Name R/W | Reset Value Function
31:1 Reserved - - -
0 PVDIN_ENA2 RW 0 I(E;;%Ie analog channel 2 of the PVD_IN pin

10.2.22 SYSCFG CCM SRAM Control and Status Register (SYSCFG_SCSR)

Address offset: 0x70
Reset value: 0x0000_0000

31 [ 30 [ 29 [ 28 [ 27 | 26 [ 25 [ 24 [ 23 [ 22 [ 22 | 20 [ 19 [ 18 [ 17 ] 16
Res.
15 [ 14 [ 13 J 12 [ 11 J 10 [ 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3 [ 2 1 0
Res. CCMBSY CCMER
- R W
Bit Name R/W Reset Value Function
31: 2 Reserved - .
CCM SRAM Erase Flag Bit
1 CCMBSY R 0 0: No CCM SRAM erase operation in progress
1. CCM SRAM erase operation in progress
CCM SRAM Erasure
Setting this bit to 1 will initiate a hardware erase opera-
0 CCMER w 0 tion of CCM SRAM, and the bit will be cleared by hard-
ware

10.2.23 SYSCFG CCM SRAM write protection register (SYSCFG_SWPR)
Address offset: 0x74
Reset value: 0x0000_0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
P31 P30 P29 P28 P27 P26 P25 P24 P23 P22 P21 P20 P19 P18 P17 P16
WP WP WP WP WP WP WP WP WP WP WP WP WP WP WP WP
RS RS RS RS RS RS RS RS RS RS RS RS RS RS RS RS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P15 P14 | P13 P12 P11 P10 | POW | P8W | P7TW | P6W | P5W | P4w | P3W | P2w | PIW | POW
WP WP WP WP WP WP P P P P P P P P P P
RS RS RS RS RS RS RS RS RS RS RS RS RS RS RS RS

Bit Name R/W Reset Value Function
CCM SRAM page x write protection
These bits are set to 1 by software and can
. _ only be cleared by system reset.
31:0 PXWP (x = 0-31) RS 0 0: CCM SRAM page x write protection off
1: CCM SRAM page x write protection ena-
bled
10.2.24 SYSCFG CCM SRAM Key Register (SYSCFG_SKR)
Address offset: 0x78
Reset value: 0x0000_0000
31 | 30 | 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 | 22 | 212 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 | 14 [ 13 [ 12 [ 112 [ 10 | 9 [ 8 7 [ 6 ] 5 ] 4 ] 3 [ 2 [ 1 T o
Res. KEY [7: 0]
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Bit Name R/W Reset Value Function

31:8 Reserved - - -

Software erases write protection key values of CCM
SRAM

The CCMER bit of the SYSCFG_SCSR register
cannot be write-protected only by following the fol-
KEY [7: 0] KEY [7: 0] W 8’h0 lowing steps:

1. Write "OXCA" to the KEY of this register [7: 0]
2. Write "0x53" to KEY of this register [7: 0]

If write sequence is wrong, write protection will be
reactivated

161/1101



PY32E407 Reference Manual

11. Peripheral interconnection matrix
11.1 Introduction

Some peripherals have connectivity relationships with each other.
This allows autonomous communication between peripherals, thereby saving CPU resources while
also saving power consumption. In addition, these hardware connections eliminate software latency.

Depending on the peripheral, these interconnections can operate in run, sleep, and stop modes.

Destination
So
urc ol a4l | o | w]| 9o ~| ©| | = o BN S
-S| N | ™| | =
4|l N o | | o ~|] ©| O A A A S| 4| A S| A | S| 4| = =
e | =| S| S| 2|2|S|=5|2|2|=|5|=s|=|S|s|=|=|s|=|&18]/8/8|¢%/%|3|3/33|¢E
F|lF|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|F|]F|] 3|l <<|<|<|a|ada|Oo| 0| O| 0| &
TIM1 1|11 [z F U R R T T T N R R I T Tz 222z z ]z ]2
3 |3 |3 |a|a]ofofo]o
M2 | 1 1 i /1|1 (1|22 )1 (1 (2211|212 111 (111|212 (11|11
3|3 |3 |4a]a]ofofo]o
TIM3 | 1 | 1 1|1 F R R R T I T R R IR I T T[L 222z 1]z ]z
3|3 |3 |a]a]ofofo]o
TMa |1 |1 |21 | |2 F N R R T W R T I T Tz 222z z [z ]2
3 |3 |3 |a|a]ofofo]o
TMS |1 |1 |1 |2 F R R R T I T R R IR I Y 11
4 | 4
TIMG 11212
3 |3 [3[4]14
TIM7 T 1 1212
3 |3 [3[4]24
TME | 1 |1 |1 |1 |¢L FO I I T U A N IR R I O I U R A I R T
3|3 |3 |a]a]ofofo]o
TMS |1 |1 |1 |2 |12 1 O I IR T T O O R IR I 11 |12
3|3 |3
TMIO |1 |1 |21 |21 |2 11 Tz |2 |22z [z ]z 1 11 |1
3 |3 |3
TMIT |1 |1 |21 |2 |2 112 Tt [z [z 2|22z 11
3 |3
TMIZ |1 |1 |1 |21 |¢L 1|11 |1 1|1 [z 2121z
TMIZ |1 |1 |1 |2 |12 11 [z 112 Tz 2212 1
3
TMI4 |1 |1 |21 |2 |12 1|2 [z |z ]z ]2 FO I R I 1
3
TMIS |1 |1 |1 |21 |¢L 1|2 [z |22z ]2 1111 11 N IR IR T R Y
3|3 4 |4 |ojojo]o
TMIE | 1 |1 |1 |21 |2 O U I IR T N B I 1112 1
1
TMI7 |1 |1 |1 |21 |¢L 1|1 [tz |22z ]2 11 1 1
3 1
TMIS |1 |1 |1 |21 |2 A I IR R T I T N I 1 11 O I R T R Y
3 |3 4 |4 |ojofo]o
TMIS |1 |1 |1 |21 |¢L A U R R T I T N R IR 11
3|3
LPTIM
ADC1 | 2 | - | 2
ADC2 2
ADC3 2
DAC1
DAC2
HSE 4 | 4
LSE 4 4 | 4
HSI16
LS 4 N
MCO 4 | a
EXTI 1|1
4 | 4
COMP |4 |4 |4 |4 |4 4 3 |3 |3 |4
1 2 2|2 |21|2 2 4 |8 |8 |2
3|3 |3 |3]|3 3 8 3
8 |5 |5 |5 |5 8 5
9o | |7 9
CoMP [ 4 [4 [4 |4 [4 4 31338 |4
2 2 |2 |2|21|2 2 4 |8 |8 |2
3|3 |3 |3]|3 3 5 3
8 |5 |5 |5 |5 8 8 5
9 | |78 9
CoMP [ 4 [4 [4 [4 |4 4 3|33 |4
3 2 |2 |2|21|2 2 5 |8 |8 |2
3|3 |3 |3]|3 3 8 3
8 |5 |5 |5 |5 8 5
9| |8 9
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COMP [ 4 [ 4 [4 ][44 4 3 [3]3]4
4 212 |2]2]2 2 5|8 |8 |2

3 (3|3 |3]3 3 8 3

8 |5 |5 |55 8 5

9 | 6 9
SYST 1 1 111
ERR 2 2 2 |2 |2

11.2 Connection Details
11.2.1 Input trigger (itrr)
Table 11-1 Interconnect 1

Timer in- Timer input triggers source allocation
puttriggr | TIM1 TIM2 TIM3 TIM4 TIM5 TIM8 TIM9 TIM12 TIM15 TIM18
signal
Timx_itr | - Timl_trg | Timl_trg | Timl_trg | Timl_trg | Timl_trg | Timl_trg | Timl_trg | Tim1l_trg | Tim1_trg
0 0 0 0 0 0 0 0 0 0
Timx_itr | Tim2_trg | - Tim2_trg | Tim2_trg | Tim2_trg | Tim2_trg | Tim2_trg | Tim2_trg | Tim2_trg | Tim2_trg
1 o] (o] 0 0 0 o] o] o] o]
Timx_itr | Tim3_trg | Tim3_trg | - Tim3_trg | Tim3_trg | Tim3_trg | Tim3_trg | Tim3_trg | Tim3_trg | Tim3_trg
2 o] o] 0 0 0 o] o] o] o]
Timx_itr | Tim4_trg | Tim4_trg | Tim4_trg | - Tim4_trg | Tim4_trg | Tim4_trg | Tim4_trg | Tim4_trg | Tim4_trg
3 0 0 0 0 0 0 0 0 0
Timx_itr | Tim5_trg | Tim5_trg | Tim5_trg | Tim5_trg | - Tim5_trg | Tim5_trg | Tim5_trg | Tim5_trg | Tim5_trg
4 o] o] o] 0 0 o] o o o]
Timx_itr | Tim8_trg | Tim8_trg | Tim8_trg | Tim8_trg | Tim8_trg | - Tim8_trg | Tim8_trg | Tim8_trg | Tim8_trg
5 0 0 0 0 0 0 0 0 0
Timx_itr | Tim9_oc | Tim9_oc | Tim9_oc | Tim9_oc | Tim9_oc | Tim9_oc | - Tim9_oc | Tim9_oc | Tim9_oc
6 1 1 1 1 1 1 1 1 1
Timx_itr | Tim9_oc | Tim9_oc | Tim9_oc | Tim9_oc | Tim9_oc | Tim9_oc | - Tim9_oc | Tim9_oc | Tim9_oc
7 2 2 2 2 2 2 2 2 2
Timx_itr | Tim10_o | Tim10_ o | Tim1l0 o | Timl0 o | Tim10 o | Timl0_ o | Tim1l0 o | Timl10_o | Timl10 o | Tim10_ o
8 [ c c c c c c c c c
Timx_itr | Timl1l_o | Timll o | Timll o | Timll o | Timll o | Timll o | Timll o | Timll o | Timl1l o | Timll o
9 [ [ [ c c c c c c [
Timx_itr | Tim12_o | Tim12_o | Tim12_o | Timl12_o | Timl2_o | Timl2_o | Timl12_o | - Tim12_o | Tim12_o
10 cl cl cl cl cl cl cl cl cl
Timx_itr | Tim12_o | Tim12_o | Tim12_o | Timl2_ o | Timl2_o | Timl2_o | Timl12_o | - Tim12_o | Tim12_o
11 c2 c2 c2 c2 c2 c2 c2 c2 c2
Timx_itr | Tim13_o | Timl13_ o | Tim1l3 o | Timl13_o | Tim13_o | Timl3 o | Timl3 o | Timl13_o | Timl13_o | Timl3 o
12 [ c c c c c c c c c
Timx_itr | Timl4_o | Timl4 o | Timl4 o | Timl4 o | Timl4 o | Timl4 o | Timl4 o | Timl4 o | Timl4 o | Timl4 o
13 [ [ [ c c c c c c [
Timx_itr | Tim15_tr | Tim15_tr | Tim15_tr | Tim15_tr | Tim15_tr | Tim15_tr | Tim15_tr | Tim15_tr | - Tim15_tr
14 go go go go go go go go go
Timx_itr | Tim16_o | Tim16_o | Tim16_o | Tim16_o | Timl6_o | Timl6_o | Tim16_o | Timl16_o | Tim16_o | Tim1l6_o
15 c c c c c c c c c c
Timx_itr | Timl17_o | Timl17_o | Timl7_o | Timl17_o | Timl7_o | Timl7_o | Timl7_o | Timl17_o | Timl17_o | Timl7_o
16 c c c c c c c c c c
Timx_itr | Tim18_tr | Tim18_tr | Tim18 tr | Tim18 tr | Tim18 tr | Tim18_tr | Tim18_tr | Tim18_ tr | Tim18 tr | -
17 go go go go go go go go go
Timx_itr | Tim19_o | Tim19_o | Tim19 o | Tim19 o | Tim19 o | Tim19_o | Tim19 o | Tim19_o | Tim19_ o | Tim19 o
18 [ [ [ c c c c c c c

Some TIMx timers are connected together internally for synchronization or connection of timers.

When a timer is in master mode, it can reset, start, stop the slave mode timer.

11.2.2 External trigger (etr)

Table 11-2 Interconnect 2

Timer external Timer external trigger source allocation

trigger input sig- | TIM1 TIM2 TIM3 TIM4 TIM5 TIM8 TIM18

nal

Timx_etr0 TIM1 ETR | TIM2 ETR | TIM3 ETR | TIM4 ETR | TIM5 ETR | TIM8_ETR | TIM18 ETR
Timx_etrl Compl out | Compl out | Compl out | Compl out | Compl out | Compl out | Compl out
Timx_etr2 Comp2_out | Comp2 out | Comp2_out | Comp2 out | Comp2 out | Comp2 out | Comp2_out
Timx_etr3 Comp3_out | Comp3 out | Comp3 _out | Comp3 out | Comp3 out | Comp3 out | Comp3_out
Timx_etr4 Comp4_out | Comp4 out | Comp4 out | Comp4 out | Comp4 out | Comp4 out | Comp4 out
Timx_etr5 adcl awdl | TIM3_ETR | TIM2 ETR | TIM3 ETR | TIM2 ETR | adc2_awdl | TIM3 ETR
Timx_etr6 adcl awd2 | TIM4A ETR | TIMA ETR | TIM5 ETR | TIM3 ETR | adc2 _awd2 | TIM4 ETR
Timx_etr7 adcl_awd3 | TIM5_ETR - TIM18 ETR | TIM18 ETR | adc2_awd3 | TIM5 ETR
Timx_etr8 TIM18 ETR | adcl awdl adc3 _awdl
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Timx_etr9

adcl awd?2

adc3 awd?2

Timx_etrl0

adcl awd3

adc3 awd3

The output of the comparator may be connected to a timer (TIMx) input capture or a TIMx_ETR signal

or a TIMXx_OCREFCLR signal,or a brake input signal of the timer may be generated.
11.2.3 Ocref clear

Table 11-3 Interconnect 3

Timer ocref Timer ocref clear signal allocation
Clear signal TIM1 TIM2 TIM3 TIM8 TIM15 TIM16 TIM17 TIM18
timx_ocref_clr0 Compl out | Compl out | Compl_out | Compl out | Compl out | Compl_out | Compl out | Compl_out
timx_ocref _clrl Comp2_out | Comp2_out | Comp2_out | Comp2_out | Comp2_out | Comp2_out | Comp2_out | Comp2_out
timx_ocref_clr2 Comp3_out | Comp3_out | Comp3_out | Comp3 out | Comp3_out | Comp3_out | Comp3_out | Comp3_out
timx_ocref _clr3 Comp4_out | Comp4_out | Comp4_out | Comp4 out | Comp4 out | Comp4_out | Comp4_out | Comp4_out
11.24 TI1
Table 11-4 Interconnect 4
Timer TI1 Timer TI1 Signal allocation
Input sig- | TIM1 TIM2 TIM3 TIM4 TIM5 TIM8 TIM15 TIM16 TIM17 TIM18
nal
timx_til i | TI1 TIl TI1 TI1 TI1 TI1 TI1 TI1 TI1 TI1
no
timx_til_i | Compl_ | Compl_ | Compl_ | Compl_ | LSI Compl_ Compl_
nl out out out out out out
timx_til_i | Comp2_ | Comp2_ | Comp2_ | Comp2_ Comp2_ | Compl_ | MCO MCO Comp2_
n2 out out out out out out out
timx_til_i | Comp3_ | Comp3_ | Comp3_ | Comp3_ Comp3_ | Comp2_ | HSE_Div | HSE_Div | Comp3_
n3 out out out out out out 32 32 out
timx_til_i | Comp4_ | Comp4_ | Comp4_ | Comp4_ | Compl_ | Compd_ Comp4_
n4 out out out out out out out
timx_til_i Comp2_
n5 out
timx_til_i Comp3_ LSI LSI
n6 out
timx_til_i Comp4_
n7 out
11.25 TI2
Table 11-5 Interconnect 5
Timer T2 Input sig- Timer TI2 Signal allocation
nal TIM1 TIM2 TIM3 TIM4 TIM5 TIM8 TIM15 TIM18
timx_ti2_in0 TI2 TI2 TI2 TI2 TI2 TI2 TI2 TI2
timx_ti2_inl Compl out | Compl out | Compl out | Compl out Comp2_out | Compl_out
timx_ti2_in2 Comp2_out | Comp2_out | Comp2_out | Comp2_out Comp3_out | Comp2_out
timx_ti2_in3 Comp3 out | Comp3_out | Comp3_out | Comp3_out Comp3_out
timx_ti2_in4 Comp4_out | Comp4 _out | Comp4 out | Comp4_out Comp4_out
11.2.6 TI3
Table 11-6 Interconnect 6
) . Timer TI3 Signal allocation
Timer TI3 Input signal =gy TIM2 TIM3 TIM4 TIM5 TIM8 TIM18
timx_ti3_in0 TI3 TI3 TI3 TI3 TI3 TI3 TI3
timx_ti3_inl Comp4_out Comp3_out Comp2_out
11.2.7 T4
Table 11-7 Interconnect 7
Timer Tl4 Input signal Timer T14 Signal allocation
TIM1 TIM2 TIM3 TIM4 TIM5 TIM8 TIM18
timx_ti4_in0 TI4 TI4 TI4 TI4 T4 TI4 TI4
timx_ti4_inl Compl out Comp3_out
timx_ti4_inl Comp2_out
11.2.8 breakl
Table 11-8 Interconnect 8
Timer Brake 1 Signal Distribution
TIM1_break TIM8_break TIM15 break TIM16_break TIM17_break
Timer Brake 1 | TIM1_BKINpin TIM8_BKINpin TIM15_BKINpin TIM16_BKINpin TIM17_BKINpin
Source Compl out Compl out Compl out Compl out Compl out
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Comp2_out Comp2_out Comp2_out Comp2_out Comp2_out
Comp3_out Comp3_out Comp3_out Comp3_out Comp3_out
Comp4_out Comp4_out Comp4_out Comp4_out Comp4_out
The timer's brake input has two channels:
1. breakl channel, which includes application failures and system failures.
2. The break2 channel only includes application failures.
11.2.9 break2
Table 11-9 Interconnect 9
Timer Brake 2 Signal Distribution
TIM1 break2 TIM8_break2
Timer Brake 2 Source TIM1_BKIN2pin TIM8_BKIN2pin
Compl_out Compl_out
Comp2_out Comp2_out
Comp3_out Comp3_out
Comp4_out Comp4_out
11.2.10Comparator blanking source
Table 11-10 Interconnect 10
Comparator blanking source allocation
COMP1 COMP2 COMP3 COMP4
tim1l_oc5 tim1l_oc5 tim1l_oc5 tim3_oc4
tim2_oc3 tim2_oc3 tim3_oc3 tim8 _oc5
Comparator  blankin tim3_oc3 tim3_oc3 tim2_oc4 tim15_oc2
sourcpe 9 tim8_oc5 Tim8_oc5 Tim8_oc5 tim1_oc5
tim18_oc3 tim18_oc3 tim18_oc4 tim18 oc4
tim15_ocl tim15_ocl tim15_ocl tim15_ocl
tim4_oc3 tim4_oc3 Tim4_oc3 tim4_oc3

TIMx can be used as a blanking window for COMPX.

The output signal TIMx_OCx of the timer is the blanking source input of COMPX.

11.2.11IRTIM control signal

Table 11-11 Interconnect 11

IRTIM control signal

IRTIM Control Signal Allocation

Modulated envelope signal

Tim1l6 ocl

Carrier signal

Tim17_ocl

The general purpose timer (TIM16/TIM17) output channel TIMx_OCL1 is used to generate the wave-
form output of the infrared signal.
11.2.12System error
Table 11-12 Interconnect 12

System Error Source

System error signal is assigned to Timer signal

TIM1 TIM8 TIM15 TIM16 TIM17
Flash ECC error
PVD output
SRAM1/CCM parity TIM1_BK TIM8_BK TIM15_BK TIM16_BK TIM17_BK

Cortex-M4F Lockup

CSS
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12. DMA Controller (DMA)

12.1 Overview

Direct memory access (DMA) is used to provide high-speed data transfer between peripherals and

memory, between memory and memory, or between peripherals and peripherals. Data can be quickly

moved by DMA without any CPU actions. This keeps the CPU resources free for other operations.

The two DMA controllers have a total of 12 channels (6 channels for DMAL and 6 channels for

DMAZ2), and each channel is dedicated to managing access requests from one or more peripheral de-

vices. The DMA also has an arbiter to coordinate the priorities of individual DMA requests.

12.1.1 Main features
The DMA supports:

Single AHB Master

There is programmable channel priority

Supports peripheral-to-memory, memory-to-peripheral, memory-to-memory and peripheral-to-pe-
ripheral data transfers

Supports on-chip memory devices (such as Flash, SRAM, AHB, and APB peripherals) as source
and destination

Supports programmable source and destination addresses, the addresses can be optionally in-
cremented, decremented or unchanged

The multi-block transfer function can be realized by automatic reloading of channel registers and
consecutive addresses between blocks

Supports programmable burst transaction sizes

Each channel generates an interrupt request. Each interrupt request is caused by any of six DMA
events: Transfer Complete, Block Transfer Complete, Source Transaction Complete, Destination
Transaction Complete, Transfer Error, or Half Block Transfer Complete

The FIFO depth of channels 0 to 4 is 8 bytes, and the FIFO depth of channel 5 is 32 bytes

12.1.2 Basic definition

Source Peripheral-A device located on the AHB layer from which the DMA can read data, which
then stores in the channel FIFO. The source peripheral forms a channel together with the target
peripheral. The source peripheral is an AHB or APB slave. If the source is an APB slave, it is
accessed through the AHB-APB bridge.

Destination peripheral-The device to which the DMA writes data stored in the FIFO (previously
read from the source peripheral). The target peripheral is an AHB or APB slave. If the target is an
APB slave, it is accessed through the AHB-APB bridge.

Memory-The source or destination is always ready for a DMA transfer and does not need to have
a handshake interface with the DMA.

Channel-The path through which read/write data occurs via FIFO between a source peripheral
on a configured AHB layer and a target peripheral on the same or different AHB layer. If the source
peripheral is not memory, the source handshake interface is assigned to the channel. If the target

peripheral is not memory, the target handshake interface is assigned to the channel. Source and
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destination handshake interfaces can be dynamically allocated by programming channel registers.
Flow Controller-The device (DMA source or destination peripheral) that determines the DMA
block transmission length and terminates it.

Transport Hierarchy Figure 12-1 shows the hierarchy between DMA transmissions, block trans-

missions, transactions (single or burst), and AHB transmissions (single or burst) for non-memory

peripherals
DMA Transfer DMA Transfer Level
I
v v v
Block Block [ ——=——==-—- Block Block Transfer Level
|
Burst Burst Burst Single .
Transaction Transaction Transaction Transaction DMA Transaction Level
I
v ' ¥ ' ,
AMBA AMBA AMBA AMBA AMBA
Burst Burst |————| Burst Single Single AMBA Transfer Level
Transfer Transfer Transfer Transfer Transfer

Figure 12-1 DMA transfer hierarchy for non-memory peripherals

DMA Transfer DMA Transfer Level
|
v v v
Block Block | ———————- Block Block Transfer Level
|
AMBA AMBA AMBA AMBA
Burst Burst [————| Burst Single AMBA Transfer Level
Transfer Transfer Transfer Transfer

Figure 12-2 DMA Transfer Hierarchy of Graph Memory

Block-A block of DMA data, the number of which is the block length, determined by the flow con-
troller. For transfers between DMA and memory, a block is directly decomposed into a series of
bursts and individual transfers. For transfers between DMA and non-memory peripherals, a block
is broken down into sequences of DMA transactions (single and burst).

Transaction-The basic unit of DMA transmission, determined by a hardware or software hand-
shake interface. If the peripheral is a non-memory device, then the transaction is only related to
the transfer between the source or destination peripheral of the DMA.

There are two kinds of transactions:

® Single Transaction-The length of a single transaction is always 1 and converted to a single

AHB transfer.

® Burst Transaction-The length of a burst transaction can be configured. A burst transaction is
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converted into a series of bursts and an AHB single transmission. The burst transaction
length is controlled by the program, and usually has a certain relationship with the FIFO size
of DMA, source peripheral and target peripheral.

B DMA Transfer-The software controls the number of blocks for DMA transmission. After the DMA
transfer is complete, the hardware in the DMA disables the channel and generates an interrupt to
indicate that the DMA transfer is complete. The channel can then be reprogrammed for the new
DMA transmission.
® Monoblock DMA transmission-consists of a single block.
® Multi-block DMA transmission-A DMA transmission may consist of multiple DMA blocks.

Multi-block DMA transfers are supported by automatic reloading of channel registers and

contiguous blocks.

€ Automatic Reload-DMA automatically reloads the value when the channel was first en-
abled into the channel register at the end of each block.

€4 Contiguous Blocks-The address between contiguous blocks is selected as a continua-
tion of the end of the previous block.

12.1.3 Top-level structure diagram

AHB master
interface ~

4 A

dmal reg
dmal_ack

anat«

dmal_ack| v

AHB slave Bus
interface matrix

INTOVINA

AHB master
interface B

A A

Mac_I Arbiter
—dm e | Abitr I

AHB slave
L interface

9
<
>
<
C
X
%)

The DMA and CPU share the system bus. If the DMA and CPU access the same destination
(memory or peripheral), the DMA request will stop the CPU from accessing the system bus for some
clock cycles. Bus matrix arbitration uses the round-robin method to ensure that the CPU occupies at

least half of the system bus bandwidth.
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12.2 Functional description
12.2.1 Interface definition

Source single transaction size in bytes: src_single_size_bytes =
DMA_CH_CTRLLx.SRC_TR_WIDTH/8

Source burst transaction size in bytes ): src_burst_size_bytes = DMA_CH_CTRLLx.SRC_MSIZE *

src_single_size bytes

Target single transaction size in bytes: dst_single_size bytes =

DMA_CH_CTRLLx.DST_TR_WIDTH/8

Target burst transaction size in bytes ): dst_burst_size_bytes = DMA_CH_CTRLLX.DST_MSIZE *

dst_single_size bytes

Block size in bytes ): blk_size bytes dma = DMA_CH_CTRLHx.BLOCK_TS * src_single_size_bytes

12.2.2 Memory peripheral

DMA_CH_CTRLLx.SRC_MSIZE and DMA_CH_CTRLLx.DST_MSIZE are only valid for peripherals

with handshake interfaces, andthey cannot be used to define burst lengths of memory peripherals.

Consequently:

The length of the burst transfer to the memory is always equal to the number of data items avail-
able in the channel FIFO or the number of data items required to complete the block transfer,
whichever is smaller.

The length of a burst transfer from the memory is always equal to the space available in the
channel FIFO or the number of data items required to complete the block transfer, whichever

is smaller.

12.2.3 DMA transmission

DMA block transfers may be requested from peripherals or triggered by software in the case of

memory-to-memory transfers.

After the event, a single DMA transfer step:

The peripheral sends a DMA request signal to the DMA controller.

The DMA controller responds to the request according to the priority of the channel associated
with this peripheral request.

Once the DMA controller grants the peripheral, the transmission is initiated, and when the trans-
mission is complete, the DMA controller sends a reply to the peripheral.

When the peripheral receives an answer from the DMA controller, it releases its request.

Once the peripheral cancels the request assertion, the DMA controller releases the channel

currently occupied by the peripheral.

The request/acknowledgement protocol is used when the peripheral is the source or destination

of the transmission. For example, in a memory-to-peripheral transfer, the peripheral initiates the

transfer by driving its single request signal to the DMA controller. The DMA controller then

writes the data from the FIFO to the peripheral.

For a given channel x, a DMA block transmission consists of the following repetitive sequence:
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B Data read from a peripheral data register or a location in memory, the data bit width is configured
in the DMA_CH_CTRLLx.SRC_TR _WIDTH register, the data length is configured in the
DMA_CH_CTRLLx.SRC_MSIZE register, addressed through the internal current source address
register, and the start address for the first transfer is configured in the DMA_SARX register.

B Datais written to a peripheral data register or a location in memory, the data bit width is configured
in the DMA_CH_CTRLLx.DST_TR _WIDTH register, the data length is configured in the
DMA_CH_CTRLLx.DST_MSIZE register, addressed through the internal current destination ad-
dress register, and the start address for the first transfer is configured in the DMA_DARX register.

B The DMA_CTLx.BLOCK_TS register contains the number of data items remaining to be trans-
ferred, which indicates the total number of data items that have beenreadfrom the source after
DMA initiates the transfer.

The above sequence is repeated until the set value of the DMA_CTLx.BLOCK_TS register is reached.

12.2.4 Arbiter
The arbiter initiates access to the peripheral/memory according to the priority of the channel re-
quest.
When a request channel x is granted (hardware-requested or software-triggered) access by the arbi-
ter, a single or burst DMA transmission is made. The arbiter then again arbitrates all requested chan-

nels and selects the channel with the highest priority.

The priority of each channel can be set in the DMA_CH_CFGx. register, and there are 6 levels:

v 0
v 1
v o2
v 3
v 4
v 5

Priority 5>4>3>2>1>0.
A channel with a lower channel number at the same priority has a higher priority.

12.2.5 DMA channel

12.2.5.1 Programmable data sizes
Each channel can be DMA transferred between peripheral registers with fixed addresses and
memory addresses. The amount of data transferred by DMA is programmable, up to 4095.

12.2.5.2 Pointer incrementation
By setting the SINC and DINC flag bits in the DMA_CH_CTRLLX register, pointers to peripherals and
memory can be selectively autoincremented after each transfer.
When set to incremental mode, the next address to be transferred will be the previous address plus
an incremental value, which depends on the selected data width of 8/16/32 bits. The first address
transferred is the address stored in the DMA_SAx/DMA_DAX register. During transfer, these regis-
ters maintain their initial values, and the software cannot change and read out the address currently

being transferred (in the internal current peripheral/memory address register).
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12.2.5.3

When the channel is configured to transmit in a single block, DMA operations will no longer occur
after the transmission ends (i.e. the transmission count becomes 0). To start a new DMA transfer,
the number of transfers needs to be re-written in the DMA_CH_CTRLHx.BLOCK_TS register with
the DMA channel closed.

Memory-to-memory mode

The operation of the DMA channel can be performed without peripheral requests. This operation is
memory-to-memory mode. When the DMA_CH_CTRLLX.TT register is set, the DMA transfer will
begin as soon as the software sets the CH_EN bit in the DMA_CH_ENX register to start the DMA
channel. When the number of transferred data reaches the set value of the
DMA_CH_CTRLHx.BLOCK_TS register, the DMA transfer ends.

12.2.6 Error handling

When an error occurs in an AHB transfer, the following happens:

1. Ongoing DMA transmission stops immediately

2. Related channel is disabled

3. Issue interrupt (if not masked)

If multiple channels are open, only the channels where AHB errors are detected are closed.

The contents of the FIFO are not cleared and become inaccessible and overwritten once the channel
is re-enabled to initiate a new transfer.

Automatic resumption of transmission from the point where the error occurred is not supported, and

the entire block transmission must be restarted to retransmit.

12.2.7 Interrupts and events

For each channel, there are six types of interrupt sources:

B Block Transfer Completion Interrupt

This interrupt is generated when the DMA block transmission is complete.

B Destination transaction completion interrupt

This interrupt is generated after the last AHB transmission of the requested single/burst transaction is

completed from the handshake interface (hardware or software) of the target.

If the target of a channel is memory, then the channel will never generate a target transaction com-

pletion interrupt. Therefore, the corresponding enable of this interrupt does not work.
B Errorinterrupt

This interrupt occurs when an error response is received from an AHB slave on the bus during a
DMA transmission. In addition, generating an error interrupt cancels the DMA transmission and disa-

bles the channel.
B Source transaction completion interrupt

This interrupt is generated after the last AHB transfer of the requested single/burst transaction is

completed from the source's handshake interface (hardware or software).

If the source is memory, then the source transaction completion interrupt should be ignored because

memory does not have the concept of "DMA Transaction Level".
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B DMA transmission completely interrupted
This interrupt is generated when a DMA transfer to the target peripheral is completed.
B Half-block transmission completion interrupt

This interrupt is generated when half of the transmission of the DMA block is complete to the target
peripheral.

12.2.8 DMAMUX mapping
DMA peripheral requests are mapped to each channel of DMA1 (6 channels) or DMA2 (6 channels),
which is controlled by the DMAXx_MAP register of SYSCFG. Each peripheral request can be mapped

to any of the 12 channels through configuration.

The relationship between sequence number and peripheral request is shown in the following table:

DMA request MUX Source DMA request MUX Source DMA request MUX Source
input input input
0 ADC1 32 TIM1_TRIG 64 TIM5_CH4
1 ADC2 33 TIM1_COM 65 TIM5_UP
2 ADC3 34 TIM8_CH1 66 TIM5_TRIG
3 DAC1 35 TIM8 _CH2 67 TIM18 CH1
4 DAC2 36 TIM8_CH3 68 TIM18_CH2
5 SPI1_RX 37 TIM8_CH4 69 TIM18_CHS3
6 SPI1_TX 38 TIM8_UP 70 TIM18 _CH4
7 SPI2_RX 39 TIM8_TRIG 71 TIM18_UP
8 SPI2_TX 40 TIM8_COM 72 TIM18 TRIG
9 SPI3_RX 41 TIM6_UP 73 TIM15 _CH1
10 SPI3_TX 42 TIM7_UP 74 TIM15_CH2
11 USART1_RX 43 TIM2_CH1 75 TIM15_UP
12 USART1_TX 44 TIM2_CH2 76 TIM15_TRIG
13 USART2_RX 45 TIM2_CHS3 77 TIM15_COM
14 USART2_TX 46 TIM2_CH4 78 TIM16_CH1
15 USART3_RX 47 TIM2_UP 79 TIM16_UP
16 USART3 TX 48 TIM2_TRIG 80 TIM17_CH1
17 LPUART1_RX 49 TIM3_CH1 81 TIM17_UP
18 LPUART1_TX 50 TIM3_CH2 82 AES in
19 12C1_RX 51 TIM3_CHS3 83 AES_OUT
20 12C1_TX 52 TIM3_CH4 84 Cordic_Read
21 12C2_RX 53 TIM3_UP 85 Cordic_Write
22 12C2_TX 54 TIM3_TRIG 86 ESMC_RX
23 12C3_RX 55 TIM4_CH1 87 ESMC_TX
24 12C3_TX 56 TIM4_CH2 88 SDIO
25 12C4_RX 57 TIM4_CH3 89 UART1_RX
26 12C4_TX 58 TIM4_CH4 90 UART1_TX
27 TIM1_CH1 59 TIM4_UP 91 UART2_RX
28 TIM1_CH2 60 TIM4_TRIG 92 UART2_TX
29 TIM1_CHS3 61 TIM5_CH1 93 UART3_RX
30 TIM1_CH4 62 TIM5_CH2 94 UART3 TX
31 TIM1_UP 63 TIM5_CH3 95 LCDC_TX
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12.2.9 Software Application Description

12.2.9.1

12.2.9.2

DMA Transmission Type

The DMA transmission may consist of a single or multiple block transmissions. On contiguous blocks
of multi-block transfer, the SAX/DAX registers in the DMA are reprogrammed using one of the fol-

lowing methods:
B Automatic reload
B Continuous addresses between blocks

On contiguous blocks of multi-block transfers, the CH_CTRLX register in the DMA is reprogrammed

using the following method:

B Automatic reload

Multi-block transmission
Multiblock transmission does not support exchanging source and destination during transmission.

Table 12-1 Programming of transfer types and channel register update methods

Transmission RELoAD_SRC RELoAD_DST CH_CTRLx SAX Update | DAX update

Type (CH_CFGLXx) (CH_CFGLXx) Update Method method
Method

1. Last transmis- | O 0 None, repro- | None None

sion of a single grammed

or multiple

blocks

2. Automatic re- | O 1 Load initial | Continuous Automatic reload

load multi-block values

transmission, SA

continuous

3. Automatic | 1 0 Load the initial | Automatic reload | Continuous

overload multi- value.

block transmis-

sion, DA contin-

uous

4. Automatic re- | 1 1 Load the initial | Automatic reload | Automatic reload

load multi-block value.

transmission

Automatic reload channel register

During automatic reloading, the channel registers are reloaded at each block completion with their
initial values and a new value for the new block. Depending on the number of rows in Table 12-1,
some or all of the SAx, DAx, and CH_CTRLx channel registers are reloaded from their initial values
at the beginning of the block transfer.

Continuous addresses between blocks

In this case, the address between consecutive blocks is selected as a continuation of the end of the
previous block.

Continuing the source or destination address between blocks is a function of the
CH_CFGLx.RELOAD_SRC and CH_CFGLx.RELOAD_DST registers (see Table12-1).

You cannot select both SAx and DAx updates as consecutive updates. If you want to use this func-

tion, you should increase the size of the block transfer (CH _CTRLHx.BLOCK_TS).
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12.2.9.3

Suspend transmission between blocks

At the end of each block transmission, a block end interrupt is asserted in the following cases:

1. Interrupt enable, CH_CTRLLX.INT_EN =1

2. The channel block interrupt is unmasked, MASKBLOCK [n] = 1, where n is the channel number
For rows 2, 3, and 4 in Table 12-1 (SAx and/or DAx are automatically reloaded between block
transmissions), if the block end interrupt is enabled and unmasked, the DMA transmission automati-
cally stops after the block end interrupt.

The DMA does not proceed to the next block transfer until the hardware detects a write to the
CLEARBLOCK [n] block interrupt clearing register (done by software to clear the channel block com-
plete interrupt).

For rows 2, 3, and 4 in Table 12-1 (SAx and/or DAx are automatically reloaded between block
transmissions), DMA transmissions do not stop if:

B Interrupt not enabled, CH_CTRLLx.INT_EN =0

B Channel block interrupts are masked, MASKBLOCK [n] = 0, where n is the channel number

B Suspend in block transfer completion interrupt not enabled, CH_CFGLx.INT _SUP=0

The channel pause between blocks is used to ensure that the end-of-block ISR (interrupt service
routine) of the penultimate block is served before the last block starts. This ensures that the ISR has
cleared the CH_CFGLX.RELOAD_SRC and/or CH_CFGLX.RELOAD_DST bits before completing
the final block. For the second-to-last block transmission, the overload bits
CH_CFGLXx.RELOAD_SRC and/or CH_CFGLx.RELOAD_DST should be cleared in the block end
ISR of the second-to-last block.

End Multiblock Transmission

All multi-block transmissions must end in line 1 of Table 12-1. At the end of each block transmission,

the DMA will sample the row number. If the DMA is in the row 1 state, the previous block transmitted

is the last block and the DMA transmission terminates.

Forrows 2, 3, and 4 of Table 12-1 (CH_CFGLx.RELOAD_SRC and/or CH_CFGLx.RELOAD_DST

settings), the multi-block DMA transfer continues until the CH_CFGLXx.RELOAD_SRC and

CH_CFGLXx.RELOAD_DST registers are cleared by the software. They should be programmed to 0

in the end of block interrupt service routine that serves the penultimate block transfer, which will put

the DMA into the state of the first line.

Programming channel

Two registers, CH_CTRLx and CH_CFGx, need to be programmed to determine whether a single

block transfer or a multi-block transfer occurs, and which type of multi-block transfer is used. Trans-

mission types are shown in Table 12-1.

Monoblock Transfer (Line 1)

1. Read the channel enable register to select a free channel, refer tothe CH_ENregister.

2. Clear any pending interrupts on channels in previous DMA transmissions by writing interrupt
clearing registers: CLEARTFR, CLEARBLOCK, CLEARSRCTRAN, CLEARDSTTRAN,
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CLEARERR, and CLEARHALFBLOCK. Reading the interrupt raw status and interrupt status

registers confirms that all interrupts have been cleared.
3. Program the following channel registers:
a) Write the starting source address of channel x in the SAX register.
b) Write the start destination address of channel x in the DAX register.
c) Program CH_CTRLx and CH_CFGx as per rowl of Table12-1.
d) The control information of the DMA transfer is written in the CH_CTRLX register of channel
x. For example, the following can be programmed in the register:

i. The transfer type (memory or non-memory peripheral of source and destination) is set
by programming the TT of the CH_CTRLLX register.

ii. Set transfer properties, such as:
<+ Transmission width of source in SRC_TR_WIDTH field
< Transmission width of the target in theDST_ TR_WIDTH field
< Incremental/decremental or fixed address of source in SINC field
< Increment/decrement or fixed address of the target in the DINC field

e) Write channel configuration information to the CH_CFGx register of channel x

i. Specify the handshake interface type (hardware or software) of the source peripheral
and the target peripheral, which is not required for the memory. This step requires pro-
gramming the HS_SEL_SRC/HS_SEL_DST bits separately. Write O activates the
hardware handshake interface to handle source/destination requests. Write 1 activates
the software handshake interface to handle source and destination requests.

ii. If the hardware handshake interface is activated for the source or destination periph-
eral, the handshake interface is assigned to the source and destination peripherals,
which requires programming of the SRC_PER and DST_PER bits, respectively.

4. Before writing toCH_EN, make sure theDMA_ENregister is enabled.

5. To transmit a data block (assuming a non-memory peripheral), the source and target request a
single and burst DMA transaction. The DMA acknowledges and performs block transmission
upon completion of each transaction (burst and single) in the block.

6. Once the transfer is complete, the hardware sets the interrupt and disables the channel. At this
point, you can respond to block transfer completion or transfer completion interrupt, or poll the
transfer completion raw interrupt status register (RAWTFR [n], n = channel number) until it is set
by hardware in order to detect when the transfer is complete. Note that if this kind of polling is
used, the software must ensure that the transfer completion interrupt is cleared by writing the
interrupt clearance register CLEARTFR [n] before the channel is enabled.

Multi-block transmission with source address auto-reloading and destination address

auto-reloading (line 4)

1. Read the channel enable register to select a free channel, refer tothe CH_ENregister.
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Clear any pending interrupts on channels in previous DMA transmissions by writing interrupt

clearing registers: CLEARTFR, CLEARBLOCK, CLEARSRCTRAN, CLEARDSTTRAN,

CLEARERR, and CLEARHALFBLOCK. Reading the interrupt raw status and interrupt status

registers confirms that all interrupts have been cleared.

Program the following channel registers:

a) Write the starting source address of channel x in the SAX register.

b) Write the start destination address of channel x in the DAX register.

c) Program CH_CTRLx and CH_CFGx as perline4of Table12-1.

d) The control information of the DMA transfer is written in the CH_CTRLx register of channel
x. For example, the following can be programmed in the register:

i. By programming the TT of the CH_CTRLX register, the transfer type (memory or non-
memory peripherals of the source and destination) and the flow control device are set.

i. Set transfer properties, such as:

<~ Transmission width of source in SRC_TR_WIDTH field
< Transmission width of the target in theDST_ TR_WIDTH field
< Incremental/decremental or fixed address of source in SINC field
< Increment/decrement or fixed address of the target in the DINC field
e) Write channel configuration information into the CH_CFGx register of channel x. Ensure
that CH_CFGLx.RELOAD_SRC and CH_CFGLx.RELOAD_DST are enabled.

i. Specifies the handshake interface type (hardware or software) of the source and desti-
nation peripherals, which is not required for the memory. This step requires program-
ming the HS_SEL_SRC/HS_SEL_DST bits separately. Write O activates the hardware
handshake interface to handle source/destination requests. Write 1 activates the soft-
ware handshake interface to handle source and destination requests.

ii. If the hardware handshake interface is activated for the source or destination periph-
eral, the handshake interface is assigned to the source and destination peripherals,
which requires programming of the SRC_PER and DST_PER bits, respectively.

Before writing toCH_EN, make sure theDMA_ENregister is enabled.

To transmit a data block (assuming a non-memory peripheral), the source and target request a
single and burst DMA transaction. The DMA acknowledges and performs block transmission
upon completion of each transaction (burst and single) in the block.

When block transfer is complete,the DMAreloads the SAx, DAx, and CH_CTRLXx registers. The
hardware setup block completes the interrupt. The DMA then samples the row numbers as
shown in Table 12-1. If the DMA is in line 1, then the DMA transfer has completed. The hard-
ware sets the transfer completion interrupt and disables the channel. You can respond to a
block transfer completion or a transfer completion interrupt, or poll the transfer completion raw

interrupt status register (RAWTFR [n], where n is the channel number) until it is set by hardware
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in order to detect when the transfer is complete. Note that if this kind of polling is used, the soft-
ware must ensure that the transfer completion interrupt is cleared by writing the interrupt
clearance register CLEARTFR [n] before the channel is enabled. If the DMA is not in line 1, the

next step is performed.
The DMA transfer process is as follows:

a) If the interrupt is enabled (CH_CTRLLX.INT_EN = 1), and the block completion interrupt is
unmasked (MASKBLOCK]x] = 1'b1, where x is the channel number), the hardware sets the
block completion interrupt when the block transfer is complete. It then stops running until
the block transfer completion interrupt is cleared by the software. If the next block is the last
block in the DMA transfer, the block completion ISR (interrupt service routine) should clear
the reload registers CH_CFGLx.RELOAD_SRC and CH_CFGLX.RELOAD_DST in
CH_CFGLXx. This puts the DMA on row 1, as shown in Table 12-1. If the next block is not
the last block in the DMA transfer, then the reload register should remain enabled to keep
DMA on line 4.

b) If the interrupt is disabled (CH_CTRLLX.INT_EN = 0) or the block completion interrupt is
masked (MASKBLOCK]x] =1 'b0, where x is the channel number), then the hardware does
not stop until the write block transfer completion interrupt clear register is detected; Instead,
it starts the next block transfer immediately. In this case, the software must clear the reload
registers CH_CFGLXx.RELOAD_SRC and CH_CFGLx.RELOAD_DST in CH_CFGLxbefore
the last block of the DMA transfer is complete, thereby putting the DMAIn line 1
ofTable12-1.

Multiblock transmission with source address automatic reload and destination address

contiguity (line 3)

1.
2.

Read the channel enable register to select a free channel, refer tothe CH_ENregister.

Clear any pending interrupts on channels in previous DMA transmissions by writing interrupt
clearing registers: CLEARTFR, CLEARBLOCK, CLEARSRCTRAN, CLEARDSTTRAN,
CLEARERR, and CLEARHALFBLOCK. Reading the interrupt raw status and interrupt status

registers confirms that all interrupts have been cleared.

Program the following channel registers:

a) Write the starting source address of channel x in the SAX register.
b) Write the start destination address of channel x in the DAX register.
¢) Program CH_CTRLx and CH_CFGx as per row3ofTable12-1.

d) The control information of the DMA transfer is written in the CH_CTRLX register of channel

x. For example, the following can be programmed in the register:

i. The transfer type (memory or non-memory peripheral of source and destination) is set

by programming the TT of the CH_CTRLLX register.
ii. Set transfer properties, such as:

< Transmission width of source in SRC_TR_WIDTH field
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< Transmission width of the target in theDST_ TR_WIDTH field
< Incremental/decremental or fixed address of source in SINC field
< Increment/decrement or fixed address of the target in the DINC field

e) Write channel configuration information into the CH_CFGx register of channel x. Ensure
that CH_CFGLx.RELOAD_SRC is enabled and CH_CFGLx.RELOAD_DST is disabled.

i. Specify the handshake interface type (hardware or software) of the source peripheral

and the target peripheral, which is not required for the memory.

This step requires programming the HS_SEL_SRC/HS_SEL_DST bits separately.
Write O activates the hardware handshake interface to handle source/destination re-
quests. Write 1 activates the software handshake interface to handle source and desti-

nation requests.

i. If the hardware handshake interface is activated for the source or destination periph-
eral, the handshake interface is assigned to the source and destination peripherals,

which requires programming of the SRC_PER and DST_PER bits, respectively.
Before writing toCH_EN, make sure theDMA_ENTregister is enabled.

To transmit a data block (assuming a nhon-memory peripheral), the source and target request a
single and burst DMA transaction. The DMA acknowledges and performs block transmission

upon completion of each transaction (burst and single) in the block.

When the block transfer is complete, the DMA reloads the SAX register and the DAX register
remains unchanged. The hardware setup block completes the interrupt. The DMA then samples
the row numbers as shown in Table 12-1. If the DMA is in line 1, then the DMA transfer has
completed. The hardware sets the transfer completion interrupt and disables the channel. You
can respond to a block transfer completion or a transfer completion interrupt, or poll the transfer
completion raw interrupt status register (RAWTFR [n], n = channel number) until it is set by
hardware in order to detect when the transfer is complete. Note that if this kind of polling is
used, the software must ensure that the transfer completion interrupt is cleared by writing the
interrupt clearance register CLEARTFR [n] before the channel is enabled. If the DMA is not in
line 1, the next step is performed.

The DMA transfer process is as follows:

a) If the interrupt is enabled (CH_CTRLLX.INT_EN = 1), and the block completion interrupt is
unmasked (MASKBLOCK]x] = 1'b1, where x is the channel number), the hardware sets the
block completion interrupt upon completion of the block transfer. It then stops running until
the block completion interrupt is cleared by the software. If the next block is the last block in
the DMA transfer, the block completion ISR (interrupt service routine) should clear the
source reload register CH_CFGLXx.RELOAD_SRC. This puts the DMA on row 1, as shown
in Table 12-1. If the next block is not the last block of the DMA transfer, then the source

reload register should remain enabled to keep the DMA in line 3, as shown in Table 12-1.

b) If the interrupt is disabled (CH _CTRLLx.INT_EN = 0) or the block completion interrupt is
masked (MASKBLOCK [x] = 1'b0, where x is the channel number), then the hardware does
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not stop until it detects the write block transfer completion interrupt clears the register, in-
stead it starts the next block transfer immediately. In this case, the software must clear the
source reload register CH_CFGLx.RELOAD_SRC before the last block of the DMA transfer
is completed, thereby putting the DMAIn line 1 of Table12-1.
12.2.9.4 Disable channels until transfer completes
Under normal operation, the software enables the channel bywriting 1 to the channel enable register
CH_EN, and the hardware disables the channel by clearing CH_EN upon completion of the transfer.
The recommended method for software to disable a channel without losing data is to use a combina-
tion of the CH_SUSP bit and the FIFO_EMPTY bit in the channel configuration register
(CH_CFGLX).
1. If the software wishes to disable the channel before the DMA transfer is complete, then it can
set the CH_CFGLxX.CH_SUSP bit to tell the DMAtostop all transfers from the source peripheral.

Therefore, the channel FIFO cannot receive new data.

2. The software may poll the CH_CFGLx.FIFO_EMPTYhbit until it indicates that the channel FIFO
is empty.

3. Once the channel FIFO is empty,the CH_EN bitcan be cleared by the software.

When CH_CTRLLX.SRC_TR_WIDTH < CH_CTRLLx.DST_TR_WIDTH and the
CH_CFGLx.CH_SUSP bit is high, CH_CFGLx.FIFO_EMPTY is set once the data in the FIFO cannot
form the unit length of CH_CTRLLX.DST_TR_WIDTH. However, there may still be data in the chan-
nel FIFO, but not enough to form a single transmission of CH_CTRLLX.DST_TR_WIDTH. In this
case, the remaining data in the channel FIFO is not transferred to the target peripheral once the

channel is disabled.

Allows the suspended state of the channel to be released by writing 0 to the CH_CFGLx.CH_SUSP

register. The DMA transfer is done in the normal manner.
Abnormal transmission aborted

A DMA transmission may be abruptly terminated by software by clearingthe channel enable bit
CH_EN. It cannot be assumed that the channel is disabled immediately after setting CH_EN. The
CH_EN bit is cleared on the AHB slave interface. Considering that this is considered a request to
disable the channel, you must confirm that the channel is disabled by reading back CH_ENto 0. The
case where the channel is not disabled after the channel disabling request is that the source or tar-
get receives a split or retry response. The DMA must continue to reattempt the transmission to the
system HADDR that originally received the split or retry response until an OKAY response is re-
turned, otherwise the AMBA protocol is violated.

The software canabruptly terminate all channels by clearing the global enable bit in the DMA configu-
ration register(DMA_ EN). Similarly, it cannot be assumed that all channels are disabled immedi-
ately after clearing DMA_ENI[0]. DMA_EN]O0] is cleared on the AHB slave interface. Consider that
this is treated as a request to disable all channels. You must confirm that all channels are disabledby

reading back CH_ENto 0.
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If the channel enable bit is cleared when there is data in the channel FIFO, the data is not sent to the
target peripheral and does not exist when the channel is re-enabled. For read-sensitive source pe-
ripherals, such as source FIFOs, these data are thus lost. When the source is not a read sensitive
device, such as memory, it may be acceptable to disable the channel without waiting for the channel
FIFO to clear, because data can be obtained from the source peripheral upon request and is not lost.
If the channel is disabled by the software, there is no guarantee that an active single or burst trans-
action will receive an acknowledgement.
It is not allowed to disable the channel by software before completing the transfer. Clearing the
CH_EN bit before the channel is suspended may violate the AHB protocol.

12.3 TIMx registers

12.3.1 DMA module enable register (DMA_EN)

Address offset: 0x00

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 [ o [ 8 | 7 [ 6 | 5 | 4 1T 3 1 2 T 1 0
R DMA_EN
es. RW

Bit Name R/W Reset Value Function
31:1 Reserved - - -

DMA enabled
0 DMA_EN RwW 0 0: Disabled

1: Enabled

12.3.2 DMA channel enable register (DMA_CH_EN)
Address offset: 0x08
Reset value: 0x0000 0000

30 [ 30 | 29 | 28 [ 27 | 26 [ 25 | 24 [ 23 | 22 [ 21 ] 20 [ 19 [ 18 [ 17 | 16
Res.
15 | 14 13 [ 12 [ 112 [ 10 [ 9 [ 8 7 | 6 5 ] 41T 3 [ 2 [ 11 o
Res. CH_EN_WE Res. CH_EN
w [ w i wT Tl wT T [ wT]Ww RW ] RW [ RW [ RW [ RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Write enable for channel enabled (one channel per
13: 8 CH EN WE W 6'h0 bi.t, e.g. CH_EN_WE [0] for CHO)
- = 0: Disabled
1: Enabled
7:6 Reserved - - -
Channel enable (one channel per bit, e.g. CH_EN [0]
for CHO)
0: Disabled
1: Enabled
CH_EN and CH_EN_WE have one-to-one corre-
5:0 CH_EN RW 6’h0 spondence, CH_EN and CH_EN_WE must be written
simultaneously, and CH_EN can be written only when
CH_EN_WE is equal to 1;
When DMA_EN is 0, the register is hardware cleared,;
The register is cleared by hardware after the last data
transfer to the target address is completed;
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12.3.3 DMA Control Register (DMA_CH_CTRLLX)

Address offset: 0x10 + x * 0x58 (x is channel number)

Reset value: 0x0030 4801

31 [ 30

29 [ 28 [ 27 ]

26 | 25

24 | 23 [ 22

21

[ 20 19 | 18 | 17 16

Res.

1T SRC_MSIZE

RW

RW Res. RW

15 | 14

13 | 12 [ 11

10 | 9

8 [ 7 6

5

4 [ 3 ] 2 ] 1 0

SRC_MSIZE

DST_MSIZE

SINC

DINC

SRC_TR_WIDTH

DST TR WIDTH Int_en

RW [ RW

RW [ RW [ RW

RW [ RW

RW | RW

RW [ RW [ RW

RW | RW [ RW RW

Bit

Name

R/W

Reset Value

Function

31:22

Reserved

21: 20

TT

RW

2’h3

Transmission Type

00: mem to mem transmission

01: mem to peripheral transfer

10: Peripheral to mem transfer

11: Peripheral-to-peripheral transfer

19:17

Reserved

16: 14

SRC_MSIZE

RW

3’h1

Source burst transaction length
3'h0: 1

3'hl: 4

3'h2: 8

3'h3: 16

3'h4: 32

3 'h5: 64

3'h6: 128

other: forbidden

The number of data, the width of each
data bit is determined by
SRC_TR_WIDTH

13:11

DST_MSIZE

RW

3’h1

Target burst transaction length
3'h0: 1

3'hl: 4

3'h2: 8

3'h3: 16

3'h4: 32

3'h5: 64

3'h6: 128

other: forbidden

The number of data, the width of each
data bit is determined by

DST TR WIDTH

10: 9

SINC

RW

2’h0

Source address increment
00: Increment

01: Decrease

10: unchanged

11: unchanged

8:7

DINC

RW

2’h0

Target Address Increment
2 'h0: incremental
2 'hl: decreasing
2 'h2: unchanged
2 'h3: unchanged

6.4

SRC_TR_WIDTH

RW

3’h0

Source transmission bit width
3'h0: 8 bits

3'hl: 16 bits

3'h2: 32 bits

other: forbidden

3:1

DST_TR_WIDTH

RW

3’h0

Target transmission bit width
3'h0: 8 bits

3'hl: 16 bits

3'h2: 32 bits

other: forbidden

Int_en

RW

the interrupt enable
0: Disabled
1: Enabled
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12.3.4 DMA Control Register (DMA_CH_CTRLHXx)
Address offset: 0x14 + x * 0x58 (x is channel number)

Reset value: 0x0000 0002

31 [ 30 [ 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 | 17 | 16
Res.
15 | 14 [ 13 [ 12 117 [ 10 | 9 [ 8 [ 7 1 & 5 | 4 [ 3 2 ] 1 [ o
Res BLOCK_TS
: RW | RW [ RW [ RW [ RW [ RW [ RW | RW [ RW [ RW [ RW [ RW
Bit Name R/W Reset Value Function
31:12 Reserved - - -
Block transfer size
; Read this register after the start of the transfer is
11/0 BLOCK_TS RW 12'h2 the total number of data items that have been
read from the source address

12.3.5 DMA Configuration Register (DMA_CH_CFGLXx)
Address offset: 0x18 + x * 0x58 (x is channel number)

Reset value: 0x0000 Oe (x<<1)0

2272 1111
31 30 29 | 28 27 26 25 24 3121 20 olsl7ls
RE- RE-
LoAD_DST LOQE—S MAX_ABRST Res.
RW RW RW
15 14 13 | 12 11 10 9 8 7]6]5 4 3[2J1]Jo0
HS_SEL_S | HS_SEL D | FIFO_EMP | CH_SU INT_SU
Res. RC ST TY sp | CH-PRIOR sp Res.
RW RW R RW RW RW
Bit Name R/W Reset Value Function
Target auto-reload
0: Disabled
1: Enabled
31 RELOAD_DST RW 0 The DA register is automatically reloaded to the
initial value at the end of each block transfer of a
multi-block transfer
Source Automatic Reload
0: Disabled
1: Enabled
30 RELOAD_SRC RW 0 The SA register is automatically reloaded to the
initial value at the end of each block transfer of a
multi-block transfer
Maximum burst length
29: 20 MAX_ABRST RW 10'h0 0: maximum burst length is not limited
other: corresponding to the set burst length
19:12 Reserved - - -
Source software or hardware handshake selec-
tion
0: Hardware handshake
11 HS_SEL_SRC RW 1 1: Software handshake
This register does not work when the source is
memory
Target software or hardware handshake selec-
tion
0: Hardware handshake
10 HS_SEL_DST RW 1 1: Software handshake
This register does not work when the target is
memory
Channel fifo state
9 FIFO_EMPTY R 1 0: non-empty
1: empty
8 CH_SUSP RW 0 Channel suspended
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0: DMA transfer from source will not be sus-
pended
1: DMA transmission from source is suspended

7:5

CH_PRIOR

RW

3 'hx

Channel Priority

Default is channel number

The higher the value of this register, the higher
the priority

The default priority of each channel is the chan-
nel number, that is

Channel O priority is 0

Channel 1 priority is 1

Channel 2 priority is 2

Channel 3 priority is 3

Channel 4 priority is 4

Channel 5 priority is 5

INT_SUSP

RW

Suspended in block interrupt (multi-block trans-
mission)

0: Continue transmission in block interrupt

1: Suspend transmission in block interrupt

3:0

Reserved

12.3.6 DMA configuration register (DMA_CH_CFGHXx)
Address offset: Ox1c + x * 0x58 (x is channel number)

Reset value: 0x0000 0004

31 | 30 [ 29 [ 28 | 27 [ 26 [ 25 [ 24 | 23 [ 22 [ 210 [ 20 [ 19 [ 18 ] 17 [ 16
Res.
15 | 14 13 [ 12 | 11 10 9 [ 8 [ 7 6 | 5 [ 4 [ 3 [ 2 1 0
Res. DST_PER Res. SRC_PER Res. FIFO_MODE | _
RW [ RW | RW RW [ RW | RW RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Target hardware interface selection
Allocate the request to the corresponding chan-
nel, that is
3 'h0: assign target request 0 to channel x
13- 11 DST_PER RW 3'h0 3 hl ass?gn target request 1 to channel x
3 'h2: assign target request 2 to channel x
3 'h3: assign target request 3 to channel x
3 'h4: assign target request 4 to channel x
3'h5: assign target request 5 to channel x
other: forbidden
10 Reserved - - -
Source hardware interface selection

9:7

SRC_PER

RW

3’h0

Allocate the request to the corresponding chan-
nel, that is

3 'h0:
3'hl:
3'h2:
3'h3:
3 'h4:
3 'h5:
other:

Assign source request 0 to channel x
Assign source request 1 to channel x
Assign source request 2 to channel x
Assign source request 3 to channel x
Assign source request 4 to channel x
Assign source request 5 to channel x
forbidden

6: 2

Reserved

FIFO_MODE

RwW

fifo mode selection

0: Single AHB transmission with available space
of specified transmission width

1: For the target transmission, the available data
is greater than or equal to half of the FIFO
depth; For source transmission, the available
space is greater than half the FIFO depth. There
are exceptions at the end of a burst request or at
the end of a block transfer.

Reserved
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12.3.7 DMA channel x source address register (DMA_SAX)

Address offset: 0x20 + x * 0x58 (x is channel number)

Reset value: 0x0000 0000

31 [30 [29 [28 27 [26 [25 [24 [23 [22 [21 J20 19 [ 18 [17 T 16
SA [31: 16]

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

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

Bit Name R/W Reset Value Function
31:0 SA[31: 0] RW 32’h0 Current source address of DMA transfer
12.3.8 DMA channel x destination address register (DMA_DAX)
Address offset: 0x28 + x * 0x58 (x is channel number)
Reset value: 0x0000 0000
31 [30 [29 28 J27 [26 [25 [24 [23 [22 J21 J20 19 [ 18 [17 [ 16
DA [31: 16]

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

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

Bit Name R/W Reset Value Function
31:0 DA [31: 0] RW 32’h0 Current destination address of DMA transfer
12.3.9 DMAHalf Block Transferinterrupt Register (DMA_STATUSHALFBLOCK)
Address offset: 0x2a8
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 | 112 [ 10 [ 9 | 8 | 7 T 6 5 [ 4 ] 3 [ 2 JT 1 ] o
R STATUS
es. R ] R ] R ] R ] R | R
Bit Name R/W Reset Value Function
31:6 Reserved - - -
The state of half-block transmission completion
interruption (each bit corresponds to one chan-
. , nel, for example, STATUS [0] corresponds to
5:0 STATUS R &'h0 CHO) (MASKHALFBLOCK =1 is valid)
0: Inactive state
1: Active status

12.3.10 DMAHalf Block TransferinterruptMaskRegister (DMA_MASKHALFBLOCK)
Address offset: 0x2b0

Reset value: 0x0000 0000
30 [ 29 [ 28 | 27 ]

31 | 26 |

25 | 24 [ 23 [ 22 | 20 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 [ 14 13 [ 12 | 11 | 10 | 9 [ 8 7 [ 6 5 [ 4 ] 3 ] 2 [T 1 T o
Res INT_MASK_WE Res INT_MASK
) w [ w i w [ w Tl wT] Ww ) RW [ RW [ RW | RW | RW [ RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
13: 8 INT MASK WE W 6'h0 Ha_If-bIock transmission completes write enable
- — of interrupt mask
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(Each bit corresponds to one channel, e.g.
INT_MASK_WE [0] corresponds to CHO)
0: Interrupt mask write prohibition

1: Interrupt mask write enabled

7.6 Reserved - - -

Half-block transmission completes interrupt
masking (each bit corresponds to one channel,
for example INT_MASK [0] corresponds to CHO)
0: Mask interrupt

5:0 INT_MASK RW 6'h0 1: Unmasked interrupt

INT_MASK corresponds to INT_MASK_WE
one-to-one, and this register can only be written
when the corresponding INT_MASK_WE is
equalto 1

12.3.11 DMAHalf Block Transfer CompletelnterruptClearRegister (DMA_CLEARHALFBLOCK)

Address offset: 0x2b8
Reset value: 0x0000 0000

30 [ 30 [ 29 [ 28 | 27 | 26 | 25 | 24 [ 23 | 22 | 21 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 [ 14 [ 13 | 12 [ 12 [ 10 [ 9 [ 8 | 7 [ &6 5 [ 4 ] 3 ] 2 J 1 T o
Res CLEAR
) W [ w [ w [ wT]J]wT]J[Ww
Bit Name R/W Reset Value Function
31:6 Reserved - - -

CLEAR half-block transfer completion interrupt
(each bit corresponds to one channel, for exam-
5:0 CLEAR w 6’h0 ple, CLEAR [0] corresponds to CHO)

0: No action

1: Clear interrupt

12.3.12DMAtransfer completioninterrupt register (DMA_STATUSTFR)

Address offset: 0x2e8
Reset value: 0x0000 0000

30 [ 30 [ 29 [ 28 [ 27 | 26 | 25 | 24 [ 23 | 22 | 21 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 [ 14 [ 13 [ 12 [ 12 [ 10 | 9 [ 8 [ 7 [ 6 5 [ 4 ] 3 ] 2 [ 1 T o
R STATUS
es. R ] R ] R ] R ] R R
Bit Name R/W Reset Value Function
31:6 Reserved - - -
The state of transmission completion interrupt (each
bit corresponds to one channel, for example, STATUS
5:0 STATUS R 6'h0 [0] corresponds to CHO) (MASKTFR =1 is valid)
0: Inactive state
1: Active status
12.3.13DMAblock transfer completioninterrupt register (DMA_STATUSBLOCK)
Address offset: 0x2f0
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 [ 112 [ 10 | 9 [ 8 | 7 [ s 5 [ 4 ] 3 T 2 T 1 T o
R STATUS
es. R ] R ] R ] R [ RR
Bit Name R/W Reset Value Function
31: 6 Reserved - - -
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5:0

STATUS

6’h0

The state of block transmission completion inter-
ruption (each bit corresponds to one channel, for
example, STATUS [0] corresponds to CHO)
(MASKBLOCK = 1 is valid)

0: Inactive state

1: Active status

12.3.14DMASource Transaction Completelnterrupt Register (DMA_STATUSSRCTRAN)

Address offset: 0x2f8

Reset value: 0x0000 0000

31 [ 30

29 |

28 27 | 26 | 25 24 | 23 22 | 212 | 20 | 19 [ 18 | 17 | 16
Res.
15 [ 14 13 [ 12 11 [ 10 [ 9 8 [ 7 6 5 [ 4 ] 3 ] 2 J 1 T o
Res STATUS
) R | R ] R T R | R TR
Bit Name R/W Reset Value Function
31:6 Reserved - - -
The state of the source transaction completion
interrupt (one channel per bit, for example,
. , STATUS [0] corresponds to CHO)
5:0 STATUS R &'h0 (MASKSRCTRAN = 1 is valid)
0: Inactive state
1: Active status

12.3.15DMATarget Transaction Completelnterrupt Register (DMA_STATUSDSTTRAN)

Address offset: 0x300

Reset value: 0x0000 0000

31 [ 30 29 | 28 | 27 | 26 | 25 24 | 23 22 | 212 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 | 14 13 [ 12 | 11 [ 10 | 9 8 [ 7 6 5 [ 4 ] 3 ] 2 J 1 T o
R STATUS
es. R ] R ] R ] R[] R R
Bit Name R/W Reset Value Function
31:6 Reserved - - -
The state of the target transaction completion in-
terrupt (each bit corresponds to a channel, for
50 STATUS R 6'h0 example, STATUS [0] corresponds to CHO)

(MASKDSTTRAN = 1 is valid)
0: Inactive state
1: Active status

12.3.16 DMAtransfer errorinterrupt register (DMA_STATUSERR)

Address offset: 0x308

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 [ 112 [ 10 [ 9 [ 8 | 7 [ s 5 [ 4 ] 3 [ 2 [ 1 T o
R STATUS
es. R ] R ] R ] R ] R | R
Bit Name R/W Reset Value Function
31: 6 Reserved - - -
STATUS of transmission error interrupt (one chan-
nel per bit, e.g. STATUS [0] for CHO) (MASKERR =
5:0 STATUS R 6’h0 1 valid)
0: Inactive state
1: Active status
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12.3.17DMAtransfer completioninterruptmaskregister (DMA_MASKTFR)
Address offset: 0x310
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. INT_MASK_WE Res. INT_MASK
W | w [ w T w [ w w RW [ RW [ RW | RW | RW | RW
Bit Name RIW Reset Value Function
31:14 Reserved - - -
Write Enable for Transfer Completion Interrupt
Mask
. , (Each bit corresponds to one channel, e.g.
13:8 INT_MASK_WE w 610 INT_MASK_WE [0] corresponds to CHO)
0: Interrupt mask write prohibition
1: Interrupt mask write enabled
7:6 Reserved - - -
Transmission completion interrupt masking
(each bit corresponds to one channel, e.g.
INT_MASK [0] corresponds to CHO)
0: Mask interrupt
. , 1: Unmasked interrupt
50 INT_MASK RW 610 INT_MASK and INT_MASK_WE have a one-to-
one correspondence. INT_MASK and
INT_MASK_WE must be written at the same
time, and INT_MASK can only be written when
INT_MASK WEisequalto 1l

12.3.18DMAblock transfer completioninterruptmaskregister (DMA_MASKBLOCK)

Address offset: 0x318

Reset value: 0x0000 0000

30 [ 30 [ 29 [ 28 [ 27 | 26 | 25 | 24 [ 23 | 22 | 21 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 [ 14 13 [ 12 [ 112 [ 10 [ 9 [ 8 7 | 6 5 [ 4 [ 3 [T 2 [ 1 ] o
Res. INT_MASK_WE Res. INT_MASK
w [ w [ w [ w I [ wT] Ww RW | RW [ RW | RW | RW [ RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Block transfer completes write enable of inter-
rupt mask (one channel per bit, e.g.
13:8 INT_MASK_WE W 6'h0 INT_MASK_WE [0] corresponds to CHO)
0: Interrupt mask write prohibition
1: Interrupt mask write enabled
7.6 Reserved - - -
Block transmission completes interrupt masking
(each bit corresponds to one channel, for exam-
ple INT_MASK [0] corresponds to CHO)
0: Mask interrupt
. , 1: Unmasked interrupt
5:0 INT_MASK RW 6'h0 INT_MASK and INT_MASK_WE have a one-to-
one correspondence. INT_MASK and
INT_MASK_WE must be written at the same
time, and INT_MASK can only be written when
INT_MASK WE is equalto 1
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12.3.19DMASource Transaction CompletioninterruptMaskRegister (DMA_MASKSRCTRAN)
Address offset: 0x320

Reset value: 0x0000 0000

30 [ 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 ] o
Res. INT_MASK_WE Res. INT_MASK
w [ w [ w [ w [ WwT]J Ww RW [ RW [ RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Source transaction completes write enable of in-
terrupt masking (one channel per bit, for exam-
13: 8 INT_MASK_WE w 6'h0 ple INT_MASK_WE [0] corresponds to CHO)
0: Interrupt mask write prohibition
1: Interrupt mask write enabled
7:6 Reserved - - -
Source transaction completes interrupt masking
(one channel per bit, e.g. INT_MASK [0] corre-
sponds to CHO)
0: Mask interrupt
. , 1: Unmasked interrupt
5:0 INT_MASK RW 6'ho INT_MASK and INT_MASK_WE have a one-to-
one correspondence. INT_MASK and
INT_MASK_WE must be written at the same
time, and INT_MASK can only be written when
INT_MASK_WE is equal to 1

12.3.20DMATarget Transaction Completioninterrupt MaskRegister (DMA_MASKDSTTRAN)

Address offset: 0x328

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 [ 112 [ 10 | 9 [ 8 7 | 6 5 [ 4 T 3 T 2 [ 1 ] o
Res. INT_MASK_WE Res. INT_MASK
wW [ w i w Tl w Tl wT] ] Ww RW [ RW [ RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Target transaction completes write enable of in-
terrupt masking (each bit corresponds to one
13: 8 INT_MASK_WE W 6'h0 channel, for example INT_MASK_WE [0] corre-
sponds to CHO)
0: Interrupt mask write prohibition
1: Interrupt mask write enabled
7:6 Reserved - - -
Target transaction completion interrupt masking
(each bit corresponds to one channel, for exam-
ple INT_MASK [0] corresponds to CHO)
0: Mask interrupt
. , 1: Unmasked interrupt
50 INT_MASK RW 60 INT_MASK and INT_MASK_WE have a one-to-
one correspondence. INT_MASK and
INT_MASK_WE must be written at the same
time, and INT_MASK can only be written when
INT_MASK WEisequaltol

12.3.21DMATransfer ErrorinterruptMaskRegister (DMA_MASKERR)

Address offset: 0x330
Reset value: 0x0000 0000
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31 | 30 29 | 28 [ 27 | 26 | 25 24 | 23 [ 22 | 212 [ 20 [ 19 [ 18 | 17 | 16
Res.
15 [ 14 13 [ 12 [ 11 [ 10 [ 9 8 7 | 6 5 [ 4 [ 3 ] 2 [ 1 ] o
Res. INT_MASK_WE Res. INT_MASK
w | w [ w [ w [ W W RW [ RW [ RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Write enable for transmission error interrupt
mask (one channel per bit, e.g. INT_MASK_WE
13: 8 INT_MASK_WE w 6’h0 [0] for CHO)
0: Interrupt mask write prohibition
1: Interrupt mask write enabled
7:6 Reserved - - -
Transmission error interrupt masking (one chan-
nel per bit, e.g. INT_MASK [0] for CHO)
0: Mask interrupt
1: Unmasked interrupt
5:0 INT_MASK RW 6’h0 INT_MASK and INT_MASK_WE have a one-to-
one correspondence. INT_MASK and
INT_MASK_WE must be written at the same
time, and INT_MASK can only be written when
INT_MASK_WE is equal to 1

12.3.22DMATransfer CompletelnterruptClearRegister (DMA_CLEARTFR)

Address offset: 0x338

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 | & 5 [ 4 T 3 T 2 [ 1 ] o
Res CLEAR
) w T w [ wilw T lwT]J[w
Bit Name R/W Reset Value Function
31:6 Reserved - - -
CLEAR transfer completion interrupt (one chan-
50 CLEAR W 6'h0 ngl per bl_t, e.g. CLEAR [0] for CHO)
0: No action
1: Clear interrupt

12.3.23DMABIock Transfer CompletelnterruptClearRegister (DMA_CLEARBLOCK)

Address offset: 0x340

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 JT 1 T o
Res CLEAR
’ w [ w [ wJlw ] w]J[Ww
Bit Name R/W Reset Value Function
31:6 Reserved - - -
CLEAR block transfer completion interrupt (one
50 CLEAR W 6'h0 channel per bit, e.g. CLEAR [0] for CHO)
0: No action
1: Clear interrupt

12.3.24DMASourceTransactionComplete InterruptClear Register (DMA_CLEARSRCTRAN)

Address offset: 0x348
Reset value: 0x0000 0000
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31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Res.
15 | 14 | 13 [ 12 | 11 [ 0] o [ 8 | 7 6 s | 4 | 3] 2] 11 o
CLEAR
Res.
wlwlw I [w][w]w
Bit Name R/W Reset Value Function
31:6 Reserved - - -
CLEAR source transaction completion interrupts
50 CLEAR W 6'h0 (one channel per bit, e.g. CLEAR [0] for CHO)
’ 0: No action
1: Clear interrupt

12.3.25DMATargetTransaction InterruptClear Register (DMA_CLEARDSTTRAN)
Address offset: 0x350

Reset value: 0x0000 0000
30 |

31 |

29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Res.
15 [ 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 [ 7 T 6 5 [ 4 T 3 T 2 [ 1 ] o
Res CLEAR
’ wW [ w i w Tl wTlTwT]J[Ww
Bit Name R/W Reset Value Function
31:6 Reserved - - -
CLEAR the target transaction completion inter-
rupt (one channel per bit, for example, CLEAR
5:0 CLEAR W 6’h0 [0] for CHO)
0: No action
1: Clear interrupt

12.3.26 DMATransfer ErrorinterruptClearRegister (DMA_CLEARERR)
Address offset: 0x358

Reset value: 0x0000 0000
30 |

31 |

29 | 28 [ 27 | 26 | 25 [ 24 [ 23 | 22 | 20 [ 20 [ 19 [ 18 | 17 [ 16
Res.
15 [ 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 [ 7 T 6 5 [ 4 T 3 T 2 [ 1 ] o
Res CLEAR
' w [ w i w Tl wT Tl wT]J[Ww
Bit Name R/W Reset Value Function
31:6 Reserved - - -
CLEAR transmission error interrupts (one chan-
50 CLEAR W 6'h0 ngl per bl_t, e.g. CLEAR [0] for CHO)
0: No action
1: Clear interrupt

12.3.27 DMAchannelinterruptstatusregister (DMA_STATUSINT)

Address offset: 0x360

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 HALFBLOC | ERR [ DSTT | SRCT | BLOCK | TFR
) R R R R R R
Bit Name R/W Reset Value Function
31:6 Reserved - - -
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Is there a half block transmission completion inter-
rupt in all channels

5 HALEBLOC R 0 O There is no half-block transmission completion
interrupt in all channels
1: Half-block transmission completion interrupt ex-
ists in all channels
Are there any transmission error interrupts in all

4 ERR R 0 channels : .
0: No transmission error interrupt in all channels
1: Transmission error interrupt in all channels
Is there a target transmission completion interrupt
in all channels

3 DSTT R 0 O Np target transmission completion interrupt ex-
ists in all channels
1: There is a target transmission completion inter-
rupt in all channels
Is there a source transfer completion interrupt in all
channels

> SRCT R 0 O Np source transmission completion interrupt ex-
ists in all channels
1: Source transfer completion interrupt exists in all
channels
Is there a block transfer completion interrupt in all
channels

1 BLOCK R 0 0: No block transfer completion interrupt exists in
all channels
1: There is a block transfer completion interrupt in
all channels
Are there transmission completion interrupts in all
channels

0 TER R 0 0: No transmission completion interrupt exists in all
channels
1: Transmission completion interrupt exists in all
channels

12.3.28DMASource TransactionSoftware Handshake Register (DMA_REQSRC)

Address offset: 0x368

Reset value: 0x0000 0000

30 [ 30 [ 29 | 28 [ 27 | 26 | 25 [ 24 | 23 22 | 212 | 20 [ 19 [ 18 [ 17 [ 16
Res.
15 [ 14 13 [ 12 [ 112 [ 10 | 9 [ 8 7 6 5 [ 4 T 3 T 2 [ 1 ] o
Res. SRC_REQ_WE Res. SRC_REQ
W [ w i w Tl w Tl wT] ] Ww RW [ RW [ RW | RW | RW | RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Write enable for source transaction software re-
quests (one channel per bit, e.g. SRC_REQ_WE
13:8 SRC_REQ_WE w 6’h0 [0] for CHO)
0: Source request write prohibited
1: Source request write enable
7:6 Reserved - - -
Source transaction software request(one chan-
nel per bit, e.g. SRC_REQ [0] for CHO)
0: Source request not active
1: Source request activation
50 SRC_REQ RW 6'h0 When (?H_EN is 0, the register is hardware
cleared;
SRC_REQ corresponds to SRC_REQ_WE one-
to-one, and this register can be written only
when the corresponding SRC_REQ_WE is
equalto 1
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12.3.29 DMATarget TransactionSoftware Handshake Register (DMA_REQDST)
Address offset: 0x370
Reset value: 0x0000 0000

30 [ 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 J 1 T o
Res DST_REQ_WE Res DST_REQ
: w [ w [ w [ w [ WwT]J W ) RW [ RW [ RW | RW | RW [ RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -

Write enable for the target transaction software re-
qguest(one channel per bit, e.g. DST_REQ_WE [0]
13: 8 DST_REQ_WE w 6’h0 for CHO)

0: Destination request write prohibited

1: Target request write enabled

7:6 Reserved - - -
Target transaction software request(one channel
per bit, e.g. DST_REQ [0] corresponds to CHO)
0: Destination request not active

50 DST _REQ RW 6'h0 1: Target request activation

When CH_EN is 0, the register is hardware cleared,;
DST_REQ corresponds to DST_REQ_WE one-to-
one, and this register can be written only when the
corresponding DST_REQ WE is equal to 1

12.3.30DMAsource single transactionsoftware handshake register (DMA_SGLRQSRC)

Address offset: 0x378
Reset value: 0x0000 0000

31 | 3 [ 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 J 1 T o
Res SRC_SGLREQ_WE Res SRC_SGLREQ
) w [ w [ w [ w [ wT]J[ Ww ) RW [ RW [ RW | RW | RW [ RW

Bit Name R/W Reset Value Function
31:14 Reserved - - -
Write enable for source single transaction
software requests(one channel per bit, e.g.
13: 8 SRC_SGLREQ_WE w 6’h0 SRC_SGLREQ_WE [0] for CHO)
0: Source request write prohibited
1: Source request write enable
7:6 Reserved - - -
Source single transaction software re-
guest(each bit corresponds to one channel,
for example, SRC_SGLREQ [0] corresponds
to CHO)
0: Source request not active
1: Source request activation
When CH_EN is 0, the register is hardware
cleared;
SRC_SGLREQ corresponds to
SRC_SGLREQ_WE one-to-one, and this
register can be written only when the corre-
sponding SRC_SGLREQ _WE is equalto 1

12.3.31DMATarget Single TransactionSoftware Handshake Register (DMA_SGLRQDST)

5:0 SRC_SGLREQ RW 6’h0

Address offset: 0x380
Reset value: 0x0000 0000
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31 | 30 29 | 28 [ 27 | 26 | 25 | 24 [ 23 | 22 | 20 | 20 [ 19 [ 18 | 17 [ 16
Res.
15 [ 14 13 | 12 | 11 [ 10 [ 9 [ 8 7 | 6 5 [ 4 [ 3 [T 2 [ 1 ] o
Res. DST_SGLREQ WE Res. DST_SGLREQ
w [ w [ w [ w [ WwT]J W RW [ RW [ RW | RW | RW [ RW
Bit Name R/W Reset Value Function
31:14 Reserved - - -
Write enable of target single transaction soft-
ware request(one channel per bit, e.g.
13: 8 DST_SGLREQ_WE W 6’h0 DST_SGLREQ_WE [0] corresponds to CHO)
0: Destination request write prohibited
1: Target request write enabled
7:6 Reserved - - -
Target single transaction software re-
guest(each bit corresponds to one channel, for
example, DST_SGLREQ [0] corresponds to
CHO)
0: Destination request not active
50 DST_SGLREQ RW 6'h0 1: Target request activation

When CH_EN is 0, the register is hardware
cleared;

DST_SGLREQ corresponds to
DST_SGLREQ_WE one-to-one, and this reg-
ister can be written only when the correspond-
ing DST_SGLREQ _WE is equal to 1
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13.
13.1

Interrupts and events

Nested vectored interrupt controller (NVIC)

The interface between nested vector interrupt controller (NVIC) and processor core is closely con-

nected, which can realize low latency interrupt processing and efficiently handle late interrupts.

The nested vector interrupt controller manages interrupts such as kernel exceptions. Please refer to

the Cortex-M4F Programming Manual for more instructions on exceptions and NVIC programming.

13.1.1 Main features

B 86 maskable interrupt channels (excluding 16 Cortex ® -M4F interrupt line);

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

®  Low latency exception and interrupt handling;

B Power management control;

B Implementation of System Control Register;

13.1.2 SysTick Calibration Value Register

The system tick calibration value is fixed at 9000, and when the system tick clock is set to 9MHz, a

1ms time reference is generated.

13.1.3 Break and Exception Vector Table

meucrtrir PTER- | el prer- Pin name Address Description
bering ity ity
- - - - 0x0000_0000 Reserved
- -3 fixed Reset 0x0000_0004 Reset
RCC HSE Clock Safety
i 2 NMI (HSE CSS)/ECC error for 0x0000 0008 NMI
FLASH/CCM error for -
SRAM
- -1 fixed HardFault 0x0000_000C All classes of fault
- 0 Programmable MemMana;;egMemMan- 0x0000_0010 Memory management
- 1 Programmable BusFault 0x0000_0014 | Prefetch finger failure, memory access failure
- 2 Programmable Error ggglli:(;aljlitc;n (Us- 0x0000_0018 Undefined instruction or illegal status
- - - - 0x0000_001C Reserved
- - - - 0x0000_0020 Reserved
- - - - 0x0000_0024 Reserved
- - - - 0x0000_0028 Reserved
- 3 Programmable SvcCall 0x0000_002C System service call via SWI instruction
- 4 Programmable DebugMonitor 0x0000_0030 Debug Monitor
- - - - 0x0000_0034 Reserved
- 5 Programmable PendSV 0x0000_0038 Pendable request for system service
- 6 Programmable SysTick 0x0000_003C System tick timer
0 7 Programmable WWDG 0x0000_0040 Window Watchdog Timer Interrupt
1 8 | Programmable PVD 0x0000_0044 | Power Supply Yﬁgg‘gﬁ t'zeé;CT“IO” (PVD) Inter-
2 9 Programmable TAMPER 0x0000_0048 Intrusion detection interruption
3 10 Programmable RTC 0x0000_004C Real Time Clock (RTC) Global Interrupt
4 11 Programmable FMC 0x0000_0050 Flash FMC Global Interrupt
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Reset and Clock Control (RCC) and CTC in-

5 12 Programmable RCC and CTC 0x0000_0054 terrupts

6 13 Programmable EXTIO 0x0000_0058 EXTI line 0 interrupted

7 14 Programmable EXTI1 0x0000_005C EXTI line 1 interrupted

8 15 Programmable EXTI2 0x0000_0060 EXTI line 2 interrupted

9 16 Programmable EXTI3 0x0000_0064 EXTI line 3 interrupted

10 17 Programmable EXTI4 0x0000_0068 EXTI line 4 interrupted

11 18 Programmable DMA1 Channel 1 0x0000_006C DMAL1 Channel 1 Global Interrupt

12 19 Programmable DMAL Channel 2 0x0000_0070 DMA1 Channel 2 Global Interrupt

13 20 Programmable DMA1 Channel 3 0x0000_0074 DMAL1 Channel 3 Global Interrupt

14 21 Programmable DMAL Channel 4 0x0000_0078 DMA1 Channel 4 Global Interrupt

15 22 Programmable DMA1 Channel 5 0x0000_007C DMAL1 Channel 5 Global Interrupt

16 23 Programmable DMAL Channel 6 0x0000_0080 DMA1 Channel 6 Global Interrupt

17 24 Programmable DMA2 Channel 6 0x0000_0084 DMAZ2 Channel 6 Global Interrupt

18 25 Programmable ADC1_2 0x0000_0088 ADC1 and ADC2 global interrupts

19 26 Programmable OTG1_FS-WKUP 0x0000_008C USB1 OTG FS wakeup via EXTI interrupt
20 27 Programmable CANL1 int0 0x0000_0090 CANL1 Interrupt O

21 28 Programmable OTG1_FS 0x0000_0094 USB1 OTG Global interrupt

22 29 Programmable TIM18 0x0000_0098 TIM18 global interrupt

23 30 Programmable EXTI9_5 0x0000_009C EXTI line [9: 5] interrupted

24 31 | Programmable TIML_BRK_TIM9 0x0000_00AQ | ''MERI abort i”te”feprtnj‘g‘td TIMERS global in-
25 32 | Programmable TIML_UP_TIM10 0x0000_00A4 | T'MERL update i”ti‘?{{é‘r‘:fjst”d TIMER1O0 global
26 33 | Programmable | TIM1 TRG_COM TIM11 | 0x0000_00A8 T'MER1%39%9,\/"E""F’;‘ilcgl‘;’t‘;;’}inctztri:’u”pi”te"“pt
27 34 Programmable TIM1_CC 0x0000_00AC TIMER1 capture comparison interrupt

28 35 Programmable TIM2 0x0000_00B0 TIMER2 global interrupt

29 36 Programmable TIM3 0x0000_00B4 TIMERS global interrupt

30 37 Programmable TIM4 0x0000_00B8 TIMERA4 global interrupt

31 38 Programmable 12C1_EV 0x0000_00BC 12C1 Event Interrupt

32 39 Programmable 12C1_ER 0x0000_00CO0 12C1 Error Interrupt

33 40 Programmable 12C2_EV 0x0000_00C4 12C2 Event Interrupt

34 41 Programmable 12C2_ER 0x0000_00C8 12C2 Error Interrupt

35 42 Programmable SPI1 0x0000_00CC SPI1 global interrupt

36 43 Programmable SPI2 0x0000_00D0 sPi2 global interrupt

37 44 Programmable USART1 0x0000_00D4 USART1 global interrupt

38 45 Programmable USART2 0x0000_00D8 UsART2 global interrupt

39 46 Programmable USART3 0x0000_00DC USARTS3 global interrupt

40 47 Programmable EXTI15_10 0x0000_00EO EXTI line [15:10] interrupted

41 48 Programmable RTCAlarm 0x0000_00E4 RTC alarm clock C?Srr;t?e Cthd to EXTlis inter-
42 49 Programmable TIM19 0x0000_OOES8 TIM19 global interrupt

43 50 | Programmable TIM8_BRK_TIM12 0x0000_00EC | 'MERS abort i”teig;'e‘ﬁ Lfg‘td TIMER12 global
44 51 | Programmable TIM8_UP_TIM13 0x0000_00F0 | ''MERS update i”tﬁ]rtfr'[r’fjst”d TIMER13 global
45 52 | Programmable | TIM8_TRG_COM_TIM14 | 0x0000_OoF4 | ''MERS Tﬁﬁg;ﬂ‘ggg}"ﬁ] rt‘g’r";‘ggt” interrupt
46 53 Programmable TIM8_CC 0x0000_00F8 TIMERS capture comparison interrupt

47 54 Programmable ADC3 0x0000_0O0FC ADC3 global interrupt

48 55 Programmable ESMC 0x0000_0100 ESMC global interrupt

49 56 Programmable SDIO 0x0000_0104 SDIO global interrupt

50 57 Programmable TIM5 0x0000_0108 TIM5 global interrupt
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51 58 Programmable SPI3 0x0000_010C SPI3 global interrupt

52 59 Programmable UART1 0x0000_0110 UART global interrupt

53 60 Programmable LPUART 0x0000_0114 LPUART global and wake-up interrupts

54 61 Programmable TIM6 0x0000_0118 TIM6 global interrupt

55 62 Programmable TIM7 0x0000_011C TIM7 global interrupt

56 63 Programmable DMA2 Channel 1 0x0000_0120 DMA2 Channel 1 Global Interrupt

57 64 Programmable DMA2 Channel 2 0x0000_0124 DMAZ2 Channel 2 Global Interrupt

58 65 Programmable DMA2 Channel 3 0x0000_0128 DMA2 Channel 3 Global Interrupt

59 66 | Programmable DMA2 Channel 4_5 0x0000_012¢c | DMAZ Channel 4 a”?ugtza””e' 5 Global Inter-

60 67 Programmable TIM15 0x0000_0130 TIMER15 global interrupt

61 68 Programmable TIM16 0x0000_0134 TIMER16 global interrupt

62 69 Programmable TIM17 0x0000_0138 TIMERL17 global interrupt

63 70 Programmable 12C3_EV 0x0000_013C 12C3 Event Interrupt

64 71 Programmable 12C3_ER 0x0000_0140 12C3 Error Interrupt

65 72 Programmable 12C4_EV 0x0000_0144 12C4 Event Interrupt

66 73 Programmable 12C4_ER 0x0000_0148 12C4 Error Interrupt

67 74 Programmable ETH 0x0000_014C Ethernet global interrupt

68 75 Programmable ETH_WKUP 0x0000_0150 Ethernet wake-up interrupt

69 76 Programmable RNG 0x0000_0154 RNG global interrupt

70 77 Programmable AES 0x0000_0158 AES global interrupt

71 78 Programmable CORDIC 0x0000_015C CORDIC global interrupt

72 79 Programmable DAC 0x0000_0160 DAC global interrupt

73 80 Programmable COMP1 0x0000_0164 COMP1 global interrupt

74 81 Programmable COMP2 0x0000_0168 COMP2 global interrupt

75 82 Programmable COMP3 0x0000_016C COMP3 global interrupt

76 83 Programmable COMP4 0x0000_0170 COMP4 global interrupt

7 84 Programmable UART2 0x0000_0174 UART?2 global interrupt

78 85 Programmable UART3 0x0000_0178 UARTS3 global interrupt

79 86 Programmable Reserved 0x0000_017C -

80 87 Programmable LPTIM 0x0000_0180 LPTIM global interrupt

81 88 Programmable OTG2_FS-WKUP 0x0000_0084 USB2 OTG FS wake-up via EXTI interrupt

82 89 Programmable OTG2_FS 0x0000_0088 USB2 OTG Global interrupt

83 90 Programmable CANL1 intl 0x0000_008C CANL1 Interruption 1

84 91 Programmable CAN2 int0 0x0000_0090 CAN2 Interrupt O

85 92 Programmable CAN2 intl 0x0000_0094 CAN2 Interrupt 1
13.2 External Extended Interrupt/Event Controller (EXTI)

The extended interrupt and event controller manages CPU and system wake-up functions through

configurable lines and direct input lines, and outputs the following request signals:

Event request, event input sent to the CPU

The wake-up request is sent to the power consumption management control module

EXTI wake-up requests allow the system to wake up from stop mode, and event requests can also

be used in run mode.

EXTI allows the management of up to 31 configurable and direct input lines (22 configurable and 9

direct input lines).

There are 31 edge detectors that can generate event/interrupt requests. There are 22 configurable

lines, and each input line can be independently configured with an input trigger mode (rising edge or
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falling edge or double edge trigger). 31 configurable lines and direct input lines, each input line can
be shielded independently. The suspend register holds the interrupt request for the configurable line.

13.2.1 Main features

The main features of the EXTI controller are as follows:

B Low power mode can be awakened via GPIO and designated modules (e.g. PVD/RTC, etc.)

B Configurable line
— Optional valid trigger edge (rising/falling edge)

— Interrupt pending status bits
— Independent interrupt and event masking bits
— SW trigger possibility

B Directinput line
— Fixed rising edge active trigger
— No interrupt suspend flag bit
— No independent interrupt and event mask bits
— No SW trigger possibility

13.2.2 Wake-up event management

This product can handle external or internal events to wake up the kernel (WFE). The wake-up event

can be generated by the following configuration:

B An interrupt is enabled in the control register of the peripheral, but not in the NVIC, while the
SEVONPEND bit is enabled in the system control register of the Cortex-M4F. When the CPU
recovers from the WFE, it is necessary to clear the interrupt suspend bit of the corresponding
peripheral and the peripheral NVIC interrupt channel suspend bit (in the NVIC interrupt clear sus-
pend register).

B Configure an external or internal EXTI line to event mode. When the CPU recovers from WFE,
because the suspension bit of the corresponding event line is not set, it is not necessary to clear
the interrupt suspension bit of the corresponding peripheral or the NVIC interrupt channel sus-
pension bit.

13.2.3 Function description

To generate an interrupt, the interrupt line must be configured and enabled first. The 22 configurable
lines set 2 trigger registers according to the required edge detection, while writing '1' to the corre-
sponding bit of the interrupt mask register allows interrupt requests. When the expected edge occurs
on the external interrupt line, an interrupt request will be generated, and the corresponding suspend
bit will be set '1' accordingly. The interrupt request will be cleared by writing '1' in the corresponding
bit of the suspend register. If you need to generate an event, you must first configure and enable the
event line. According to the required edge detection, the event request is allowed by setting 2 trigger
registers while writing '1' to the corresponding bit of the event mask register. When a desired edge
occurs on the event line, an event request pulse will be generated, and the corresponding suspend
bit will not be set to '1'. An interrupt/event request can also be generated by software by writing '1" in

the software interrupt event register.
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13.2.3.1 EXTI block diagram

exti
APB2 interface
Registers
apb2 clk g
» RCC
wkup_stop
SYSCF EXTI[15:0] N
Ll
G » PWR
Events [ Event
Sdftware Config triggers[21:0] ———» . “ :
Trigger Masking
Detect cpu_rxev v
EXTI[30:16] R >
Peri.
Interrupt| Interrupt . cPu
> ) cpu_int[30:0]
Masking >

13.2.3.2 Hardware interrupt selection

B Configure the mask bit of the interrupt line (EXTI_IMRx (x = 1, 2))

B Configuring trigger select bits (EXTI_RTSR and EXTI_FTSR) for the selected interrupt line;
13.2.3.3 Hardware event selection

B Configure the mask bit of the event line (EXTI_EMRx (x =1, 2))

B Configure the trigger select bits of the event line (EXTI_RTSR and EXTI_FTSR)

13.2.3.4 Selection of Software Interrupts/Events
B Configure interrupt/event line masking bits (EXTI_IMRx, EXTI_EMRXx; (x = 1, 2))
B Set the request bit of the software interrupt register (EXTI_SWIER)
13.2.4 External interrupt/event line mapping
86 general purpose I/O ports are connected to 16 external interrupt/event lines in the manner shown

below:
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TESYSCFG EXTICR1ZF 7228 RYEXTIO[3:0]4iL

PAQ O——
PBO O———»~
PCO O——
PDO O——]

PE0 O——
PFO O———]

FESYSCFG EXTICR1EF 77 83 HIEXTIL[3:0]43L

PAL O——
PB1 O——»~
pCl O——»~
PD1 O——]

PE1 O—
PF1 O—

FESYSCFG EXTICRAZF 7722 AUEXTI15[3:0)1i

PA15 OF———"
PB15 O
PC15 O——
PD15 O——»
PE15 O——

EXTIO

EXTI1

EXTI15

Note: To configure external interrupts/events on the GPIO line via SYSCFG_EXTICRX, the SYSCFG

clock must be enabled first.

Table13-1 EXTI lines connections

EXTI Line source Line Type
0-15 GPIO Configurable line
16 PVD Configurable line
17 RTC alarm events Configurable line
18 COMP1 Output Configurable line
19 COMP2 Output Configurable line
20 COMP3 output Configurable line
21 COMP4 output Configurable line
22 12C1 ev wake-up Direct input line
23 12C2 ev wake-up Direct input line
24 12C3 ev wake-up Direct input line
25 12C4 ev wake-up Direct input line
26 Reserved -
27 Reserved -
28 Reserved -
29 Reserved -
30 LPTIM1 wakeup Direct input line
31 ETH Wakeup event Direct input line
32 LPUART wake-up Direct input line
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33 USB1 OTG Wakeup event

Direct input line

34 USB2 OTG Wakeup event

Direct input line

13.3 TIMx registers

These registers must be accessed in 32 hits.

13.3.1 Interrupt Mask Register (0x00: EXTI_IMR1)
Address offset: 0x00
Reset value: 0xC3CO0 0000

31 30 20 | 28 | 27 | 26 25 24 23 22 21 20 19 18 17 16
IMR3L | IMR30 res IMR25 | IMR24 | IMR23 | IMR22 | IMR21 | IMR20 | IMR19 | IMR18 | IMR17 'Mgl
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
IMR15 | IMR14 | IMR13 [ IMR12 | IMR11 | IMR10 | IMR9 | IMR8 | IMR7 | IMRé | IMR5 | IMR4 | IMR3 [ IMR2 | IMRL | IMRO
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
IMRX (x = 31, 30): interrupt masking on line x
31: 30 IMRx (x = 31, 30) RW 2’h3 0: Mask interrupt request from line x;
1: Open interrupt request from line x
29: 26 Reserved - - -
IMRXx (x = 0-25): interrupt mask on line x
25:0 IMRX (x = 0-25) RW 26’h3C00000 0: Mask interrupt request from line x;
1: Open interrupt request from line x
13.3.2 Event Mask Register (0x04: EXTI_EMR1)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 | 27 | 26 25 24 23 22 21 20 19 18 17 16
EMR | EMR EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR
31 30 Res 25 24 23 22 21 20 19 18 17 16
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
EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR | EMR
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
EMRX (x = EMRXx (x = 31, 30): event masking on line x
31: 30 B RW 2’h0 0: Mask event requests from line x;
31, 30) ) .
1: Open event requests from line x.
29: 26 Reserved - - -
EMRX (x = 0- EMRX (x = 0-25): event masking on line x
25:0 25) - RW 26’h0 0: Mask event requests from line x;
1: Open event requests from line x.

13.3.3 Rising Edge Trigger Select Register (0x08: EXTI_RTSR)

Address offset: 0x08
Reset value: 0x0000 0000

31 [ 30 | 29 28 | 27 | 26 | 25 | 24 | 23 | 22 21 20 19 18 17 16
RTSR | RTSR | RTSR | RTSR | RTSR | RTSR
Res 21 20 19 18 17 16
RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RTS | RTSR | RTSR | RTSR | RTSR | RTSR | RTS | RTS | RTS | RTS | RTSR | RTSR | RTSR | RTSR | RTSR | RTSR
R15 14 13 12 11 10 R9 R8 R7 R6 5 4 3 2 1 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: 22 Reserved - - -
RTSRx (x = 0-21): rising edge trigger event configu-
ration bit on line x

21: 0 RTSRX (x = 0-21) RW 29'h0 0: Disable r.ising (?dge triggering (interrupts and
events) on input line x
1: Allow rising edge triggers on input line x (inter-
rupts and events)

13.3.4 Falling edge trigger select register (0x0C: EXTI_FTSR)

Address offset: 0x0C
Reset value: 0x0000 0000

31 | 30 [ 29 | 28 | 27 | 26 | 25 [ 24 [ 23 | 22 21 20 19 18 17 16
FTSR | FTS | FTS | FTS | FTS | FTS
Res 21 R20 | R19 | R18 | R17 | R16
RW RW | RW | RW | RW | RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FTSR | FTSR | FTFR | FTSR | FTSR | FTSR | FTS | FTS | FTS | FTS | FTSR | FTS | FTS | FTS | FTS | FTS
15 14 13 12 11 10 R9 R8 R7 R6 5 R4 R3 R2 R1 RO
RW RW RW RW RW RW RW | RW | RW | RW RW RW | RW | RW | RW | RW
Bit Name R/W Reset Value Function
31: 22 Reserved - - -
RTSRx (x = 0-21): falling edge trigger event config-
uration bit on line x
21:0 FTSRx RW 22'h0 0: Disable fgllmg gdge triggering (interrupts and
events) on input line x
1: Allow falling edge on input line x to trigger (inter-
rupts and events)

13.3.5 Software Interrupt Event Register (0x10: EXTI_SWIER)

Address offset: 0x10
Reset value: 0x0000 0000

31 | 30 [ 29 | 28 [ 27 | 26 | 25 | 24 | 23 | 22 21 20 19 18 17 16
SWIE | SWIE | SWIE | SWIE | SWIE | SWIE
Res R21 R20 R19 R18 R17 R16
RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIE | SWIE | SWIE | SWIE | SWIE | SWIE | SWI | SWI | SWI | SWI | SWIE | SWIE | SWIE | SWIE | SWIE | SWIE
R15 R14 R13 R12 R11 R10 | ER9 | ER8 | ER7 | ER6 R5 R4 R3 R2 R1 RO
RW RW RW RW RW RW RW | RW | RW | RW RW RW RW RW RW RW
Bit Name R/W Reset Value Function
31: 22 Reserved - - -
SWIERX (x = 0-21): Software interrupt on line x
When this bitis' 0 ', writing' 1 ‘will set the corre-
sponding pending bit in EXTI_PR. If the interrupt
21:0 SWIERX RW 22’h0 is allowed in EXTI_IMR and EXTI_EMR, an inter-
rupt will be generated at this time.
Note: This bit can be cleared to '0' by clearing the
corresponding bit of EXTI_PR (write '1").
13.3.6 Suspend register (Ox14: EXTI_PR)
Address offset: 0x14
Reset value: 0x000X XXXX
31 | 30 | 29 [ 28 | 27 | 26 | 25 | 24 | 23 | 22 21 20 19 18 17 16
PR21 | PR20 | PR19 | PR18 | PR17 | PR16
Res
RC_W1
15 | 14 [ 13 | 12 [ 12 [ 10 [ 9 | 8 | 7 T s 5 | 4 ] 3 1 2 ] 1 1T o
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PR15 ‘ PR14 ‘ PR13 ‘ PR12 ‘ PR11 ‘ PRlO‘ PR9 ‘ PR8 ‘ PR7 ‘ PR6 ‘ PR5 ‘ PR4 ‘ PR3 ‘ PR2 ‘ PR1 ‘ PRO

RC_W1

Bit

Name

R/W

Reset Value

Function

31: 22

Reserved

21:0

PRx

RC_W1

22 'hX

PRx (x = 0-21): pending bit

0: No trigger request occurred

1: A selected trigger request occurred
When a selected edge event occurs on the
external interrupt line, the bit is set to '1'.
Writing '1" in this bit can clear it, or it can be
cleared by changing the polarity of edge de-
tection.

13.3.7 Interrupt Mask Register (0x18: EXTI_IMR2)
Address offset: 0x18
Reset value: 0x0000 0007

31 | 30 [ 29 [ 28 | 27 [ 26 | 25 [ 24 | 23 | 22 [ 21 [ 20 [ 19 [ 18 [ 17 [ 16
Res.
15 [ 14 | 13 [ 12 | 12 [ 10 [ 9 | 8 [ 7 | &6 | 5 [ 4 ] 3 2 1 0
IMR34 | IMR33 | IMR32
Res
RW RW RW
Bit Name R/W Reset Value Function
31:3 Reserved - - -
IMRX (x = 34-32): interrupt mask on line
. ; X
2:0 IMRx RW 3h7 0: Mask interrupt request from line x;
1: Open interrupt request from line x
13.3.8 Event Mask Register (0x1C: EXTI_EMR?2)
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 [ 12 [ 20 [ 9 [ 8 [ 7 [ 6 | 5 [ 4 [ 3 2 1 0
EMR34. | EMR33 | EMR32
Res
RW RW RW
Bit Name R/W Reset Value Function
31:3 Reserved - - -
EMRXx (x = 34-32): event masking on line x
2:0 EMRx RW 3’h0 0: Mask event requests from line x;
1: Open event requests from line x.
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14. Analog-to-digital converters (ADC)
14.1 Introduction

A 12-bit ADC is an analog-to-digital converter using successive approximation. It has 20 multiplexed
channels and can convert analog signals from multiple external channels and multiple internal chan-
nels. The analog watchdog allows the application to detect whether the input voltage exceeds the user-
set high and low threshold. The A/D conversion of the individual channels may be configured in a
single, continuous, scanning, or intermittent conversion mode. The results of the ADC conversion can
be stored in a 16-bit data register in a left-aligned or right-aligned manner.
14.2 Main Features

m  High Performance:

— Configurable 12-, 10-, 8-and 6-bit resolutions

— Maximum ADC sampling rate: 4 Msps

— Self-calibration

— Programmable sampling time

—  The data register allows configurable data alignment

— Support DMA requests for regular channel data conversion

— Dual ADC Mode

— Configurable single-ended or differential inputs
®m  Oversampler

— 16 bits Data register

— Oversampling rate 2-256 adjustable

— Programmable data shift up to 8 bits
B Data preprocessing

— Gain compensation

— Offset compensation
B Dynamic low power consumption characteristics:

— Automatic delay transition mode: prevents overflow when operating with low frequency PCLK
B Analog input channel:

— ADC1 connects 14 external channels, 5 internal channels and 1 internal VSSA channel

— ADC2 connects 16 external channels, 3 internal channels and 1 internal VSSA channel

— ADC3 connects 15 external channels, 4 internal channels and 1 internal VSSA channel
B Start conversion method:

— By software

— Hardware triggering
B Conversion mode:

— Single-shot mode, which converts the selected input channel once per trigger;

— Scan mode, which can scan a series of channels;

— Acontinuous mode that continuously switches the selected input channel;
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— Discontinuous mode, each trigger continuously converts sub-sequence channels, and multi-
ple triggers until all channels are converted

— Synchronous mode (for devices with two ADCs).

Analog watchdog
Generation of interrupts:
— End of Sampling
— Transition End (Rule/Injection Channel)
— End of rule sequence or injection sequence conversion
— Simulated Watchdog 1, 2, 3 events
B ADC input range (select external reference voltage): VREF-< VIN < VREF +

14.3 Function description
14.3.1 ADC module block diagram

End of ) Flags Bt
na ot conversion
End of injected conversign. JEI?(g:C JEEOOC(l:lEE \ ABC Internupt to Ngc
Analog watchdog evat AWD... AWDIE /
Analog watchdog
Compare Result
High
Threshold(12
VREF-
’ Low ‘
VREF+ Threshold(12/8bits)
VREFBUF
VSSA
> Injected data registers > APB2
(4x16bits) BUS
1
Regular data registers
L »-
(16bits) =
ADCx_INO L
| DMA request
ADCx_IN1 | GPIO Up tod P
. Ports [ Injected I
ADC .IN channels
X n 1
= - A Analog to digital From ADC prescaler
v > Up tol6 Regular converter
REFINT . =
: channels
VBAT/3 » ‘
JEXTSEL[4:0] bits
Tim1 1RG0~ JEXTSEL[4:0] bits
TIM1 CH4 |
i iR TR
TIM2_CH1 | TMA4_CH3 IR E
—— TIM8_CH2
TIM4_TRGO I
Start trigger |
ExTis [ f——-"-"-—"-"7"- . _— N
(injected group) Start trigger
B3 (injected group)
EXTSEL[4:0] bits R RS
EXTSEL[4:0] bits WM IERE M\I\
TM2 CH3 |
TIM1 TRGO |
TIMI CH4 UmichH3 4
TIM8 CH1 |
TIM2_TRGO | | TIM8_TRGO Start trigger
TM2_CHI | . (regular group)
TIM3_CH4 Start trigger —_—
TUM4_TRGO (regular group) T2
EXTI11[ Trigger for ADC3

Figure 14-1 ADC module block diagram
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14.3.2 ADC1/2/3 connection relationship
The external channels of ADC1, ADC2, and ADC3 share some GPIO (channel configuration is set via

ADC_SQRx or ADC_JSQR), as shown in the figure below.

ADC1
<AD1 CHO>VSSA VINP<O? —
vssy mVINN<O> e i
CADC1 CHI> PAO Db VINP<L> A
VINNC<L>  fjdiidis
<ADC1 CH2> PAl [1 VINP<2) " —
VINNC2> By i
<ADC1 CH3> PA2 [1 VINPSS? — —e
VINNG3>  Byd i
VINP<4>
<ADC1 CH4> PA3 [1 . ¢
- VINNC4>  yd i
<ADC1 CH5>PB14 [} VIND<S) — —
VINNCGY> s il
<ADC1 CH6>PB12 [ VINP<6 - —
VINNCG> 83 iliE
<ADC1 CH7>PCl [? VINPST —— —e
VINNCT> 183 iliE
<ADC1 CH8> PC2 [} VINP<8) —— —e
VINNCS> 83 il il
VINP<O> VREF+
<ADC1 CH9> PC3 [1 NP9 ———— —
VINNCO> 83 i iE
10>
<ADC1 CH10> PFO [1 VINP<10 ¢ SAR
VINNCLIO> 483
VINP<11> ADC1
<ADC1 CH11> PCO [1 - ¢
- VINNCK11> i iliE
CADC1 CHI2> Bl 3 VINP<iz 4
VINNCI2) {85 i i VREF-
<ADC1 CHI3>PBI1 [ VINP<L3) — —
VINNC13> e s
<ADC1 CH14> PBO [1 VINP<14> —— —e
VINN<14> P2l s
V554 VINP<15>
<ADC1 CH15> OPA1 [1 - —e
VINNCI5> 48 o i i
VSSA
<ADC1 CH16> Vsense CF VINPe16) —
- SSE VINNCI6> 85 il
V55h VINPL17>
<ADC1 CH17>VBAT/3 [1 ¢
VINNCI7> 4830
VSSA
<ADC1 CH18>V i, VINPCIS —
- (eI VINNCIS> 18 i il
VSSA
VINP<19>
<ADC1 CH19> DAC1 [1 ——
VSSA VINNC19> f8id@iE

Figure 14-2 ADC1 channel connection relationship
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ADC2

VINP<O>
VINNCO>  igi iifiig
VINP<1>
VINNCL> i @i
VINP<2>
VINNC2> PRk i
VINP<3>
VINNG3> PR i
VINP<4>

<ADCR_CHO>VSSA
VSSA

<ADC2 CHI> ppo L

l

Lt
-

<ADC2_CH2> pAl €

l

<ADC2_CH3> PA6 [1

l

<ADC2_CH4> PAT [1

VINN<4>  fRis@TE
<ADC2 CH5> pC4 [ l VINP<S? — —e
VINNCGG> PR i iE
<ADC2_CH6> PB15 1 l VINP<6 g —e
VINNCG>  12iH JHiE
<ADC2 CH7>PCl [ l VINP<T —— —
VINNC?>  1@i#isiE
<ADC2 CH8> PC2 [ l VINP<8> —— —e
VINNCS>  1Eid i
VREF+
<ADC2 CH9> PC3 [ l VINP<9? — —e
VINNCO>  1Eid i iE
<ADC2 CH10> PF1 [1 l VINP<10> — —e A
VINNC10> 183 i@ iE SAR
<ADC2 CH11> PC5 LI l VINP<LL — G § ADC2
VINNC11> 12simiE
<ADC2_CHI2> ppo O3 L_gynean ‘ 4 .
VINNC12> |83 iEiE

VINP<13>

VINNC13> 18 iiliE

VINP<14>

VINNC14> 18 dEiE

VINP<15>

VINNCI5> 185 il

VINP<16>

VINNC16> 183 iE

VINP<17>

Vs Y INNIT> g i
VINP<18>

<ADC2 CHI8> OPA3 [} — G |
vssy m Y INCIS> 15 52 3 i

VINP<19>
VINNC19> T8 if @i

l

<ADC2_CH13> PA5 [1

l

<ADC2_CH14> PB11 [}

l

<ADC2_CH15> PCO L1

l

<ADC2_CH16> PA4 LI
VSSA

<ADC2_CH17> OPA2 [1

<ADC2_CH19> DAC2 L}

VSSA

Figure 14-3 ADC2 channel connection relationship
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Figure 14-4 ADC3 channel connection relationship
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14.3.3 ADC1/2/3 use restrictions

1.

Single ADC and dual ADC modes: Discontinuous mode (DISCEN), which does not support injec-

tion interrupt rules.

Single ADC and dual ADC modes: Automatic delay conversion mode (AUTDLY), which does not

support injection interrupt rules.

Single ADC and Dual ADC Modes: Automatic Injection (JAUTO) does not support Automatic De-
lay Conversion Mode (AUTDLY) mode

Single ADC and Dual ADC modes: Rule triggers during injection are ignored.

Single ADC and Dual ADC Modes: For single conversion mode, the software must set the rule

sequence length to 0.
Dual ADC mode (ADC3 does not have dual ADC mode):
a) The JEXTEN/JEXTSEL/EXTEN/EXTSEL/JADSTART/ADSTART of the Slave ADC must re-

main reset
b) Injection break rules are not supported when DUAL =7, 8, 9

c) When DUAL = 8, the sampling time can only be selected as 2.5, 3.5 and 6.5 ADC clock cy-

cles, and other sampling times cannot be configured.

14.3.4 Single-ended and differential input channels

The ADC channelcan be configured as a single-ended input or a differential input, configured by
DIFSEL in the ADC_DIFSEL register. When DIFSEL [x] (x = 0-19) is 1, the channel that is selected to
be converted is differential input mode, otherwise it is single-ended input mode.

Must be configured when the ADC is disabled (ADEN = 0). Note that the single-ended channel corre-
sponding to DIFSEL is always kept at 0.

In single-ended mode, the analog voltage of channel i (i = 0-19) is the difference between ADCy_INx
(VINP [i]) and VREF-.

In differential mode, the analog voltage of channel i (i = 0-19) is the voltage difference between
ADCy_INx (VINP [i]) and ADCy_INx+1 (VINN [i]).

In differential mode, the input voltage ranges from VREF-to VREF +, reaching a full scale of 2xVREF
+. When VINP [i] is equal to VREF - and VINN [i] is equal to VREF +, the maximum negative input
differential voltage (VREF -) corresponds to 0x000 output. When VINP [i] is equal to VREF + and
VINN [i] is equal to VREF -, the maximum positive input differential voltage (VREF +) corresponds to
the OXFFF output. When VINP [i] and VINN [i] are connected together, the zero input differential voltage
corresponds to the 0x800 output.

The ADC sensitivity in differential mode is twice less than in single-ended mode. Internal channels,
such as VSENSE and VREFINT, are in single-ended mode only.

For a complete description of each ADC input channel connection, see the relevant section description.
Warning:

When channel "i" is configured in differential input mode, its negative input voltage VINN [i] is already
connected to another channel, so this channel is no longer available for single-ended mode or differ-

ential mode, and conversion must not be configured. ADC1/ADC2/ADC3 share some channels: this
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may cause a channel on another ADC to be unavailable. The only exception is when the master ADC

and the slave ADC are operating in crossover mode.

14.3.5 ADC calibration

14.35.1

The ADC has a calibration function, which can be enabled by users through software. During calibra-
tion, the ADC calculates a calibration factor for use inside the ADC (lost after the ADC is powered
down). The application cannot use the ADC module during the ADC calibration and until the calibration
is complete. Before using ADC conversion, users are advised to perform calibration operations. Cali-
bration is used to eliminate offset errors and mismatch errors between chips due to process and tem-
perature changes.

ADC software calibration

The software sets ADCAL = 1 to start calibration. The calibration can only be started when the ADC is
not turned on (ADEN = 0), and only supports selecting the system clock as the clock of the ADC. The
calibration clock frequency is 1/4 of the normal conversion clock frequency. When the calibration is
complete, the ADCAL is cleared by the hardware.

When the operating conditions of the ADC change (VCC change is the main factor of offset error and
mismatch error, followed by temperature change), it is recommended to recalibrate.

The number of repetitions of the calibration process is configured by setting CALNUM [2: 0] in the
ADC_CFGR?2 register, and the results are averaged to get more accurate calibration results. (Note:
CALNUM cannot be 0 when the calibration average result is compensated to AD conversion)

The internal calibration register can be reset by setting the RSTCAL of ADC_CR, which is set to 0 by
a hardware clear. This bit is cleared after the calibration register is initialized (i.e., after RSTCAL is set
to 1).

Software procedure to calibrate the ADC.:

Confirm ADEN =0

Set RSTCAL (this step is optional);

Set the number of calibrations CALNUM (this step is optional);

Set ADCAL =1

The ADC internally automatically delays 192 ADC CLKs to wait for the ADC to stabilize;

Wait until ADCAL =0

o o M wbh PR
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Figure 14-5 ADC Calibration

14.3.6 ADC on-off control
The ADEN of the ADC_CR register is the enable switch of the ADC module. In order to save power,
when ADEN is 0, the ADC analog circuit will enter power-down mode.
Note: After the ADEN bit is set to 1, the hardware waits for a delay (tSTAB) of not less than 3 us before
converting.
By clearing the ADEN bit, the transition can be stopped and the ADC state can be reset, and the ADC
analog circuit can be put into power down mode.

14.3.7 Limits on Write ADC Control Bits
Only when the ADC is disabled (ADEN = 0) and there is no calibration (ADCAL = 0), the software
writes RCC to enable the ADC clock (see RCC section), the software can be configured:
B CALNUM for ADC_CFGR2
B RSTCAL, ADCAL, and ADEN in the ADC_CR register.
B ADC_CALFACT
For all registers except the above registers:
B The software is only allowed to write these control bits when the ADC does not have ongoing

rules and injection translations.

For the ADC_CCR register, software is allowed to write these control bits only when the ADC is disa-
bled (ADEN = 0).
Note: If the ADC registers are not configured as described in this section, the ADC behavior may be
in an unknown state. To recover from this situation, ADC must be disabled (ADEN cleared).

14.3.8 ADC clock
The ADC CLK and PCLK2 (APB2 clock) supplied by the clock controller are synchronized. The RCC
controller (CLK controller) provides a dedicated programmable prescaler for the ADC clock.

14.3.9 ADC channel selection
ADC1 has 14 external channels, 5 internal channels and 1 internal VSSA channel, where the internal
channels are:
® ADC1_CH15 connects OPA1
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ADC1_CH16 connects temperature sensor VSENSE,
ADC1_CH17 connects VCC/3,

ADC1_CH18 connects VREFINT,

ADC1_CH19 connects DACA1.

ADC2 has 16 external channels, 3 internal channels and 1 internal VSSA channel, where the internal

channels are:

B ADC2 CH17 connects OPA2,

B ADC2 CH18 connects OPA3,

B ADC2 CH19is connected to DAC2.

ADC3 has 15 external channels, 4 internal channels and 1 internal VSSA channel, where the internal

channels are:

B ADC3_ CH16 connects OPA3,

m ADC3 CH17 connects VCC/3,

B ADC3 CH18 connects VREFINT,

B ADC3 CH19is connected to DAC1.

ADCchannel selection can be configured through ADC_SQRx or ADC_JSQR. The correspondence

between configuration values and channels is described in the above chapter.

ADC divides conversions into two groups: rule conversions and injection conversions. Each group

contains a sequence of transformations that can be completed on any channel in any order. For ex-

ample, the sequence may be converted in the following order: ADC_IN3, ADC_IN8, ADC_IN2,

ADC_IN2, ADC_INO, ADC_IN2, ADC_IN2, ADC_IN15. All channels can be converted by injection or

regular channel group.

B Arule transformation group consists of up to 16 transformations. The regular channel of the con-
version sequence and its conversion order are selected in the ADC_SQRXx register. The sequence
length in the rule transformation group must be written L [3: 0].

B Aninjection conversion group consists of a maximum of 4 conversions. The injection channel and
its conversion order are selected in the ADC_JSQR register. The sequence length in the injection
translation group must be written to the JL [1: 0] bit. (Note: Unlike regular conversion sequences,
if the length of JL [1: 0] is less than 4, the sequence order of the conversion starts from (4-JL).)

14.3.10Forced stop of ADC

The software sets ADSTP = 1 in the ADC_CR register to stop the current conversion and let the ADC

enter the idle state to prepare for the next conversion.

When ADSTP is set to 1 by the software, any current transition is aborted and the transition result is

discarded (the ADC_DR register is not updated with the current transition value). Once the conversion

process is finished, ADSTP is cleared by hardware.
14.3.11Dynamic low power consumption characteristics
14.3.11.1 Automatic Delay Conversion Mode (AUTDLY)

The automatic delay conversion mode can be used to simplify software and optimize application per-

formance when running at low speeds. Of course, ADC overflow is not easy to occur in this mode. This

is a way to automatically adapt the speed of the ADC to the speed of the system that reads the data.
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Automatic delay conversion (AUTDLY) mode means that after one conversion of a regular channel,
you need to wait for the CPU/DMA to read away the data in the data register before starting the sam-
pling conversion of the next channel. If the CPU/DMA does not read the last converted data, the whole
sampling conversion cycle will not switch to the next channel, but will remain in a waiting state until the
last converted data is read and then the conversion will continue. If a regular channel trigger event
occurs during AUTDLY, the trigger event is ignored.
The AUTDLY mechanism supports all conversion modes of the regular channel. When the AUTDLY
flag bit is enabled, it indicates that the ADC conversion cycle needs to wait for the data register to be
read away before it can be carried out.
Note: AUTDLY mode does not support injection-triggered interrupt rule transformations.
14.3.12Conversion modes
14.3.12.1 Single conversion mode
In the single conversion mode, the ADC performs a conversion on a single channel, which can be run
in the rule group and the injection group. The SQL1 [4: 0] bit specifies the single conversion channel of
the ADC rule group, and the application should keep L as 0; When injecting a single transition channel,
the application should keep JL at 0. (Note: Unlike regular transition sequences, if the length of JL [1: O]
is less than 4, the sequence order of transitions starts from (4-JL).) The JSQ4 [4: 0] bit of the ADC_JSQR
register configures the injection group single transition channel.
When the ADEN bit is 1 and CONT, SCAN, and DISCEN/JDISCEN are all 0, the ADC will sample and
convert a channel once the corresponding external trigger occurs. (Note: Single-shot mode and contin-
uous mode cannot be enabled at the same time, that is, CONT is 0 in single-shot mode.)
B If a regular channel was converted:
When the sampling is finished, EOSMP is generated, and if EOSMPIE is set, an interrupt is generated.
-The conversion data is stored in the 16-bit ADC_DR register
After the conversion is completed, the EOC (conversion end) flag is set
-If EOCIE is set, interrupt is generated.
B If an injected channel is converted:
When the sampling is finished, EOSMP is generated, and if EOSMPIE is set, an interrupt is generated.
-Conversion data is stored in a 16-bit ADC_JDRX (x = 1-4) register
JEOC (Injection Conversion End) flag is set after the conversion is completed
-If JEOCIE bit is set, an interrupt is generated.
After the rule sequence is complete:
B Setthe EOS (End of Rule Sequence) flag
B If the EOSIE bit is set, an interrupt is generated
After completion of the injection sequence:
B Setthe JEOS (End of Injection Sequence) flag
m If the JEOSIE bit is set, an interrupt is generated

212/1101



PY32E407 Reference Manual

14.3.12.2 Continuous conversion mode

In the continuous conversion mode, the ADC continuously converts the selected channel, and this

mode can be run in the rule group. When the sampling is finished, EOSMP is generated, and if

EOSMPIE is set, an interrupt is generated.

B Regular Channel Group: The successively converted channels are set by the SQ1 [4: 0] bit.

B Injection channel group: only a single conversion is performed, and the converted channel SQx
[4: 0] (x = 1-4) is set. Note: Unlike regular transformation sequences, if the length of JL [1: 0] is
less than 4, the sequence order of the transformation starts from (4-JL)

When the ADEN bit is 1 and the CONT is 1, the ADC samples and converts the selected channel once

the corresponding external trigger occurs.

m If a regular channel was converted:

-The conversion data is stored in the 16-bit ADC_DR register
After the conversion is completed, the EOC (conversion end) flag is set
-If EOCIE is set, interrupt is generated.
B If an injected channel is converted:
-Conversion data is stored in a 16-bit ADC_JDRX (x = 1-4) register
JEOC (Injection Conversion End) flag is set after the conversion is completed
-If JEOCIE bit is set, an interrupt is generated.

After the sequence of conversions is complete:

B Set the EOS (End of Sequence) flag

m |f the EOSIE bit is set, an interrupt is generated

The new sequence is then immediately restarted, and the ADC continuously repeats the switching

sequence.

After completion of the injection sequence:

B Setthe JEOS (End of Injection Sequence) flag

m |f the JEOSIE bit is set, an interrupt is generated

Note: You cannot enable intermittent conversion mode and continuous mode at the same time: it is

forbidden to set JDISCEN/DISCEN = 1 and CONT = 1 at the same time. The injected channel does

not support continuous conversion mode.
14.3.12.3 Scan mode

When scanning conversion mode, the ADC continuously converts all channels of a selected sequence.

This mode can be run in the rule group and the injection group. ADC_SQRXx specifies a regular se-

guence length and all conversion channels, where the L [3: 0] bit specifies the sequence length. The

ADC_JSOR register specifies an injection group sequence length and all conversion channels, where

the JL [1: O] bit specifies the sequence length (Note: Unlike regular conversion sequences, if the length

of JL [1: O] is less than 4, the sequence order of conversion starts from (4-JL)). When the sampling is
finished, EOSMP is generated, and if EOSMPIE is set, an interrupt is generated.

When the ADEN bit is 1 and the SCAN is 1, the ADC samples and converts a sequence once the

corresponding external trigger occurs.

B [f a sequence of rules is converted:
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-The conversion data is stored in the 16-bit ADC_DR register

The EOC (End of Conversion) flag is set after the completion of each channel conversion, and

the EOS flag is set after the completion of the entire sequence conversion.

-If EOCIE is set, an interrupt is generated, if EOSIE is set, an interrupt is generated.
B If an injection sequence is converted:

-Conversion data is stored in a 16-bit ADC_JDRX (x = 1-4) register

JEOC (End of Injection Transition) flag is set after each channel transition is completed, and

JEOS flag is set after the entire sequence transition is completed.

-If JEOCIE bit is set, an interrupt is generated. An interrupt is generated if JEOSIE is set.

14.3.12.4 Discontinuous mode

In the intermittent conversion mode, the ADC divides the selected sequence into sub-sequences (se-
guence length 1-8), and completes the whole sequence conversion by externally triggering the sub-
sequences many times. This mode can be run in the rule group and the injection group. DISCNUM
specifies the regular channel subsequence length, and ADC_SQRx (x = 1-4) specifies all conversion
channels of a regular sequence, where L [3: 0] bits specify the sequence length. The ADC_JSQR
register specifies all translation channels of an injection group sequence, where the JL [1: 0] bit spec-
ifies the sequence length (Note: Unlike regular translation sequences, if the length of JL [1: O] is less
than 4, the sequence order of translations starts from (4-JL)). When the sampling is finished, EOSMP
is generated, and if EOSMPIE is set, an interrupt is generated.
Note: The subsequence of the injection channel group is 1. In this mode, DISCEN and JDISCEN are
prohibited from being enabled at the same time
B Regular group
An external trigger signal initiates the ADC_SQRXx (x = 1-4) description channel n (n < = 8) transitions
untilall transitionsin this sequence are complete. The total sequence length is defined by L [3: 0].
For example:
n = 3, transformed channels =0, 1, 2, 3,6, 7,9, 10
First trigger: The sequence of transitions is 0, 1, 2, and an EOC event is generated at the end of each
channel transition.
Second trigger: The sequence of transitions is 3, 6, 7, and an EOC event is generated at the end of
each channel transition.
Third trigger: The sequence of transitions is 9 and 10, and the end of each channel transition generates
an EOC event. The end of the sequence produces an EOS event.
Fourth trigger: Transition sequence 0, 1, 2, EOC event is generated at the end of each channel tran-
sition.
Note: When a rule group is converted in discontinuous mode, the conversion sequence does not au-
tomatically start from the beginning. When all subgroups have been converted, the next trigger initiates
the conversion of the first subgroup. In the above example, the fourth trigger re-switches channels
0, 1 and 2 of the first subset.

B Injected group
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An external trigger signal initiates 1 transition of the ADC_JSQR description channel until all transitions
in the sequence are completed. Total sequence length JL [1: O] bit definition.
Examples include:
n = 1, channel being converted = 1, 2, 3
Firsttrigger: Channel 1 is converted, and the end of each channel conversion generates a JEOC event.
Second trigger: Channel 2 is converted, and the end of each channel conversion produces a JEOC
event.
Third trigger: Channel 3 is converted, and the end of each channel conversion produces a JEOC event.
The end of the sequence produces a JEOS event.
Fourth trigger: Channel 1 is converted, and the end of each channel conversion generates a JEOC
event.
Notes:
1 When all injection channel transitions are completed, the next trigger starts the transition of the first
injection channel. In the above example, the fourth trigger re-switches the first injection channel 1.
2 Automatic injection and intermittent modes cannot be used simultaneously.
3 You must avoid setting discontinuous mode for rules and injection groups at the same time. The
discontinuous mode can only act on one set of transitions.

14.3.13Injected channel management
The injection channel external trigger has a higher priority than the regular channel external trigger,
that is, the injection channel external trigger can interrupt the ongoing regular channel transition. The
injection channel is interrupted in two ways: triggered injection and automatic injection.

14.3.13.1 Triggered injection
In the process of executing a rule sequence, the ADC detects an external trigger of the injection chan-
nel, and interrupts the channel that the current rule sequence is converting, and starts to execute the
injection sequence conversion. When all the injection sequences are converted, the ADC restores the
interrupted rule channel and completes the rule sequence conversion.
ADC_SQRx (x = 1-4) specifies a regular sequence of all conversion channels, where L [3: 0] bits
specify the sequence length. The ADC_JSQR register specifies all transition channels of an injection
group sequence, where the JL [1: 0] bit specifies the sequence length. Note: Unlike regular translation
sequences, if the length of JL [1: 0] is less than 4, the sequence order of the translation starts from (4-
Ju).
Note: JAUTO must be 0 when injection is triggered. A rule trigger event occurs during an injection
channel transition, which transforms after the injection channel is completed, that is, starts the rule
sequence from scratch instead of resuming the interrupted rule channel. When the sampling is finished,
EOSMP is generated, and if EOSMPIE is set, an interrupt is generated.
(Note: Discontinuous mode does not support trigger injection; AUTDLY function is not supported when
trigger injection; When rule trigger and injection trigger occur simultaneously, rule trigger is discarded

and only injection trigger is executed; rule trigger during injection is ignored.)
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Figure 14-6 ADC Trigger Injection (Scan Mode)
14.3.13.2 Auto-injection

In automatic injection mode, the ADC automatically performs injection sequence conversion after com-

pleting a regular sequence. JAUTO enables the auto-injection mode bit. ADC_SQRX (x = 1-4) specifies
a regular sequence of all conversion channels, where L [3: 0] bits specify the sequence length. The
ADC_JSOR register specifies all transition channels of an injection group sequence, where the JL [1:
0] bit specifies the sequence length. When the sampling is finished, EOSMP is generated, and if
EOSMPIE is set, an interrupt is generated.

For automatic injection in non-oversampling mode, after the injection sequence is finished, JEOS and
EOS are set.

For automatic injection in oversampling mode, after the end of the regular sequence, EOS is set, and
after the end of the injection sequence, JEOS is set.

(Note that this mode must disable the external trigger of the injection channel; you can't use auto-

injection and intermittent modes at the same time; auto-injection does not support AUTDLY mode)
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Figure 14-7 ADC automatic injection (CONT + SCAN + JAUTO)

14.3.14Analog watchdog
Three AWD analog watchdogs monitor whether the ADC channel remains within the configured volt-

age range (window)

EMEE
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EIX 35
RE{E LTR

Figure 14-8 Simulated watchdog protection area

14.3.14.1 AWDx flags and interrupts
Interrupts can be enabled for each of the 3 analog watchdogs by setting AWDXIE (x = 1, 2, 3) in the
ADC_IER register. The AWDx (x = 1, 2, 3) flag is cleared by the software writing 1. The ADC conver-
sion results were compared to low threshold, high threshold before data alignment.

14.3.14.2 Analog Watchdog 1 Description
Enable AWD simulation watchdog 1 via the set JAWD1EN/AWDI1EN bit. This watchdog monitors
whether a selected injection/rule channel or all enabled injection and rule channels remain within the
configured voltage range (window).
The following table shows how the ADC_CFGR register should be configured to enable analog watch-

dogs on one or more channels.

Table 14-1 Analog watchdog channel selection

Channels to be guarded AWDISGL bit AWDIEN bit JAWDIEN bit
by analogwatchdog

None X 0 0

All injected channels 0 0 1

All regular channels 0 1 0

All rules and injection chan- 0 1 1

nels
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Single injection channel 1 0 1
Single regular channel 1 1 0
::erlwgle rule/injection chan- 1 1 1

1. When AWD1SGL is selected by AWD1CH [4: 0], the watchdog protects the channel, and the protected

channel shall be converted in a regular or injection sequence.
If the analog voltage converted by the ADC is lower than the low threshold or higher than the high thresh-
old, the AWD1 analog watchdog status bit is set. These thresholds are written in bits HT1 [11;: O] and LT1
[11: O] of the ADC_TR1 register of the analog watchdog 1. When transforming data with a resolution less
than 12 bits (according to bit RES [1: 0]), the LSB of the threshold must be kept at 0 because internal com-
parisons are always performed on the full 12-bit raw transformed data (left-aligned).

The following table describes how the comparison is performed for all possible resolutions of the sim-

ulated watchdog 1.

Table 14-2 Simulated Watchdog 1 Comparison

Analog watchdog comparison between:
Resolution (RES [1: 0]) Original trar_lsformatlon Thresholds Description
left aligned
00: 12 bit DATA [11: 0] LT1[11: 0] and HT1[11: 0] | -
01: 10bit The user must configure
DATA [11: 2], 00 LT1[11: 0] and HT1[11: 0] | LT1 [1: O] and HT1 [1: 0] to
00
10: 8 bit The user must configure
DATA [11: 4], 0000 LT1[11: 0] and HT1[11: 0] | LT1 [3: 0] and HT1 [3: O] to
00
11: 6bit The user must configure
DATA [11: 6], 000000 LT1[11: 0] and HT1[11: 0] | LT1 [5: O] and HT1 [5: 0] to
00

1. For more details on analog watchdog comparisons, see the "Gain Compensation" section.
14.3.14.3 Analog Watchdog Filter for Watchdog 1
When the ADC is configured with only one input channel (multiple channels are not allowed to be
selected in scan mode), the valid ADC conversion data interval can be configured through the
ADC_TR1 register:
B When the conversion result exceeds the configured high/low threshold, but is within the interval
defined in ADC_TR1, a DMA request is generated for each conversion result (if DMA is enabled).
B Otherwise, no DMArequest is issued (i.e., multiple consecutive transition results exceed the con-
figured threshold and exceed the interval, and the transition result exceeding the interval does
not produce a DMA request (if DMA is enabled)). The RDATA register is updated with each con-
version. If the data is out of range several times higher than the value specified in the AWDFILT
bit of ADC_TR1, the AWDx flag is set and the corresponding interrupt is generated.
14.3.14.4 Description of Watchdogs 2 and 3
The 2nd and 3rd analog watchdogs are more flexible and can protect several selected channels by
programming the corresponding bits in AWDxCH [19: 0] (x = 2, 3). When any bit of AWDxCH [19: O]
(x = 2, 3) is set, the corresponding watchdog is enabled. They are limited to a resolution of 8 bits, and
only a threshold of 8 MSBs can be programmed as HTx [7: 0] and LTx [7: 0] (x = 2-3). The following

table describes how the comparison is performed for all possible resolutions.
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Table 14-3 Simulated Watchdog 2 and 3 Comparison

Analog watchdog comparison between:

Resolution (RES [1: 0]) Original transformation Thresholds Description
left aligned
00: 12 bit DATA [11: 4] LTx [7: 0] and HTx [7: 0] Data [3: 0] is not relevant to
the comparison
01: 10 bit DATA [11: 4] LTX [7: 0] and HTx [7: O] ?ata [3: 2].are not relevant
or comparison
DATA [11: 4] LTx [7: 0] and HTx [7: O] -

The user must configure
LTx [1: 0] and HTx [1: O] to
00

DATA [11: 6], 00 LTx [7: 0] and HTx [7: O]

14.3.14.5

ADCy_AWDx_OUT signal output generation

Each analog watchdog is associated with an internal hardware signal ADCy_AWDx_OUT (y=1, 2, 3;

x =1, 2, 3), which is directly connected to the ETR input (externally triggered) of some on-chip timers.

Refer to the on-chip timer section to learn how to select the ADCy_AWDx_OUT signal as the ETR.

ADCy AWDXx_OUT is activated when the associated analog watchdog is enabled:

B When the protected transition exceeds the programming threshold, ADCy AWDx_OUT is set.

B ADCy_ AWDx_OUT resets after the end of the next guard transition within the threshold (remains
at 1 if the next analog watchdog channel transition is still outside the programmed threshold).

B When the ADC is disabled (when ADEN =0 is set), ADCy_AWDx_OUT is reset. Note that stopping
rules or injected transformations (setting ADSTP = 1) have no effect on the generation of
ADCy_AWDx_OUT.

Note: The AWDXx flag is set by the hardware and reset by the software: the AWDx flag has no effect

on the generation of ADCy_AWDx_OUT (for example, if the software does not clear AWDx, the AWDx

flag remains at 1 and the ADCy_AWDx_OUT can be flipped).

Table 14-4 ADCy_AWDx_OUT connection relationship

ADC1_AWDx_OUT ADC2_AWDx_OUT ADC3 AWDx_OUT
AWD1 AWD?2 AWD3 AWD1 AWD?2 AWD3 AWD1 AWD2 AWD3
timl_etr5 timl_etr6 timl_etr7 tim3_etr8 | tim3_etr9 | tim3_etrl0 | tim8_etr8 | tim8_etr9 | tim8_etr10
- - - tim8_etr5 | tim8_etr6 | tim8_etr7 - - -
14.3.14.6 Analog watchdog with gain and offset compensation

When gain and offset compensation are enabled, the analog watchdog compares thresholds after
compensating the data.

Note: When offset compensation is enabled (OFFSETy_EN in the ADC_OFRYy register is set to 1),
data overflows or underflows can result in false watchdog results. When overflow protection is enabled
(with SATEN set to 1 in ADC_OFRYy), the watchdog provides the correct results. But this prevents the

use of signed data format.

14.3.15Data processing

14.3.15.1

Data alignment

The ALIGN bit in the ADC_CFGR register is used to select the alignment mode of the data stored after
conversion. You can choose left alignment and right alignment. The converted data value has been
subtracted from the custom offset in the ADC_OFRYy register, so the result can be a negative value.

The SEXT bit represents the extended sign value.
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Special case: When left alignment, except for the resolution of 6 bits, other resolution data are aligned
on a half-word basis. At a resolution of 6 bits, the data is aligned on a byte basis.

Note: Left alignment is not supported in oversampling mode. When the ROVSE or JOVSE bit is set,
the ALIGN bit value is ignored and the ADC only provides right-aligned data.

14.3.15.2 offset

An offsety (y =1, 2, 3, 4) can be applied to the channel by setting OFFSETy _EN =1 in the ADC_OFRy
register. The application can select the offset channel by bit OFFSETy_CH [4: 0] of the ADC_OFRy
register. In this case, the conversion result is subtracted by the user-defined offset in OFFSETy [11:
0], and the result may be negative, so the read data is signed and the SEXT bit represents the extended
sign value.

Note: offset is not supported in oversampling mode. When the ROVSE or JOVSE bit is set, the value
of the OFFSETy_EN bit in the ADC_OFRYy register is ignored (considered a reset).

The following table describes how to perform comparisons for all possible resolutions of offset.

Table 14-5 Offset calculated values vs Data resolution

Raw conversion result and offset subtrac-
. ) tion
Resolutlc())?) (RES [1: Original conversion Result Description
result Offset
Left alignment

00: 12 hit DATA [11: 0] OFFSET [11: 0] Signed 12bit number -
The user must con-
01: 10bit {DATA [11: 2], 00} OFFSET [11: 0] Signed 10bit number | figure OFFSET [1: 0]

=00
The user must con-
10: 8 bit {DATA [11: 4], 0000} OFFSET [11: 0] Signed 8-bit number | figure OFFSET [3: 0]
= 0000
. The user must con-
11: 6bit {DATA [11. 6], OFFSET[11:0] | Signed 6-bit number | figure OFFSET [5: 0]
000000} — 000000

When reading data from ADC_DR (regular channel) or ADC_JDRYy (injection channel, y = 1, 2, 3, 4)

corresponding to channel "i":

B If one of the offsets of the corresponding channel is enabled (bit OFFSETy_EN = 1), the data is
read signed.

B If none of the four offsets for this channel are enabled, the read data is unsigned.

The following figure shows signed and unsigned data alignment.

220/1101



PY32E407 Reference Manual

Lotk
bitl5 bit? bit0
ol o] o ofpix|po]| o | s | 7| 6| s | paf 3| opz]| pr]| po
104 HHE
bitlh bit7 bit0
0 0 0 0 0 0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
S
bitl5 bit? bit0
olo]o] ol o] o] ofo]Dpr|p6|D5]| DafD3]|D2]| DIJ DO
o 52
bitlh bit? bitQ
ololololo]o]ofofofofops|opsafop3|opz] pr]| no
Figure 14-9 right-aligned (offset not enabled, unsigned number)
124 ¥4
bitl5 bit7 bit0
SAS IS S {oir|vw]| oo | s | nr|ve| s | pafvs|ope]| o] no
EXT | EXT | EXT | EXT
A
bitlh bit? bit0
s s s s s | s
ext | ext | exr | exr | exe | pxr D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
N
bitlh bit? bit0
S- S- S- S- S- S- S- S-
EXT | EXT | EXT | EXT | EXT | EXT | EXT | EXT b7 b6 b5 D4 b3 b2 b1 bo
L
bitl5 bit? bitQ
S- S- S- S— S- S- S- S- S- - ;
EXT | EXT | EXT | EXT | EXT | EXT | EXT | EXT | EXT 0 D5 D4 b3 b2 b1 bo
_ V2=
Figure 14-10 right aligned (offset enabled, signed number)
o
bitl5 bit7 bi t0
pi1 | p1o| b9 [ p8 | b7 | b6 | b5 [ pa | D3| 2| D1 [DO| 0] 0o of 0
bitl5 bit7 bit0
p9 | 8 | b7 [ pe | b5 | pa | 32| DI DO] O] 0of of 0] o] o
N
bitlh bit7 bit0
p7 | b6 | s [ pa | D3| b2 | D1 fDOo| o] o of o] o] o] ofo
o
bitlh bit7 bit0
ololofo] oo ofofmDps]palDp3|oDp2]DI]DO]| 0Ff O

Figure 14-11 left aligned (offset not enabled, unsigned number)
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bitlh bit7 bit0

D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0

bitld bit7 bit0

EXT D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0 0 0

QA Hh
bitld bit? bit0

D7 D6 D5 D4 D3 D2 D1 DO 0 0 0 0 0 0 0

EXT

bitld bitT? bitQ
N N N Ne S- N N Ne S-
EXT | EXT | EXT | EXT | EXT | EXT | EXT | EXT | EXT

D5 D4 D3 D2 D1 DO 0

S—EXT- iE Ek/‘v =) {; [+

Figure 14-12 left aligned (offset enabled, signed number)

14.3.15.3 Gain compensation
When the ADC_CFGR2 register GCOMP bit is set, all converted data is gain compensated. After each
conversion, the data will be calculated using the following formula.

DATA = DATA (adc result) x (GCOMPCOEFF)/4096

Since GCOMPCOEFF ranges from 0-16383, the actual gain compensation factor ranges from O-
3.999756.
The calculated LSB - 1 values are rounded and the error is minimized before the resulting data is
stored in the RDATA or JDATAX register.
Gain compensation is also effective for oversampling. When gain compensation is used in the over-
sampling mode, the gain calculation is performed after the accumulation and right shift operation to
minimize power consumption (the gain calculation is only done once, not every transition).

14.3.15.4 Offset compensation
Whenthe offset isenabledwhilethe SATEN bit is set in the ADC_OFRYy register, the data is unsigned.
All offset data is saturated at 0x000 (at 12-bit resolution). When the OFFSETPOS bit is set, the offset
direction is positive and the data is saturated at OXFFF (at 12-bit resolution). In 8-bit resolution, the
data is saturated at 0x00 and OXFF, respectively.
After offset and gain compensation, an analog watchdog comparison is performed on the unsigned
number. For proper watchdog operation, offset-compensated data must be in unsigned format (the
SATEN bit in the ADC_OFRYy register is set to 1).

14.3.16 Oversampler
The oversampling unit performs data preprocessing to offload the CPU computation load. It can handle
multiple conversions and average them into a single data (increasing the data width up to 16 bits).

The oversampler provides the following formula, where N and M can be adjusted:
n=N-1

1
Result = T X Z Conversion(t,)

n=0
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The oversampler allows the following functions to be performed by hardware: averaging, reducing data
rate, improving signal-to-noise ratio, basic filtering.

The oversampling rate N is defined by the OVSR [2: 0] bit in the ADC_CFGR2 register and can be
adjusted in the range of 2x to 256x. The division coefficient M is implemented by a right shift, up to 8
bits. And is defined using the OVSS [3: 0] bit in the ADC_CFGR2 register.

The summing unit can produce a result of up to 20 bits (256 x 12-bit result), which is first shifted to the
right. It is then truncated to 16 least significant bits before final transfer to the ADC_DR data register,
rounding the least significant bits left by the shift to the nearest value.

Note: If the shifted intermediate result exceeds 16 bits, the result is truncated as is without saturation.

19 15 11 7 3

Raw 20-bit data

Shiting — i

Truncation and rounding

Figure 14-13 20 bits ~ 16 bits result truncation

The figure below gives a numerical example of processing, from the raw 20-bit accumulated data to
the final 16-bit result.

19 15 11 7 3
Raw 20-bit data 3 B 7 D 7

Shiting — 1>

Final result after 5-bit shift
and rouding to nearest 1 D B F

Figure. 14-14 Numerical example with 5-bit shift and rounding
The table below gives the data formats for various N and M combinations where the raw converted

data is OxFFF.

Table 14-6 Maximum Output Results vs. N and M (gray cells indicate truncation)

No-shift 1-bit 2-bit 3-bit 4-bit 5-bit 6-bit 7-bit 8-bit
Over shift shift shift shift shift shift shift shift
sampling Max _ | OVSS= | 0OVSS= | 0OVSS=|0VSS= | 0OVSS=| 0OVSS=| OVSS=| OVSSsS =
. Raw data | OVSS =
ratio 0000 0001 0010 0011 0100 0101 0110 0111 1000
2X OX1FFE | Ox1FFE | OXOFFF | Ox0800 | 0x0400 | Ox0200 | Ox0100 | 0x0080 | Ox0040 0x020
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4x Ox3FFC | Ox3FFC | OX1FFE | OXOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100 | 0x0080 | 0x0040
8x Ox7FF8 | Ox7FF8 | Ox3FFC | OX1FFE | OXOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100 | 0x0080
16x OXFFFO | OXFFFO | Ox7FF8 | Ox3FFC | OX1FFE | OXOFFF | 0x0800 | 0x0400 | 0x0200 | 0x0100
32x Ox1FFEO | OXFFEO | OXFFFO | OX7FF8 | Ox3FFC | Ox1FFE | OXxOFFF | 0x0800 | 0x0400 | 0x0200
64x O0x3FFCO | OXFFCO | OXFFEO | OXFFFO | OX7FF8 | OX3FFC | OX1FFE | OXOFFF | 0x0800 | 0x0400
128x 0x7FF80 | OXFF80 | OXFFCO | OXFFEO | OXFFFO | OX7FF8 | OX3FFC | OX1FFE | OXOFFF | 0x0800
256x OxFFFOO | OXFFOO | OXFF80 | OXFFCO | OXFFEO | OXFFFO | Ox7FF8 | Ox3FFC | OX1FFE | OXOFFF

There is no change in the transition timing in oversampling mode: the sampling times remain equal

throughout the oversampling sequence. Every N transitions provide a new data, delayed by N x
TCONV = N x (tSMPL + tSAR) equivalent. The flags are set as follows:

14.3.16.1

The end of sampling phase (EOSMP) is set after each sampling phase

End of Transition (EOC) occurs every N transitions when oversampling results are available
The end of sequence (EOS) occurs after the completion of the oversampled data sequence (i.e.
after the N x total sequence length conversion)

ADC operating modes not supported during oversampling (single ADC mode

and dual ADC mode)

In oversampling mode, injection break rules are not supported.

14.3.16.2

Supported ADC operating modes when oversampling (single ADC mode)

In oversampling mode, most ADC operating modes remain the same:

Single mode/continuous mode conversion

Initiate ADC conversion via software or external trigger

STOP ADC DURING TRANSFOR

Read data via CPU/DMA

Low Power Mode (AUTDLY)

Programmable resolution:The result of the non-12-bits resolution conversion (according to the
RES [1: 0] bit in the ADC_CFGR register) is accumulated, truncated, rounded, and shifted in the

same manner as the 12-bit conversion.

Note: Data alignment is not available when using oversampled data. The ALIGN bit in ADC_CFGR is

ignored and the data is always provided right-aligned. Offset correction is not supported in over-
sampling mode. When the ROVSE or JOVSE bit is set, the value of the OFFSETyY_EN bit in the

ADC_OFRYy register is ignored (treated as a reset).

14.3.16.3

Analog watchdog

The simulated watchdog functionality (AWD1SGL, AWD1EN, JAWDI1EN) is maintained with the fol-

lowing differences:

Ignore the RES [1: 0] bit and always use the full 12-bit values HT [11: 0] and LT [11: O] for com-
parison

Comparison is performed on the most significant 12 bits of the 16-bit oversampling result
ADC_DR [15: 4]

Note: Caution must be taken when using high shift values, which reduces the comparison range. For

example, if the oversampling result is shifted by 4 bits, resulting in 12 bits of data right-aligned, a valid
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analog watchdog comparison can only be performed on 8 bits. A comparison is made between
ADC_DR [11: 4] and HT [0: 7)/LT [0: 7], and HT [11: 8]/LT [11: 8] must be reset.

14.3.16.4 Trigger Mode
The averager can also be used for basic filtering. While not a very powerful filter (slow roll-off and
limited stopband attenuation), it can be used as a notch filter to suppress constant parasitic frequencies
(usually from mains or switched mode power supplies). For this purpose, a specific discontinuity mode
can be enabled using the TROVS bit in ADC_CFGR2 in order to be able to have an oversampling
frequency defined by the user and independent of the transition time itself.
The diagram below shows how the transition is initiated in response to a trigger in intermittent mode.
If the TROVS bit is set, the contents of the DISCEN bit are ignored and treated as 1.

CONT=0
DISCEN=1
TROVS=0
LTrigger Trigger
Ch(N)o ‘ Ch(N)1 ‘ Ch(N)2 ‘ Ch(N)3 ‘ Ch(N)O ‘ Ch(N)1 ‘ Ch(N)Z‘ Ch(N)3 ‘
CONT=0 lEOC flag set EOC flag set l
DISCEN=1
TROVS=1
Trigger Trigger Trigger Trigger Trigger Trigger Trigger Trigger
cnvo || cn || e \ Ch(N)3 \ cnmo | | anun || e ‘ chin)3 ‘
EOC flag set EOC flag set

Figure 14-15 Oversampling mode triggering for rules (TROVS bit = 1)
14.3.16.5 Oversample regular channels only

The regular oversampling pattern bit ROVSM defines how a regular oversampling sequence is re-

stored if the sequence is interrupted by the injected transition:

B In continuous mode, the accumulation restarts from the last regular channel valid data (the trigger
of the injection causes the previous transition to abort). This ensures that oversampling will be
done regardless of the injection frequency (providing at least one rule transition between triggers
to be done);

B In recovery mode, accumulation restarts from O (previous conversion results are ignored). This
mode allows to guarantee that all data used for oversampling is converted back-to-back within a
single time slot. Care must be taken to make the injection trigger period longer than the over-
sampling period length. If this condition is not obeyed, the oversampling will not be completed

and the rule sequence will be blocked.
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Trigger

Regular channels | Ch(N)O | Ch(N)1 | Ch(N)2| Ch(N)3 | Ch(M)O| Ch(M)1| Ch(M)2| Ch(M)3| Ch(0)0|

Continued mode:ROVSE=1,JOVSE=0,ROVSM=0,TROVS=X

Trigger

Regular channels

Ch(N)O | Ch(N)1 | Ch(N)2| Ch(N)3 | Ch(M)O| Ch(M)1| Ch(M)2| Ch(M)3| Ch(0)0|

Continued mode:ROVSE=1,JOVSE=0,ROVSM=1,TROVS=X

Figure 14-16 4x Example of oversampling rate

14.3.16.6 Oversample only the injection channel
The injection oversampling mode bit JOVSE enables oversampling only for transitions in the injection
sequence.

14.3.16.7 Automatic injection mode
Automatically injected sequences can be oversampled and all conversion results stored in registers to
save DMA resources. This mode is only available when both regular and injection oversampling are
enabled: JAUTO =1, ROVSE =1, and JOVSE =1, other combinations are not supported. The ROVSM

bit is ignored in auto-injection mode. The following diagram shows the sequence of transformations.

Regular channels N3 NO

= [aTa[3 e[ w]e[o

JAUTO=1,ROVSE=1,JOVSE=1,ROVSM=X,TROVS=0

Figure 14-17 Automatic Injection Mode Oversampling

14.3.16.8 Supports dual ADC mode when oversampling
For synchronous injection mode and synchronous rule mode, oversampling can be enabled during
dual ADC configuration. In this case, both ADCs must use exactly the same settings (including over-
sampling).
When regular or injection oversampling is enabled (ROVSE = 1 or JOVSE = 1), all other dual ADC
modes are not supported.

14.3.16.9 Summary of pattern combination

The table below summarizes all combinations, including unsupported modes.
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Table 14-7 Summary of Oversampler Modes

Oversampling mode
Regular over- Injection Over- ROVSM; 0 = contin- | Trigger Rule Mode Description
sampling ROVSE sampling JOVSE ued TROVS P
1 =resumed
1 0 0 0 Regular continuous
mode
1 0 0 1 -
1 0 1 0 Rule recovery model
1 0 1 1 Trigger Rule Recov-
ery Mode
1 1 0 X -
1 1 1 0 Injection and rule re-
covery models
1 1 1 1 -
0 1 X X Injection over-
sampling

14.3.17Programmable sampling time

The ADC samples the input voltage over several ADC CLK cycles, and the number of sampling cycles
is configured by SMP [2: 0] bits in the ADC_SMPR1 and ADC_SMPR2 registers. Each channel can
be sampled using a different sampling time.

The total conversion time is calculated as follows:

tconv = sampling time + 12.5 cycles

Example:
fADC = 16 MHz And when sampling time = 3.5 cycles:
tconv=3.5+125=16 cycles =1 us

14.3.18Conversion on external trigger

Converting a single channel or converting a sequence can be triggered by software or external events
(e.g. timer capture, input pins). If EXTEN [1: O] (for regular transitions) or JEXTEN [1: 0] (for injection
transitions) is not equal to 00, an external event is able to trigger transitions with the selected polarity.
The rule software trigger selection is valid once the software sets the bit ADSTART = 1, while the
injected software trigger selection is valid once the software sets the bit JADSTART = 1. Any hardware
or software triggers that occur during the conversion process will be ignored.

Note: While STRT/JSTRT is valid, a rule trigger/injection trigger occurs and will be ignored.

The following table provides the correspondence between the EXTEN [1: 0] and JEXTEN [1: O] values
and the trigger polarity.

Table 14-8 Rule External Trigger Configuration Trigger Polarity

EXTEN [1: 0] Source

Hardware trigger detection disabled, software trigger detec-

00 . -
tion enabled (rising edge)

01 Hardware triggering of rising edge detection

10 Hardware triggering of falling edge detection

11 Hardware triggered with detection on both rising and falling
edges

Note: The polarity of rules and injection triggers cannot be changed at any time

Table 14-9 Injection External Trigger Configuration Trigger Polarity

JEXTEN [1: 0] Source

Hardware trigger detection disabled, software trigger detec-
00 . e
tion enabled (rising edge)

01 Hardware triggering of rising edge detection
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10 Hardware triggering of falling edge detection
11 Hardware triggered with detection on both rising and falling
edges

Table 14-10 External Trigger Event Selection

ADC trigger selection

ADC triggers signals assignment

Extsell [4: 0] or ADC1/2 ADC3
JEXTSEL [4: 0] Regular Injected Regular Injected

00000 tim1_ccl tim1_trgo tim3_ccl tim1_trgo
00001 tim1_cc2 timl_cc4 tim2_cc3 tim1_cc4
00010 tim1_cc3 tim2_trgo tim1_cc3 tim2_trgo
00011 tim2_cc2 tim2_ccl tim8_ccl tim8_cc2
00100 tim3_trgo tim3_cc4 tim3_trgo tim4_cc3
00101 tim4_cc4 tim4_trgo exti2 tim4_trgo
00110 extill extils tim4_ccl tim4_cc4
00111 tim8_trgo tim8_cc4 tim8_trgo tim8_cc4
01000 tim8_trgo2 tim1_trgo2 tim8_trgo2 tim1_trgo2
01001 tim1_trgo tim8_trgo tim1_trgo tim8_trgo
01010 tim1_trgo2 tim8_trgo2 timl_trgo2 tim8_trgo2
01011 tim2_trgo tim3_cc3 tim2_trgo tim1_cc3
01100 tim4_trgo tim3_trgo tim4_trgo tim3_trgo
01101 tim6_trgo tim3_cc1 tim6_trgo exti3
01110 tim15_trgo timé_trgo tim15_trgo timé_trgo
01111 tim3_cc4 tim15_trgo tim2_ccl tim15_trgo
10000 tim9_cc1 tim2_cc3 tim18_cc3 tim18_cc4
10001 tim10_ccl tim9_cc2 tim18_trgo tim18_trgo
10010 tim11_ccl tim13_ccl tim18_ccl tim9_cc1
10011 tim12_ccl tim14_ccl tim10_ccl tim14_ccl
10100 tim18_trgo tim12_cc2 tim13_ccl tim18_cc2
10101 tim18_cc2 tim18_trgo tim18_ccl tim7_trgo
10110 tim19_ccl tim18_ccl tim7_trgo Lptim_out
10111 tim7_trgo tim16_ccl Lptim_out RES
11000 Lptim_out tim7_trgo RES Res
11001 RES Lptim_out Res Res
11010 Res RES Res Res
11011 Res Res Res Res
11100 Res Res Res Res
11101 Res Res Res Res
11110 Res Res Res Res
11111 Res Res Res Res

14.3.19Configurable resolution

Fast conversion can be performed by reducing the ADC resolution. The RES bit of the ADC_CFGR

register is used to select the number of bits available in the data register. The minimum conversion

time for each resolution is as follows:

B 12 bits: 3.5+ 12.5 =16 fADC cycles
®m 10 bits: 3.5 + 10.5 = 14 fADC cycles
B 8-bit: 3.5 + 8.5 =12 fADC cycles

B 6 bits: 3.5+ 6.5 =10 fADC cycles

14.3.20DMA request
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Because the value of the regular channel conversion is stored in a unique data register, DMA needs

to be used when multiple regular channels are converted, which can avoid loss of data already stored

in the ADC_DR register.

Only the end of conversion of a regular channel generates a DMA request, which allows the transfer

of its converted data from the ADC_DR register to the destination location selected by the user In the

dual ADC mode, the data converted by the ADC2 is transmitted using the DMA function of the ADCL1.
14.3.21Dual ADC Mode

In devices with 2 ADCs, dual ADC mode can be used. In the DUAL ADC mode, the conversion is

initiated by the ADC1 software/external touch trigger, depending on the mode selected by the DUAL

[2: 0] bit.

Note: In dual ADC mode, when the transition is configured to be triggered by an external event, the

user must set it to trigger only the master ADC and the slave ADC to be software triggered, which

prevents accidental triggering of the slave transition. However, external triggers of the master and

slave ADCs must be activated simultaneously.

There are 6 basic conversion modes:

-Synchronous injection mode

-Synchronization rule mode

-Fast crossover mode

-Slow crossover mode

-Alternate trigger mode

-Standalone mode

You can also use the above patterns in combination in the following ways:

-Sync Injection Mode + Sync Rule Mode
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ADC2(Slave)

> Regular data registers ] o
(16bits) |

_>| Injected data registers ]
(4x16bits) |

\ 4

Regular

channels . -t
A Analog to digital |

Injected |converter From ADC prescaler

channels APB2

BUS

\

Internal triggers

Regular data registers | ol
(16bits) J -
_>| Injected data registers | o
(4x16bits) J -
ADCx_INO I
ADCK IN1 GPIO [ DMA request
. Ports [~ | [ Regular -
’ 1 channels
ADCx_INn A Analog to digital From ADE prescaler
> Injected |converter
Vasanr
VBAT/3 channels
1 A
Dual mode
_G control

L R
EXTI_11 [} e
Start trigger mux
(regular group)
s ADC1(Master)

£
Start trigger mux
(injected group)

EXTI_15 [["

Figure 14-18 Dual ADC module diagram

1. An external trigger signal acts on ADC2, but it is not shown in this figure.
2. In dual ADC mode, the regular conversion data of ADC1 and ADC?2 is included in the complete
ADC1 data register (ADC1_DR).

14.3.21.1 Synchronous injection mode
In synchronous injection mode, ADC1 and ADC2 synchronously switch injection channel groups. The
ADC_JSOR registers of ADC 1 and ADC 2 specify all conversion channels of an injection group se-
guence, where the JL [1: 0] bit of the ADC_JSQR register specifies the sequence length of the se-
quence.
When the ADEN bit is 1, once the ADC1 external trigger (selected by JEXTSEL [4: Q]) occurs, the
ADC1 and ADC2 synchronization converts an injection sequence. When the sampling is finished,
EOSMP is generated, and if EOSMPIE is set, an interrupt is generated.
Note:
1. Do not convert the same channel on two ADCs, that is, the sampling times of two ADCs on the

same channel cannot overlap
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2.

The channel sampling time of ADC1 and ADC2 synchronous conversion should be consistent

At the end of the conversion of ADC1 or ADC2:

14.3.21.2

The converted data is stored in the ADC_JDRx (x = 1-4)register of each ADC.
When both ADC1/ADC2 injection channels are converted, the end of each channel conversion

generates a JEOC event, and the end of the sequence generates a JEOS event.

ADC2 N
B e
[ ] #n
aoct [ crs [ crz ] e [ cwo |
Trigger End of injected convsion

on ADC1 and ADC2

Figure 14-19 4 Synchronous injection mode on channels

Synchronization rule pattern

When synchronizing rule mode, ADC1 and ADC2 synchronously convert rule channel groups. The

ADC_SQRx (x = 1-4) register of ADC 1 and ADC 2 specifies a regular sequence of all conversion

channels, where the L [1: 0] bit specifies the sequence length. When the sampling is finished, EOSMP

is generated, and if EOSMPIE is set, an interrupt is generated.

When the ADEN bit is 1, once the ADC1 external trigger (selected by EXTSEL [4: 0]) occurs, the ADC1

and ADC2 synchronization will convert a regular sequence. (Note: Users should not convert the same

channel on two ADCs, that is, the sampling times of two ADCs on the same channel cannot overlap)
At the end of the conversion of ADC1 or ADC2:

B A 32-bit DMA transfer request is generated (if the DMA bit is set). The upper 16 bits of the 32-bit
ADC1_DR register transferred to the SRAM contain the converted data of ADC2 and the lower
16 bits contain the converted data of ADC1.

B When all ADC1/ADC2 regular channels are converted, an EOC event is generated at the end of
each channel conversion, and an EOS event is generated at the end of the sequence.

Notes:

1. In synchronization rule mode, sequences with the same length must be converted or the trigger
interval must be longer than the longer sequence of the two sequences. Otherwise, when the
conversion of the longer sequence is not completed, the ADC conversion with the shorter se-
quence will be restarted.

2. The channel sampling time of ADC1 and ADC2 synchronous conversion should be consistent.

aoc2 [ cvo [ crn ] ... [ cnis] B s
%
(] s

ADC1 |CH15| |CH14| | | CHO |
/"
Trigger End of regular convsion on
ADC1 and ADC2

Figure 14-20 Synchronization rule pattern on 16 channels
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14.3.21.3 Fast crossover mode
Fast crossover mode, ADC1 and ADC2 alternately switch one channel. This mode only applies to
regular channel groups (usually one channel), and SQ1 of ADC 1 and ADC 2 defines the channel to
be converted. When the sampling is finished, EOSMP is generated, and if EOSMPIE is set, an interrupt
is generated.
When the ADEN bit is 1, once the ADC1 external trigger (selected by EXTSEL [4: 0]) occurs, ADC1
and ADC?2 alternately transition a regular channel.
The external trigger source comes from the regular channel multiplexer of ADC1. After the external
trigger is generated:
B ADC2 starts immediately
B ADCH1 starts after 7 ADC clock cycles delay
If the CONT bits of ADC1 and ADC2 are set at the same time, the two selected ADC rule channels will
be converted consecutively. The end of ADC1 conversion generates an EOC flag, which generates a
32-bit DMA transfer request (if the DMA bit is set). The 32-bit data of the ADC1_DR register is trans-
ferred to the SRAM. The upper 16 bits of ADC1_DR contain the converted data of ADC2, and the
lower 16 bits contain the converted data of ADC1. The end of each channel transition produces an
EOC event, and the end of the sequence produces an EOS event.
Note: The maximum allowable sampling time is < 7 ADCCLK cycles, so as to avoid the overlap of two
sampling cycles when ADC1 and ADC2 convert the same channel. (Continuous Mode Maximum Sam-
pling Time <4 ADCCLK Cycles)

End of regular convsion on
ADC2

ADC2 CHO P

ADC1 /4| :R m I:I
Trigger

7 ADCCLK cycles End of regular convsion on
ADC1

Figure 14-21 Fast crossover mode in continuous transition mode on one channel
14.3.21.4 Slow crossover mode
This mode is only available for regular channel groups (only one channel). The external trigger source
comes from the regular channel multiplexer of ADC1. After the external trigger is generated:
B ADC2 starts immediately
B ADCH1 starts after 14 ADC clock cycles delay
B After delaying the second 14 ADC cycles, ADC2 starts again, and so on.
Note: The maximum allowable sampling time is < 14 ADCCLK cycles to avoid overlap with the next
transition.
After the ADC1 conversion is completed, an EOC flag is generated, and a 32-bit DMA transfer request
is generated (if the DMA bit is set). The 32-bit data of the ADC1_DR register is transferred to the SRAM.
The upper 16 bits of ADC1_DR contain the converted data of ADC2, and the lower 16 bits contain the
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converted data of ADC1. The end of each channel transition produces an EOC event, and the end of
the sequence produces an EOS event. When the sampling is finished, EOSMP is generated, and if
EOSMPIE is set, an interrupt is generated.

The CONT bit cannot be set in this mode because it will continuously switch the selected regular
channel.

Note: The application must ensure that when using crossover mode, no external trigger can be gen-

erated for the injection channel.

End of regular convsion on

/ ADC2
ADC2 | cHo | | cro | L] ==

ADC1 /4{ | crop | L] cro | E e

Trigger

14 ADCCLK cycles End of regular convsion on
| ADC1

-~

28 ADCCLK cycles

Figure 14-22 Slow crossover pattern of on one channel

14.3.21.5 Alternate trigger mode
This mode only applies to injection channel groups. The external trigger source comes from the injec-
tion channel multiplexer of ADC1. When the sampling is finished, EOSMP is generated, and if
EOSMPIE is set, an interrupt is generated.
If the injection scan mode is used on ADC1 and ADC2:
B When the first trigger is generated, all injection group channels on ADC1 are switched.
B When the second trigger arrives, all injection group channels on ADC2 are switched.
B Socycling...
If a JEOS interrupt is allowed, a JEOS interrupt is generated after all ADCL1 injection group channel
transitions. The end of each channel transition produces a JEOC event, and the end of the sequence
produces a JEOS event.
If allowed to generate a JEOS interrupt, generate a JEOS interrupt after all ADC2 injection group
channel transitions. The end of each channel transition produces a JEOC event, and the end of the
sequence produces a JEOS event.
When all injection group channels have been switched, if another external trigger is generated, the

ADCL injection group channel starts switching again.
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1 Trigger

ADC1 cto [ cha| ... cHn T
ADC2 FE R ED i
ol

2"Trigger

Figure 14-23 Alternate triggering-group of injection channels per ADC
If the injection interrupt mode is used on both ADC1 and ADC2:
B When the first trigger is generated, the first injection channel on ADC1 is switched.
B When the second trigger arrives, the first injection channel on ADC2 is switched.
B Socycling...
If a JEOS interrupt is allowed, a JEOS interrupt is generated after all ADC1 injection group channel
transitions. The end of each channel transition produces a JEOC event, and the end of the sequence
produces a JEOS event.
If allowed to generate a JEOS interrupt, generate a JEOS interrupt after all ADC2 injection group
channel transitions. The end of each channel transition produces a JEOC event, and the end of the
sequence produces a JEOS event.
When all injection group channels have been converted, if another external trigger is generated, the

alternate trigger process is restarted.

JEOC on ADC1 .
1™Trigger JEOCon ADC1 3™Trigger j 6 Tri JEOCon ADC1 7"Trigger JEOC on ADC1
rigger

Y X

CH CH1 -
ADC1 CHO CH1 n - SRRE
CHn CH1
ADC2 [ cro \ C'“‘ [ ] wn
2"Trigger  JEOC on'ADC2 t 5™rigger R h X
t .
4™rigger JEOC 0N ADC2 JEOC on ADC2 8 Trigger JEOC on ADC2

Figure 14-24 Alternate triggering-4 injection channels on each ADC in discontinuous mode
14.3.21.6 Standalone mode
In this mode, each ADC works independently and is not related to each other.
14.3.21.7 Hybrid rulef/injection synchronization pattern
The rule group synchronization transition may be interrupted to initiate the synchronization transition
of the injection group. When the sampling is finished, EOSMP is generated, and if EOSMPIE is set,
an interrupt is generated.

Notes:
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1. Inthe hybrid regular/injection synchronization mode, sequences with the same time length must
be converted or the trigger interval must be longer than the longer sequence of the two sequences,
otherwise ADC conversion with shorter sequence may be restarted when the conversion of the
longer sequence has not been completed.

2. The channel sampling times of ADC1 and ADC2 synchronous conversion remain consistent

soconia oo [l _

®in

ADCl;ﬂ)nJJZH CHO CH

. End of regular convsion on
ADCL;ENA ADC1 and ADC2

Trigger End of injected convsion
on ADC1 and ADC2

Figure 14-25 Mixed Rule/Injection Synchronization Mode-scan Mode
14.3.22Temperature sensor and internal reference voltage

Temperature sensors may be used to measure device node temperature (TJ). The temperature sensor
is internally connected to the ADC1_CH16 channel, which converts the voltage output by the sensor
into a digital value. When not in use, the sensor can be put in power down mode.
The output voltage of the temperature sensor changes linearly with the temperature. Due to the change
of the production process, the offset of the temperature change curve will be different on different chips.
The internal temperature sensor is more suited to applications that detect temperature variations in-
stead of absolute temperatures. If accurate temperature readings are needed, an external temperature
sensor part should be used.
Note: The VSENSESEL, VREFEN bits must be set to activate the transition of the internal channels:
ADC1_CH16 (temperature sensor) and ADC1_CH18 (VREFINT).

VSENSESEL
Temperature Vsense »ADC1 CH16
— "] APB2
ADC BUS
\
Internal power VRElleT »ADC1 CH18
block o -
T VREFEN

Figure 14-26 Temperature Sensor Channel Block Diagram

Main features
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Reading the temperature
To use the sensor:
1. Select ADC1_CH16
2. Select a sampling time that is greater than the minimum sampling time specified in the datasheet.
3. VSENSESEL position 1 in the ADC1_CCR register to wake up the temperature sensor from
power-down mode.
4. Start the ADC conversion by setting the ADEN bit (or by external trigger).
5. Read the resulting VSENSE data in the ADC data register
6. Calculate the temperature using the following formula:

Temperature (°C) = {(VSENSE-V30)/Avg_Slope} + 30 °C
with:
V30 = VSENSE value at 30 °C
Avg_Slope = Average Slope for curve between Temperature vs. VSENSE (given in mV/° C or pV/ °C).
(For information on actual values of V30 and Avg_Slope, see the Electrical Characteristics section
in the datasheet.)
Note: It takes a settling time for the sensor to wake up from power-down mode, and the correct
VSENSE is output after the startup time. The ADC also requires a setup time after power-up, so in
order to shorten the delay, ADEN and VSENSESEL should be positioned at position 1 at the same

time.

14.3.23Battery monitoring

Because the VBAT voltage can vary, the VBAT pin needs to be internally connected to the bridge
distributor to ensure the correct operation of the ADC.

The bridge automatically enables VBAT/3 to connect to the ADC1/3_CH17 input channel.

14.3.24 ADC interrupts

For each ADC, the following interrupts are generated:

At the end of any transition of the rule group (flag EOC)

At the end of a sequence of rule groups (flag EOS)

At the end of any transition of the injection group (flag JEOC)

At the end of an injection group sequence (flag JEOS)

When simulated watchdog detection occurs (flags AWD1, AWD2, and AWD3)

B When the sampling phase is over (flag EOSMP)

Independent interrupt enable bits have flexibility.

Table 14-11 Interrupts per ADC

Interrupt event Event flag Enable control bit

A rule conversion ends EOC EOCIE

A rule sequence ends EOS EOSIE

An injection transition ends JEOC JEOCIE

An injection sequence ends JEOS JEOSIE
Simulated Watchcz)ci)tg 1 State Position AWDL AWD1IE
Simulated Watchdgtg 2 status position AWD2 AWD2IE
Simulated Watchc:)(i)tg 3 State Position AWD3 AWD3IE
End of sampling phase EOSMP EOSMPIE
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14.4 Register Description (for each ADC)
ADCL1 register base address: 0x4001_2400

ADC2 register base address: 0x4001_2800

ADCS3 register base address: 0x4001_3C00
14.4.1 ADC interrupt and status register (0Ox00: ADC_ISR)
Address offset: 0x00
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 | Res | Res | STRT | JSTRT | Res | AWD3 | AWD2 | AWD1 | JEOS | JEOC | Res | EOS EOC | EOSMP | Res

- R R - RC_W1 - | RCW1 | RC_W1 | RC_W1 | -
Bit Name R/W Reset Value Function
31

Reserv - - -

13 eserved

Regular channel Start flag

This bit is set by the hardware at the beginning of the
conversion and cleared after the conversion is com-
pleted.

0: No regular channel conversion started

1: Regular channel conversion has started

Injected channel Start flag

This bit is set by the hardware at the beginning of the
conversion and cleared after the conversion is com-
pleted.

0: No injected group conversion started

1: njected group conversion has started

12 STRT R 0

11 JSTRT R 0

10 Reserved - - -

Simulated Watch Dogs 3 logo. This bit is set by hard-
ware when the converted voltage exceeds/falls below
the values of fields HT3 [7: 0] and LT3 [7: O] of the

9 AWD3 RC_W1 0 ADC_TR3 register. It is cleared by software writing 1.

0: No simulated watchdog 3 event occurred (or the soft-
ware confirmed and cleared the flag event)

1: Simulated Watchdog 3 event occurs

Analog Watch Dogs 2 logo. This bit is set by hardware
when the converted voltage exceeds/falls below the
fields HT2 [7: 0] and LT2 [7: O] values of the ADC_TR2
8 AWD?2 RC_W1 0 register. It is cleared by software writing 1.

0: No simulated watchdog 2 event occurred (or the soft-
ware confirmed and cleared the flag event)

1: Simulated Watchdog 2 event occurs

Analog Watchdog 1 logo. When the converted voltage
exceeds/below the values of the fields HT1 [7: 0] and
LT1 [7: O] of the ADC_TR1 register, this bit is set by

7 AWD1 RC_W1 0 hardware. It is cleared by software writing 1.

0: No simulated watchdog 1 event occurred (or the soft-
ware confirmed and cleared the flag event)

1: Simulated watchdog 1 event occurred

Injects sequence conversion end flag. This bit is set by
hardware when all channel transitions of the injection
sequence are finished. It is cleared by software writing
6 JEOS RC_W1 0 1.
0: Injection sequence conversion is not complete (or flag
event has been acknowledged and cleared by software)
1: Injection sequence conversion completed

Injection channel transition end flag. This bit is set by
the hardware when new data is accessible through the

5 JEOC RC_W1 0
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corresponding ADC_JDRYy register at the end of each in-
jection channel transition. Clear by software writing 1 or
by reading the corresponding ADC_JDRY register.

0: Injection channel transition is not complete (or flag
event has been acknowledged and cleared by software)
1: Injection channel conversion completed

4 Reserved - - -

Rule sequence end flag

The hardware sets this bit at the end of the rule se-
guence conversion. Software write 1 clear

0: Conversion sequence not complete (or the flag event
was already acknowledged and cleared by software)

1: Conversion sequence complete

3 EOS RC_W1 0

End of conversion flag

The hardware sets this bit when a new data result can
be read from the ADC_DR register after each transition
of each regular channel. Software write 1 clears or read
ADC_DR register clears

0: Conversion sequence not complete (or the flag event
was already acknowledged and cleared by software)

1: Channel conversion completed

Sampling end flag. At the end of the sampling phase of
each regular channel conversion, the hardware sets this
bit and the software writes 1 to clear it

1 EOSMP RC_W1 0 0: Not at the end of the sampling phase (or the flag
event was already acknowledged and cleared by soft-
ware)

1: End of sampling phase reached

2 EOC RC_W1 0

0 Reserved - - -

14.4.2 ADC interrupt enable register (0x04: ADC_IER)
Address offset: 0x04
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 B 2 1 0
Res AWD3IE | AWD2IE | AWDI1IE | JEOSIE | JEOCIE | Res | EOSIE | EOCIE | EOSMPIE | Res
- RW RW RW RW RW - RW RW RW -
Bit Name R/W Reset Value Function
31: 10 Reserved - - -

Analog Watchdog 3 flag interrupt enabled. Set
and clear by software to enable/disable the analog
9 AWD3IE RW 0 watchdog 3 flag interrupt.

0: Disable simulated Watchdog 3 event interrupt
1: Turn on simulated Watchdog 3 event interrupt
Analog Watchdogs 2 flag interrupt enabled. Set
and clear by software to enable/disable analog

8 AWD2IE RW 0 Watchdog 2 flag interrupts.

0: Disable simulated Watchdog 2 event interrupt
1: Turn on simulated Watchdog 2 event interrupt

Analog Watchdog 1 flag interrupt enabled. Set
and clear by software to enable/disable the analog
7 AWDI1IE RW 0 watchdog 1 flag interrupt.

0: Disable simulated watchdog 1 event interrupt

1: Turn on simulated watchdog 1 event interrupt
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JEOSIE

RW

Injection sequence conversion end interrupt ena-

bled. End interrupt set and cleared by software to
enable/disable injection sequence conversion.

0: JEOS interrupt disabled

1: JEOS interrupt not masked. When JEOS is set,
an interrupt is generated.

JEOCIE

RW

Injection channel transition end interrupt enabled.
This bit is set and cleared by the software to ena-
ble/disable the injection channel transition end in-
terrupt.

0: JEOC interrupt disabled

1: JEOC interrupt not masked. When JEOC is set,
an interrupt is generated.

Note: The software is only allowed to write this bit
if JADSTART = 0 (this ensures that no injection
conversion is in progress).

Reserved

EOSIE

RW

End of rule sequence interrupt enable

The bit is set and clear by that software to ena-
ble/disable the end interrupt of the sequence of
rules

0: EOS interrupt disabled

1: EOS interrupt not masked. When EOS is set,
an interrupt is generated.

Note: The software is only allowed to write this bit
if ADSTART = 0 (this ensures that no rule conver-
sion is going on).

EOCIE

RW

Rule Transition End Interrupt Enable

This bit is set and cleared by that software to ena-
ble/disable the rule transition end interrupt

0: EOC interrupt disabled

1: EOC interrupt not masked. When EOC is set,
an interrupt is generated.

Note: The software is only allowed to write this bit
if ADSTART = 0 (this ensures that no rule conver-
sion is going on).

EOSMPIE

RW

End of sampling interrupt enable

This bit is set and clear by that software to ena-
ble/disable the end-of-sampling interrupt

0: EOSMP interrupt disabled

1: EOSMP interrupt not masked. When EOSMP is
set, an interrupt is generated.

Note: The software is only allowed to write this bit
if ADSTART = 0 (this ensures that no rule conver-
sion is going on).

0

Reserved

14.4.3 ADC Control Register (0x08: ADC_CR)

Address offset: 0x08

Reset value: 0x0000 0000

31

30

29 28

27

26

25

24

23

22

21 20 19 18 17 16

ADCAL

Res

Res | Res

RSTCAL

Res

Res

Res

Res

Res

Res Res Res Res Res Res

RS

RS

15

14

13 12

11

10

5 4 S 2 1 0

Res

Res

Res | Res

Res

Res

Res

Res

Res

Res

Res | ADSTP | JADSTART | ADSTART | Res | ADEN

RS RS RS - RW

Bit

Name ‘ R/W ‘

Reset Value

Function ‘
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ADC calibration starts.

The software sets to start ADC calibration, and the hardware will au-
tomatically clear it after the calibration is completed. Clear by hard-
ware when calibration fails or calibration succeeds

0: Calibration completed

1: Write 1 calibration ADC, read 1 indicates calibration is in progress
Note: Allow the software to initiate calibration by setting ADCAL only
if ADEN = 0. Allow the software to update the calibration factor by
writing ADC_CALFACT only when ADEN is invalid and there is no
external trigger (ADC enabled and no conversion is in progress)

30: 28 Reserved | - - -

Reset calibration

This bit is set by software and cleared by hardware. This bit is
cleared after the calibration register is initialized (i.e., after RSTCAL
is setto 1).

0: Calibration register initialized

1: Initialize calibration register

Note: If RSTCAL is set when conversion is ongoing, additional cy-
cles are required to clear the calibration registers.

26:5 Reserved | - - -

ADC stop conversion command

This bit is set by the software to stop and discard the ongoing con-
version (ADSTP command). When the transition is effectively dis-
carded, it is cleared by hardware. After stopping the injection con-
4 ADSTP RS 0 version, the ADC sequence and trigger can be reconfigured, and the
ADC is ready to accept the new conversion (external trigger)

0: No ADC stops conversion command execution

1: Write 1 stops the ongoing conversion. Read 1 indicates that the
ADSTP command is being executed.

ADC software triggers start injection conversion

This bit is set by software and is used to initiate ADC conversion of
the injection channel. Start the conversion by software setting, and
3 JADSTART | RS 0 immediately after starting the conversion, it is cleared and set to 0
by hardware.

0: Reset state

1: Starts conversion of injected channels

ADC software triggers start rule conversion

This bit is set by the software and is used to initiate ADC conversion
of the regular channel.

2 ADSTART | RS 0 Start the conversion by software, and it is cleared and set to 0 by
hardware immediately after starting the conversion.

0: Reset state

1: Start converting regular channels

1 Reserved | - - -

A/D converter ON / OFF

The ADC converter is enabled. When it is set to 1, the ADC con-
verter wakes up. There is a delay tSTAB from the time the converter
0 ADEN RW 0 is powered on to the start of conversion. When set to 0, the ADC
converter is in a power-down state.

0: Disable ADC conversion/calibration and go to power down mode.
1. Enable ADC and to start conversion.

14.4.4 ADC configuration register (0xOC: ADC_CFGR)
Address offset: 0x0C
Reset value: 0x0000 0000

31 ADCAL RS 0

27 RSTCAL RS 0

31 30 29 | 28 3 é 25 24 23 22 21 20 g 18 | 17 | 16
_ JAWDL | AWDL | AWDI1S JDISC | DISCNUM[2. | DISC
Res AWDICH [4: 0] sauto | P " > Res 2 o] S
- RW RW RW RW RW - RW RW RW
15 14 13 | 12 i (1) 9 8 7 3 5 4 3] 2 |1 0
ALIG | AUTD | CON | Re 'f\IX[Tl_E EXTSE | EXTSE | EXTSE | EXTSE | EXTSE | peop.g | SCA | Re | DMAE
N Ly T | s o L4 L3 L2 L1 L0 ' N | s N
RW | RW | RW | - | RW RW RW RW RW RW RW RW | - | RW
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Bit

Name

R/W

Reset Value

Function

31

Reserved

30: 26

AWDICH [4:

0]

RW

5’h0

Analog Watchdog 1 Channel Select Bit

These bits are set and cleared by software. They select the in-
put channel to be guarded by the Analog watchdog.

00000: ADC analog input Channel 0

00001: ADC analog input Channel 1

01111: ADC analog input Channel 15

10000: ADC analog input Channel 16

10001: ADC analog input Channel 17

10010: ADC analog input Channel 18

10011: ADC analog input Channel 19

All other numerical values are reserved.

Note: The ADC analog input channel corresponding to the se-
lection of analog watchdog 1 channel is consistent with the se-
lection of ADC channel. See relevant chapters for detailed cor-
respondence.

25

JAUTO

RW

Automatic injected group conversion

This bit is used to turn on or off the regular channel group con-
version and automatically perform the injection channel group
conversion after completion of the regular channel group con-
version

0: Automatic injected group conversion disabled

1: Automatic injected group conversion enabled

24

JAWDI1EN

RW

Injection channel analog watchdog 1 enabled. Turn on the an-
alog watchdog on the injection channel.

0: Disable analog watchdog 1 on injection channel

1: Using analog watchdog 1 on the injection channel

23

AWDI1EN

RW

Regular Channel Simulation Watchdog 1 enabled. Turn on the
simulated watchdog on the regular channel.

0: Disable simulated watchdog 1 on regular channel

1: Use simulated watchdog 1 on regular channel

22

AWD1SGL

RW

Single Channel Watchdog 1 enabled.

This bit is used to turn on or off the analog watchdog 1 on the
channel defined by AWD1CH [4: 0].

0: Use simulated watchdog 1 on all channels

1: Using analog watchdog 1 on a single channel

21

Reserved

20

JDISCEN

RW

Discontinuous mode on injected channels.

This bit is used to turn on or off the discontinuous mode on the
injection channel group.

0: Discontinuous mode on injected channels disabled

1: Discontinuous mode on injected channels enabled

19: 17

DISCNUM [2:

0]

RW

3’h0

Discontinuous mode channel count

These bits are written by software to define the number of reg-
ular channels to be converted in discontinuous mode after re-
ceiving an external trigger.

000: 1 channel

001: 2 channels

111: 8 channels

16

DISCEN

RW

Discontinuous mode on regular channels

This bit is used to turn on or off the discontinuous mode on the
regular channel group

0: Discontinuous mode on regular channels disabled

1: Discontinuous mode on regular channels enabled

15

ALIGN

RW

Data alignment control bit

0: Right alignment
1: Left alignment

14

AUTDLY

RW

Wait mode conversion

This bit is set and cleared by the software to enable/disable
automatic delay transition mode.

0: Wait conversion mode off

1: Wait conversion mode on

13

CONT

RW

Continuous conversion enable
. If set conversion takes place continuously till this bit is reset.
0: Single conversion mode

241/1101



PY32E407 Reference Manual

1: Continuous conversion mode

12 Reserved - - -

External trigger enabling and polarity selection for regular
channels

These bits are set and cleared by the software to select the ex-
ternal trigger polarity and enable triggering of the rule group.
00: Disable hardware trigger detection (conversion can be initi-
ated by software)

01: Hardware trigger detection of rising edge

10: Hardware trigger detection of falling edge

11: Both rising and falling edges have hardware trigger detec-
tion

Note: The software allows these bits to be written only if it en-
sures that no rule translation is in progress.

External event select for regular group These bits select the
external event used to trigger the start of conversion of a regu-
lar group:

The external trigger events of ADC1, ADC?2 are as follows:
(see 4.16 for details)

00000: Event 1

00001: Event 2

00010: Event 3

00011: Event 4

11:10 EXTEN [1: 0] | RW 2’h0

9:5 Extsell [4: 0] RW 5’h0

11111 reservation

The ADC3 external trigger configuration is as follows:
00000: Event 1

00001: Event 2

00010: Event 3

00011: Event 4

11111 reservation

Resolution control bit. These bits are written by software to se-
lect the resolution of the conversion.

00: 12 bits

01: 10 bits

10: 8 bits

11: 6 bits

Scan mode

This bit is used to turn scan mode on or off. In Scan mode, the
inputs selected through the ADC_SQRx or ADC_JSQRX regis-
ters are converted.

0: scan mode disabled

1: scan mode enabled

1 Reserved - - -

DMA enable bit

0: DMA mode disabled

0 DMAEN RwW 0 1: DMA mode enabled

Note: In dual ADC mode, only ADC1 can generate DMA re-
guests.

14.4.5 ADC configuration register 2 (0x10: ADC_CFGR2)
Address offset: 0x10
Reset value: 0x0000 0000

4:3 RES[1:0] | RW 2'h0

2 SCAN RW 0

31 30 ‘ 29 ‘ 28 27 26 25 24 23 22 21 20 19 18 17 16
Res CALNUM [2: O] Res | Res Res Res | Res | Res | Res | Res | Res | Res Res GCOMP
- RW | RW | RW - RW

15 | 14 | 13 | 12 | 11 10 9 8 | 7 |6 |5 a | 3| 2 1 0
Res | Res | Res | Res | Res | ROVSM | TROVS OVSS [3: 0] OVSR [2: 0] OVSE ROVSE
- RW RW RW | Rw | RW | RW | RW | RW | RW | RW RW
Bit Name R/W Reset Value Function
31 Reserved - - -
30: 28 CALNUM [2: 0] RW 3’h0 Average number of calibrations, default 000
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000: 1 calibration and average
001: 2 calibrations and average
010: 4 calibrations and averaging
011: 8 calibrations and averaging
100: 16 calibrations and averaging
101: 32 calibrations and averaging
Others: reserve

27: 17

Reserved

16

GCOMP

RW

Gain compensation mode

This bit is set and cleared by the software to en-
able gain compensation mode.

0: Gain compensation is not enabled in ADC op-
erating mode

1: Gain compensation is enabled and applied to
all channels

Note: The software allows this bit to be written
only if there is no conversion in progress

15:11

Reserved

10

ROVSM

RW

Regular oversampling mode

This bit is set and cleared by the software to se-
lect a regular oversampling mode.

0: Continue mode: When injection transition is
triggered, oversampling stops temporarily and
continues after the injection sequence (over-
sampling buffer is maintained during the injec-
tion sequence)

1: Recovery mode: When the injection transition
is triggered, the current oversampling is aborted
and resumed from the beginning after the injec-
tion sequence (the oversampling buffer is
cleared when the injection sequence starts to
transition)

Note: The software allows this bit to be written
only if there is no conversion in progress

TROVS

RW

Trigger rule oversampling

This bit is set and cleared by the software to en-
able triggered oversampling

0: All oversampling transitions of channels are
completed continuously after triggering

1: Each oversampling transition of the channel
requires a new trigger

Note: The software allows this bit to be written
only if there is no conversion in progress

8:5

OVSS [3: 0]

RW

4’h0

Oversampling shift

This bit field is set and cleared by the software
to define the right shift applied to the original
oversampled result.

0000: No shift

0001: Shift by 1 bit

0010: shift by 2 bits

0011: shift by 3 bits

0100: Shift 4 bits

0101: Shift by 5 bits

0110: Shift 6 bits

0111: Shift by 7 bits

1000: shift 8 bits

Other: Reserved

Note: The software allows this bit to be written
only if there is no conversion in progress

4.2

OVSR [2: 0]

RW

3’h0

Oversampling rate

This bit field is set and cleared by the software
to define the oversampling rate.

000: 2x

001: 4x

010: 8x

011: 16x

100: 32 x

101: 64x

110: 128 x
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111: 256 x
Note: The software allows this bit to be written
only if there is no conversion in progress

OVSE

RW

Injection Oversampling Enable

This bit is set and cleared by the software to en-
able injection oversampling.

0: Disable injection oversampling

1: Enable injection oversampling

Note: The software allows this bit to be written
only if there is no conversion in progress

ROVSE

RW

Regular Oversampling Enable

Enable This bit is set and cleared by the soft-
ware to enable regular oversampling.

0: Disable regular oversampling

1: Enable regular oversampling

Note: The software allows this bit to be written
only if there is no conversion in progress

14.4.6 ADC Sample Time Register 1 (0x14: ADC_SMPR1)
Address offset: 0x14

Reset value: 0x0000 0000
31 30 29 | 28 | 27 26 | 25 [ 24 23 | 22 [ 21 20 | 19 [ 18 17 | 16
SMPPLUS Res SMP9 [2: 0] SMP8 [2: 0] SMP7 [2: 0] SMP6 [2: 0] SMPS5 [2: 0]
RW - RW |RW |RW |RW |RW |RW |RW |RW |RW |RW |RW | RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMP5 [2: 0] SMP4 [2: 0] SMP3 [2: 0] SMP2 [2: 0] SMP1 [2: 0] SMPO [2: 0]
RW rRw |[rRw |[Rw [rw [rRw |[RwW [Rw [rRw [rRw |[rRw [RwW [Rw [ RW | RW | RW
Bit Name R/W Reset Value Function
The sampling time adds one clock cycle
1: 2.5 ADC clock cycle sampling time becomes 3.5 ADC
clock cycles for the ADC_SMPR1 and ADC_SMPR?2 reg-
31 SMPPLUS RW 0 isters.
0: Sampling time hold set to 2.5 ADC clock cycles.
Make sure that no conversion is in progress before allow-
ing software to write this bit.
30 Reserved - - -
Channel x sampling time selection
These bits are written in software to select the sampling
time individually for each channel. The channel select bit
must remain constant during the sampling period.
000: 2.5 ADC clock cycles
. . . , 001: 6.5 ADC clock cycles
29:0 SMP [9: 0] [2: 0] RW 30'ho 010: 12.5 ADC clock cycles
011: 24.5 ADC clock cycles
100: 47.5 ADC clock cycles
101: 92.5 ADC clock cycles
110: 247.5 ADC clock cycles
111: 640.5 ADC clock cycles

14.4.7 ADC Sample Time Register 2 (0x18: ADC_SMPR2)
Address offset: 0x18

Reset value: 0x0000 0000
31 30 29 [ 28 | 27 26 [ 25 [ 24 23 [ 22 [ 21 20 [ 19 [ 18 17 [ 16
Res Res SMP19 [2: 0] SMP18 [2: 0] SMP17 [2: 0] SMP16 [2: 0] SMP15 [2: 0]
- 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
SMP15 [2: ] SMP14 [2: 0] SMP13[2: ] SMP12 [2: ] SMP11 [2: 0] SMP10 [2: ]
RW rRw |rRw |Rw |Rw |[rw [Rw |[Rw [rRw [rRw |RW |[rRwW [rRw [RW |[RwW |Rrw
Bit Name R/W Reset Value Function
31: 30 Reserved - - -
Channel x sampling time selection
. . . , These bits are written in software to select the sampling
29:0 SMP [19:10][2: 0] | RW 30'h0 time individually for each channel. The channel select bit
must remain constant during the sampling period.
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000:
001:
010:
011:
100:
101:
110:
111:

2.5 ADC clock cycles
6.5 ADC clock cycles
12.5 ADC clock cycles
24.5 ADC clock cycles
47.5 ADC clock cycles
92.5 ADC clock cycles
247.5 ADC clock cycles
640.5 ADC clock cycles

14.4.8 ADC Watchdog Threshold Register 1 (0x20: ADC_TR1)

Address offset: 0x20
Reset value: OxOFFF 0000

31 30 29 28 27 [ 26 | 25 | 24 [ 23 [ 22 | 210 [ 20 [ 19 [ 18 [ 17 [ 16
Res Res Res Res HT1[11: Q]
- 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
Res AWDFILT [2: 0] LT1[11: 0]
- Rw |Rw | Rw RW | RW | RW | RW | RW | RW [ RW [ RW | RW [ RW [ RW [ RW
Bit Name R/W Reset Value Function
31:28 Reserved - - -
Simulated Watchdog 1 High Threshold
Software configurable to define simulated watchdog 1 high
27:16 HT1 [11: 0] RW 12’hFFF threshold
Note: The software allows this bit to be written only if there is
Nno conversion in progress
15 Reserved - - -
Analog watchdog filtering parameters
This bit is set and cleared by the software.
000: No filtration
001: Two consecutive detections generate AWDXx flag or inter-
14:12 | AWDFILT [2: 0] RW 3h0 rupt
111: Eight consecutive detections generate AWDx flags or in-
terrupts
Note: The software allows this bit to be written only if there is
no conversion in progress
Simulated Watchdog 1 Low Threshold
Software can be configured to define simulated watchdog 1
11/0 LT1[11: 0] RW 12’h0 low threshold
Note: The software allows this bit to be written only if there is
no conversion in progress

14.4.9 ADC watchdog threshold register 2 (0x24: ADC_TR2)

Address offset: 0x24
Reset value: OxO0FF 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 HT2 [7: 0]
- RW RW RW RW RW RW RW RW
15 14 | 13 [ 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res LT2[7:0]
- RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW
Bit Name R/W Reset Value Function
31: 24 Reserved - - -
Simulated Watchdog 2 High Threshold
Software configurable to define simulated watchdog 2 high
23:16 HT2 [7: 0] RW 8’hFF threshold
Note: The software allows this bit to be written only if there
iS no conversion in progress
15: 8 Reserved - - -
Simulated Watchdog 2 Low Threshold
7:0 LT2 [7: O] RW 8'h0 Software configurable to define simulated watchdog 2 low
threshold
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Note: The software allows this bit to be written only if there
iS no conversion in progress

14.4.10ADC watchdog threshold register 3 (0x28: ADC_TR3)

Address offset: 0x28

Reset value: 0xO0FF 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 HT3 [7: 0]
- RW RW RW RW RW RW RW RW
15 14 | 13 [ 12 11 10 9 8 7 6 5 4 3 2 1 0
Res Res Res Res Res Res LT3[7: 0]
- RW [ RW [ RW [ RW [ RW [ RW [ RW [ RW
Bit Name R/W Reset Value Function
31:24 Reserved - - -
Simulated Watchdog 3 High Threshold
Software can be configured to define simulated watchdog 3
23:16 HT3[8: 0] RW 8'hFF high threshold
Note: The software allows this bit to be written only if there is
no conversion in progress
15: 8 Reserved - - -
Simulated Watchdog 3 Low Threshold
Software can be configured to define simulated watchdog 3
7:0 LT3 [8: 0] RW 8’h0 low threshold

Note: The software allows this bit to be written only if there is
no conversion in progress

14.4.11ADC Rule Sequence Register 1 (0x30: ADC_SQR1)

Address offset: 0x30

Reset value: 0x0000_0000

31 | 30 | 29 28 | 27 | 26 | 25 | 24 23 22 | 21 | 20 | 19 | 18 17 16
Res SQ4[4: 0] Res SQ3[4: 0] Res SQ2[4]
. RW RW . RW
15 | 14 | 13 12 11 10 | 9 | 8 7 6 5 4 3 | 2 1 0
SQ2[3: 0] Res SQ1 [4: 0] Res Res L [3: 0]
RW . RW - RW
Bit Name R/W Reset Value Function

31: 29 Reserved

4th transformation of rule sequence

28:24 SQ4 [4: Q] RW 5'h0 These bits are written by software, and the channels (0 to 19) are
assigned as the 4th time in the regular translation sequence.
23 Reserved - - -
3rd transformation of rule sequence
22:18 SQ3[4: 0] RW 5'h0 These bits are written by software, and the channels (0 to 19) are
assigned as the 3rd in the regular conversion sequence.
17 Reserved - - -
Second transformation of rule sequence
16:12| SQ2[4:0] RW 5’h0 These bits are written by software, and the channels (0 to 19) are
assigned as the 2nd time in the regular conversion sequence.
11 Reserved - - -
1st transformation of rule sequence
10: 6 SQ1[4: 0] RW 5’h0 These bits are written by software, and the channels (0 to 19) are
assigned as the 1st in the regular translation sequence.
5:4 Reserved - - -
Regular channel sequence length
These bits are defined by software. These bits are written by
software to define the total number of conversions in the regular
30 L [3: 0] RW 410 channel conversion sequence.

0000: 1 conversion
0001: 2 conversions

1111: 16 conversions
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Some channels are not physically connected and therefore must not be selected for conversion.

14.4.12ADC rule sequence register 2 (0x34: ADC_SQR?2)

Address offset: 0x34
Reset value: 0x0000_0000

31 | 30 | 29 28 | 27 | 26 | 25 | 24 23 22 | 21 | 20 | 19 | 18 17 16
Res SQ9 [4: 0] Res SQ8 [4: 0] Res SQ7[4]
- RW - RW - RW
15 | 14 | 13 12 | 11 10 [ 9 | 8 7 6 5 a | 3 | 2 1 0
SQ7[3:0] Res SQ6 [4: 0] Res SQ5 [4: 0]
RW - RW - RW
Bit Name R/W Reset Value Function
31: 29 Reserved - - -
The 9th transformation of the rule sequence
. . , These bits are written by software, and the channels (0 to 19)
28:24 SQ9[4: 0] RW 5ho are assigned as the 9th time in the regular translation se-
qguence.
23 Reserved - - -
8th transformation of rule sequence
. . , These bits are written by software, and the channels (0 to 19)
22:18 SQ8[4: 0] RW 5ho are assigned as the 8th time in the regular conversion se-
guence.
17 Reserved - - -
7th transformation of rule sequence
. . , These bits are written by software, and the channels (0 to 19)
16: 12 SQ7[4:0] RW 5ho are assigned as the 7th time in the regular translation se-
guence.
11 Reserved - - -
6th transformation of rule sequence
. . , These bits are written by software, and the channels (0 to 19)
10:6 SQ6 [4: 0] RW 5ho are assigned as the 6th time in the regular conversion se-
quence.
5 Reserved - - -
5th transformation of rule sequence
. . , These bits are written by software, and the channels (0 to 19)
4.0 SQ5[4:0] RW 5ho are assigned as the 5th time in the regular conversion se-
guence.

Some channels are not physically connected and therefore must not be selected for conversion.
14.4.13ADC rule sequence register 3 (0x38: ADC_SQR3)

Address offset: 0x38

Reset value: 0x0000_0000

31 | 30 | 29 28 | 27 | 26 | 25 | 24 23 22 | 21 | 20 | 19 [ 18 17 16
Res SQ14 [4: 0] Res SQ13[4: 0] Res SQ12[4]
- RW RW - RW
15 | 14 | 13 12 | 1 10 | 9 [ s 7 6 5 a | 3 | 2 1 0
SQ12[3: 0] Res SQ11 [4: 0] Res SQ10 [4: 0]
RW - RW - RW
Bit Name R/W Reset Value Function
31:29 Reserved - - -
14th transformation of rule sequence
28: 24 SQ14 [4: 0] RW 5'h0 These t_)lts are written by s_oftw_are, and the channels_ (0 to 19)
are assigned as the 14th time in the regular conversion se-
quence.
23 Reserved - - -
22:18 SQ13[4: 0] RW 5’h0 13th Conversion of Rule Sequence
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These bits are written by software, and the channels (0 to 19)
are assigned as the 13th time in the regular conversion se-
guence.

17

Reserved

16: 12

SQ12 [4: 0]

RW

5’h0

12th transformation of rule sequence

These bits are written by software, and the channels (0 to 19)
are assigned as the 12th time in the regular conversion se-
quence.

11

Reserved

10: 6

SQ11 [4: 0]

RW

5’h0

11th transformation of rule sequence

These bits are written by software, and the channels (0 to 19)
are assigned as the 11th time in the regular conversion se-
guence.

Reserved

4:0

SQ10 [4: 0]

RW

5’h0

10th transformation of rule sequence

These bits are written by software, and the channels (0 to 19)
are assigned as the 10th time in the regular conversion se-
quence.

Some channels are not physically connected and therefore must not be selected for conversion.
14.4.14ADC rule sequence register 4 (0x3C: ADC_SQR4)

Address offset: 0x3C
Reset value: 0x0000_0000

31 | 30 [ 20 | 28 [ 27 | 26 | 25 | 24 | 23 [ 22 ] 21 | 20 | 10 [ 18 | 17 | 16 |
Res
15 [ 14 | 3 [ 12| 1 10| 9 | 8] 7 [e ] s ] a3 ] 2] 1 ]o]
Res SQ16 [4: 0] Res SQ15 [4: ]
- RW RW
Bit Name R/W | Reset Value Function
31:11 Reserved - - -
10: 6 SQ16 [4: 0] RW 5'h0 16th transformation of rule sequence
These bits are written by software, and the channels (0 to 19) are as-
signed as the 16th time in the regular conversion sequence.
5 Reserved - - -
4:0 SQ15 [4: O] RW 5'h0 15th Conversion of Rule Sequence
These bits are written by software, and the channels (0 to 19) are as-
signed as the 15th time in the regular conversion sequence.

Some channels are not physically connected and therefore must not be selected for conversion.
14.4.15ADC Rule Data Register (0x40: ADC_DR)
Address offset: 0x40

Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 21 | 20 | 19 [ 18 [ 17 [ 16
ADC2DATA [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
RDATA [15: 0]
R [ R T RTRIJITRIJTRIJITRITRIRITRIRIRITIPRIRIRIHR
Bit Name R/W Reset Value Function
ADC2 Converted Data
The software can read the values of these bits.
31: 16 AD[C,l:gPéA]TA R 16’h0 -In ADC1: In dual mode, these bits contain regular chan-
’ nel data for ADC2 conversion.
-In ADC2: reserved bits.
Regular data
15: 0 RDATA [15: 0] R 16'h0 'tl)'_he software can read the val_ues of these b_its. These
its are read only. They contain the conversion result
from regular channel x. The data is left or right aligned
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14.4.16 ADC injection sequence register (0x4C: ADC_JSQR)
Address offset; 0x4C
Reset value: 0x0000_0000

38 [ 30 [ 20 [ 28] 27 26 25 | 24 | 23 |22 | 2 20 19 | 18] 17 | 16
JSQ4 [4: 0] Res JSQ3 [4: 0] Res 1SQ2 [4: 1]
RW - RW - RW
15 14 13 |12 ] 1 10 9 8 | 7 6 | 5 4 3 | 2 1 | o
J5Q2[0] | Res JSQ1 [4: 0] JEXTEN [L: 0] JEXTSEL [4: 0] JL[L: O]
RW - RW RW RW RW
Bit Name R/W | Reset Value Function

4th transformation of injection sequence

These bits are written by software, and the channels (0 to 19) are as-
signed as the 4th time in the injection conversion sequence.

31:27 | JSQ4[4:0] RW 5’h0 These bits are defined by software. These bits define the number (0-19)
of the fourth conversion channel in the conversion sequence.

Note: Unlike regular translation sequences, if the length of JL [1: 0] is
less than 4, the sequence order of the translation starts from (4-JL).

26 Reserved - - -
3rd transformation of injection sequence

25:21 | JSQ3[4:0] RW 5'h0 These bits are written by software, and the channels (0 to 19) are as-
sighed as the 3rd time in the injection conversion sequence.

20 Reserved - - -
2nd transformation of injection sequence

19:15 | JSQ2 [4: 0] RW 5'h0 These bits are written by software, and the channels (0 to 19) are as-
signhed as the second time in the injection conversion sequence.

14 Reserved - - -
1st transformation of injection sequence

13:9 JSQ1 [4: 0] RW 5'h0 These bits are written by software, and the channels (0 to 19) are as-
sighed as the first time in the injection conversion sequence.

External trigger enablement and polarity selection of injection channel
These bits are set and cleared by the software to select the external
trigger polarity and enable triggering of the injection group.

00: Disable hardware trigger detection (conversion can be initiated by
software)

01: Hardware trigger detection of rising edge

10: Software triggered detection of falling edge

11: Both rising and falling edges have hardware trigger detection
Note: The software allows these bits to be written only if there is no in-
jected conversion in progress.

External event select for injected group

The external trigger events for ADC1 and ADC2 are as follows: (see
4.16 for details)

00000: Event 1

00001: Event 2

00010: Event 3

00011: Event 4

8:7 |JEXTEN[1:0]| RW 2'h0

6:2 |[JEXTSEL [4:0]] RW 5’h0 EI.lilll reservation

The trigger settings for ADC3 are as follows:
00000: Event 1
00001: Event 2
00010: Event 3
00011: Event 4

11111 reservation

Injected sequence length

These bits are written in software to define the total number of transi-
tions in the injection channel transition sequence.

1:0 JL[1: O] RW 2’h0 00: 1 conversion

01: 2 conversions

10: 3 conversions

11: 4 conversions

Some channels are not physically connected and therefore must not be selected for conversion.
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14.4.17ADC offset y register (0x60 + 0x04 (y-1): ADC_OFRYy)
Address offset; 0x60 + 0x04 * (y-1), (y =1 to 4)

Reset value: 0x0000_0000

(SATEN and OFFSETPOS are only available to ADC_OFR1 and are shared by ADC_OFR1-4)

31 30 [ 29 [ 28] 27 [ 26 25 24 23 [ 22 ] 21 [ 20 [ 19 [ 18 [ 17 [ 16
OFFSETy_EN OFFSETy_CH [4: 0] SATEN | OFFSETPOS Res
RW RW RW RW -
15 14 [ 13 [ 12 ] 11 [ 10 9 8 7 ] e[ 5] 4] 32711 TJo
Res OFFSET [11: ]
- RW
Bit Name R/W | Reset Value Function
OFFSET y Enable
This bit is written by software to enable or disable the offset value OFF-
31 OFFSETy_EN | RW 0 SETy [11: O].
Note: The software allows these bits to be written only if it is ensured
that there is no conversion in progress.
Channel selection for data offset y
These bits are written by software to define the channel to which the off-
. set of OFFSETYy [11: 0] will be applied.
30: 26 OFFSEB)]/—CH [4: RW 5’h0 Note: The software allows these bits to be written only if it is ensured
that there is no conversion in progress.
Some channels are not physically connected and therefore cannot be
selected for the data offset y.
Saturation enabling
This bit is set and cleared by the software to enable the offset to saturate
at 0x000 and OxFFF.
0: No saturation control, the offset result can be signed
25 SATEN RW 0 1: Saturation enabled, offset result unsigned and saturated at 0x000 and
OXFFF
Note: The software allows these bits to be written only if it is ensured
that there is no conversion in progress.
Positive offset
This bit is set and cleared by the software to enable positive offset.
24 | OFFSETPOS | RW 0 0- negative offset
1: positive offset
Note: The software allows these bits to be written only if it is ensured
that there is no conversion in progress.
23:12 Reserved - - -
The data offset y of the OFFSETy_CH [4: 0] channel.
These bits are written by software to define the offset y that is subtracted
from the raw converted data at the time of converting a channel (which
can be regular or injected). The channel to which data offset y is applied
must be programmed in the bit OFFSETy_CH [4: 0]. The conversion re-
sult can be read from the ADC_DR (regular conversion) or the
11/0 | OFFSET [11: 0] | RW 12°h0 IADC_JDRYyi register (injection conversion).
Note: The software allows these bits to be written only if it is ensured
that there is no conversion in progress.
If multiple offsets (OFFSETY) point to the same channel, only the offset
with the lowest x value is considered for subtraction.
For example, if OFFSET1_CH [4: 0] = 4 and OFFSET2_CH [4: 0] = 4,
this is OFFSET1 [11: 0] subtracted when switching channel 4.

14.4.18ADC Injection Data Register (0x80 + 0x04 (y-1): ADC_JDRYy)
Address offset: 0x80 + 0x04 * (y-1), (y =1 to 4)

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 1 2 | 11T o
JDATA [15: O]

R [ R T R T RTRTITTR R [T R T RTRJTRITRIJITRIRTITRTITHR
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Bit Name R/W Reset Value | Function
31:16 Reserved - - -
Injection transformation data
These bits are read-only. The conversion result of the in-
jection channel y is placed in this register. The data are
left- or right-aligned.

14.4.19ADC analog watchdog 2 configuration register (OXxAO: ADC_AWD2CR)
Address offset: 0XAO
Reset value: 0x0000 0000

15: 0 JDATA [15: 0] R 16'h0

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 AWD2CH [19:16]
- RW RW RW RW
15 [ 14 [ 13 [ 12 [ 12 [ 10 [ 9 [ 8 [ 7 [ 6 | 5 [ 4 3 2 1 0
AWD2CH [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: 20 Reserved - - -
Analog watchdog 2 channel selection
These bits are set and cleared by the software. They enable and
select the input channel to be protected by the analog watchdog

2.
AWD2CH [i] = 0: AWD2 does not monitor ADC analog input
channel i
AWD2CH [19: AWD2CH [i] = 1: AWD2 monitors ADC analog output channel i
19: 0 0] T | RW 20’h0 Simulated Watchdog 2 is disabled when AWD2CH [19: 0] =
000..0

Note: The channel selected by AWD2CH must also be selected
into the SQRI or JSQRI register.

Note: The software allows these bits to be written only if it is en-
sured that there is no conversion in progress.

Some channels are not physically connected and must not be
selected for analog watchdogs.

14.4.20ADC analog watchdog 3 configuration register (OxA4: ADC_AWD3CR)
Address offset: 0xA4
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 AWD3CH [19:16]
- RW RW RW RW
15 | 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 | 4 3 2 1 0
AWD3CH [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: 20 Reserved - - -
Analog watchdog 3 channel selection
These bits are set and cleared by the software. They en-
able and select the input channel to be protected by the
analog watchdog 3.
AWD3CH [i] = 0: AWD3 does not monitor ADC analog in-

put channel i
AWD3CH [i] = 1: AWD3 monitors ADC analog output
. . , channel i
19:0 AWD3CH [19: 0] RW 20'h0 Simulated Watchdog 3 is disabled when AWD3CH [19: 0]
=000..0

Note: The channel selected by AWD3CH must also be
selected into the SQRI or JSQRI register.

Note: The software allows these bits to be written only if
it is ensured that there is no conversion in progress.
Some channels are not physically connected and must
not be selected for analog watchdogs.
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14.4.21ADC differential mode select register (OxB0: ADC_DIFSEL)
Address offset: 0xBO
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 DIFSEL [19:16]
- RW RW RW RW
15 [ 14 [ 13 | 12 [ 11 | 10 [ 9 [ 8 | 7 [ 6 | 5 | 4 3 2 1 [ o
Difsell [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: 20 Reserved - - -
Differential mode for channels 19 to 0.
These bits are set and cleared by the software. They al-
low the selection of whether the channel is configured in
single-ended mode or differential mode.
DIFSEL [i] = 0: Analog input channel i is configured in
single-ended mode
19:0 DIFSEL [19: 0] RW 20'h0 DIFSEL [i] = 1: Analog input channel i is configured in dif-

ferential mode

Note: The DIFSEL corresponding channel or connected
to a single-ended i/O port or connected to an internal
channel must maintain a reset value (single-ended input
mode).

The software allows these bits to be written only if the

ADC is disabled.

14.4.22 ADC calibration factor register (0OxB4: ADC_CALFACT)
Address offset: 0xB4
Reset value: 0x0000 0000
31 | 30 [ 29 | 28 [ 27 [ 26 [ 25 | 24 | 23 22 21 20 19 | 18 17 16
Res CALON CAPSUC OFFSUC Res Res Res
- R RC_W1 RC_W1 -
15 14 13 J 1211107 9 8 [ 7 6 5 4 3 [ 2] 1 ] o
Res Res Res Res
Bit Name R/W Reset Value | Function
31: 23 Reserved - - -
Calibration status bit.
22 CALON R 0 1: ADC is being calibrated;
0: ADC calibration has ended or not started.
Capacitance calibration status bit.
21 CAPSUC RC_W1 0 Indicates whether the ADC capacitance calibration is
successful. Hardware setting; Software clear 0O;
Offset calibration status bit.
20 OFFSUC RC_W1 0 Indicates whether the ADC offset calibration was suc-
cessful. Hardware setting; Software clear 0;
19: 0 Reserved - - -

14.4.23ADC gain compensation register (0xC0: ADC_GCOMP)
Address offset: 0xCO
Reset value: 0x0000 0000

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

15 [ 14 13 [ 12 | 11 [ 10 [ 9 [ 8 [ 7 [ 6 | 5 | 4 | 3 [ 2 | 1 ] o

Res GCOMPCOEFF [13: 0]
- | - RW | RW [ RW [ RW [ RW | RW [ RW [ RW [ RW [ RW [ RW [ RW | RW | RW
Bit Name R/W | Reset Value | Function

31:14 Reserved - - -
13:0 GCOMPCOEFF [13: 0] | RW | 14'h0 Gain compensation coefficient
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These bits are set and cleared by software to program the
gain compensation factor.
00 100 0 000 0 000 0: Gain factor of 0.5

01 000 0 000 0 000 0: Gain factor of 1
10 000 0 000 0 000 0: Gain factor of 2
11 000 0 000 0 000 0: Gain factor of 3

This coefficient is divided by 4096 to give a gain factor
ranging from 0 to 3.999756.

Note: This gain compensation is applied only when the
GCOMP hit of the ADC_CFGR2 register is 1.

14.5 Register Description (for Common ADC)
14.5.1 ADC common control register (0x308: ADC_CCR)

Address offset: 0x308 (only ADC1 has this register)

Reset value: 0x0000 0000

31 | 30 | 29 28 27 ‘ 26‘ 25 | 24 23 22 21 ‘ 20 ‘ 19 ‘ 18 ‘ 17 ‘ 16
Res | Res | Res | VREFSEL PWRMODE | Res | VSENSESE | VREFEN Res
_ RW RW - RW RW
15‘14‘13 12 11‘10‘9 8 7 6 5 4‘3‘2‘1‘0
Res VREFBUFSEL [L: 0] VREFBUFEN DUAL [4: 0]
j RW RW RW RW‘RW‘RW’RW’RW
Bit Name R/W | Reset Value Function
31: 29 Reserved - - -

ADC reference voltage selection,

28 VREFSEL RW 0 0: VREF + as reference voltage (VREF + connected to VCCA)
1. VREFBUF as reference voltage

ADC current mode, for ADC analog circuit comparator
000: 6UA (default)

001: 7uA

010: 8uA

27:25 PWRMODE RW 3’h0 011: 9uA

100: 2 uA

101: 3uA

110: 4uA

111: 5uA

24 Reserved - - -

VSENSE Selection

This bit controls the setting and disabling of VSENSE by the
23 VSENSESE RW 0 software.

0: Temperature sensor channel disabled

1: Temperature sensor channel enabled

VREFINT enabled

This bit is set and cleared by the software to enable/disable
22 VREFEN RW 0 the VREFINT channel.

0: VREFINT channel disabled

1. VREFINT channel enabled

21:8 Reserved - - -

VREFBUF output voltage selection

00: 2.048 V

01:25V

10: 29V

11:1.024 V Note: (1.024 V VREFBUF accurate value storage
address: Ox1FFF 76B0

7:6 VREFBUFSEL | RW 2’h0 2.048 V VREFBUF precise value storage address: Ox1FFF
76B4

2.5V VREFBUF precise value storage address: Ox1FFF 76B8
2.9 V VREFBUF precise value storage address: Ox1FFF76BC
For example: the value read from address Ox1FFF 76B0 is
0x1079, indicating that the exact value of VREFBUF is 1.079
V)
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VREFBUF enabled, when VREFBUFEN = = 0, the voltage out-
put is high impedance

VREFBUFEN RwW 0 The software writes 0 and sets 0, writes 1 and sets 1,

0: Disable VREFBUF

1: VREFBUF enabled

Dual ADC mode selection

These bits are written by software to select dual ADC mode.
All ADCs Independent:

00000: standalone mode

00001 to 01001: Dual ADC mode, master-slave ADC co-oper-
ation 00001: combined synchronization rule + synchronization
injection mode

00010 Reservation

00011 Reservation

DUAL [4: 0] RW 5’h0 00100 Reservation

00101: Synchronous injection mode only

00110: Sync Rule Mode Only

00111: Fast crossover mode

01000: Slow crossover mode

01001: Alternate trigger mode only

All other combinations are reserved and must not be pro-
grammed

Note: The software allows these bits to be written only if the
ADC is disabled.
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15.
15.1

Digital-to-analog converter (DAC)

Introduction

The 12-bit buffered DAC channel can be used to convert digital signals into analog voltage signal

outputs. The DAC can be configured in 8-bit or 12-bit mode, or can be used in conjunction with a DMA

controller. When the DAC is operating in 12-bit mode, the data can be left justified or right justified.

The DAC module has two output channels, each with a separate converter. In dual-DAC mode, the

two channels can be converted independently, or they can be converted simultaneously and update

the output of the two channels synchronously. The DAC can input the reference voltage VREF+

through the pin for more accurate conversion results.

15.1.1 Main Features

2 DAC converters: 1 output channel per converter

Left or right data alignment in 12-bit mode

Synchronized update capability

Noise-wave generation

Triangular-wave generation

Dual DAC channel independent or simultaneous conversions
DMA capability for each channel

Support DMA underflow error detection

Conversion on external trigger

Input voltage reference, VREF+
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15.1.2 CAN block diagram

DACH:H & 77 2%
TSELX[3:0] ]
SWTRIGX \xi\ 3
% [a]
TIMx_TRGO &
EXTI_9[j
DMAI#:,
1241 TENX
ROGZE | e
WAVEX[1:0]
—| 12f%
BOFFx
DORXx
TN 126
Voba T
B ERL A B F BN
VREF+
Figure 15-1 DAC module block diagram
Pin name Signal type Description
VCCA Input, analog supply Analog power supply
VSSA Input, analog supply ground Ground for analog power supply
o DAC positive reference voltage,
VREF+ Input, analog positive reference voltage 23V < VREF + < VCCA
DACx_OUT1 Analog output signal DACx analog output

Note: Before enabling the DAC module, the GPIO port (PA4 corresponds to DAC1, PA5 corresponds

to DAC2) should be configured with bit simulation mode.
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15.2 DAC functional description

1521

15.2.2

15.2.3

DAC channel enable

Each DAC channel can be powered on by setting its corresponding ENXx bit in the DAC_CR register.

After a startup time (tWAKEUP), the DAC channel x is enabled.

Note: The ENXx bit enables the analog DAC channelx only. The DAC channelx digital interface is enabled

even if the ENX bit is reset.

Enable DAC Output Cache

The DAC integrates two output buffers that can be used to reduce the output impedance,and to drive

external loads directly without having to add an external operational amplifier. Each DAC channel output

buffer can be enabled and disabled using the corresponding BOFFx bit in the DAC_CR register.

DAC data format

Depending on the selected configuration mode, the data has to be written in the specified register as

described below:

Single DAC channelx, there are three possibilities:

B 8-bit data right-aligned: the user must write the data to register DAC_DHRB8RXx [7: 0] bits (actually
stored in register DAC_ DHRXx [11: 4] bits)

B 12-bit data left alignment: user must write data to register DAC_DHR12Lx [15: 4] bits (actually
stored in register DAC_ DHRx [11: 0] bits)

B 12-bit data right-aligned: user must write data to register DAC_DHR12Rx [11: 0] bits (actually stored
in register DAC_ DHRx [11: 0] bits)

Depending on the operation of the DAC_DHRYyyyx register(yyyrefers to different data formats and align-

ments), the written data is transferred tothe DAC_DHRXxregister (DHRX is the internal data storage reg-

ister x) after the corresponding shift. Subsequently, the contents of the DAC_ DHRX register are auto-

matically transferred to the DAC_DORX register by a software trigger or an external trigger.

31 24 15 7 0
SAL AN FF

1AL FF
LAAR5F

Figure 15-2 1 Data Register of DAC Channel Mode

Dual DAC channels, there are three possibilities:

B 8-bit right alignment: data for DAC channel1 to be loaded into DAC_DHRS8RD [7:0] bits (stored into
DAC_DHR1[11:4] bits) and data for DAC channel2 to be loaded into DAC_DHRS8RD [15:8] bits
(stored into DAC_DHR2[11:4] bits)

B 12-bit left alignment: data for DAC channell1 to be loaded into DAC_DHR12LD[15:4] bits (stored
into DAC_DHR1[11:0] bits) and data for DAC channel2 to be loadedinto DAC_DHR12LD [31:20]
bits (stored into DAC_DHR2[11:0] bits)
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15.2.4

B 12-bit data right alignment: the user must write DAC channel 1 data into register DAC_DHR12RD
[11: O] bits (actually stored in registerDAC_ DHR1 [11: 0] bits) and DAC channel 2 data into register
DAC_DHR12RD [27: 16] bits (actually stored in register DAC_ DHR2 [11: 0] bits)

Depending onthe operation of the DAC_DHRyyyD (yyyrefers to different data formats and alignments)

registers, the written data is transferred to theDAC_ DHR1 andDAC_ DHR2 registersafter correspond-

ing shifts (DAC_ DHR1 andDAC_ DHR2 are internal data holding registers). The DAC_DHR1 and

DAC_DHR?2 registers will then be loaded into the DAC_DOR1 and DAC_DOR?2 registers, respectively,

either automatically, by software trigger or by an external event trigger.

31 24 15 [ 0

SHL AT 55
1245 L2555
124 A%} 55

Figure 15-3 Data registers in dual-DAC channel mode

DAC conversion

Data cannot be written directly to the register DAC_DORX, any data output to the DAC channel x must
be written tothe DAC_DHRXxregister (data is actually written to the DAC_DHR8Rx, DAC_DHR12LXx,
DAC_DHR12Rx, DAC_DHR8RD, DAC_DHR12LD, or DAC_DHR12RD registers).

If hardware trigger is not selected (TENXx position '0" of register DAC_CR),the data stored in register
DAC_ DHRXx is automatically transferredtoregister DAC_DORXxafter 1 APB1 clock cycle. If the hard-
ware trigger is selected (TENXx position '1' of the register DAC_CR), the data transfer is completed 3
APBL1 clock cycles after the trigger occurs.

Once data is loaded fromthe DAC_DHRxregister into the DAC_DORKX register,the output becomes
active after the elapse of a setup time(tSETTLING), the length of whichvaries depending on the supply

voltageand analog output load.

APB1_CLK ‘

DHR O0xABC

..><....

><..........-.....

DOR OxABC

Figure 15-4 Timing diagram for conversion when TEN =0
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15.2.5

DAC output voltage

The digital input is linearly converted to an analog voltage output via DAC, which ranges from 0 to Vrer
The analog output voltages on each DAC channel pin are determined by the following equation:

DAC output = VREF + x (DOR/4096).

15.2.6 DAC trigger selection
If the TENX bit is set to 1, the DAC transition may be triggered by some external event (timing counter,
external interrupt line, and software operation). The TSELX[3:0] control bits determine which one, out of
12 possible events, will trigger conversion.
Table 15-1 External triggers
TSELX [3: 0] DAC trigger signal selection
DAC1 DAC2
0 Sw Sw
1 tim8_trgo tim8_trgo
2 tim7_trgo tim7_trgo
3 tim15_trgo tim15_trgo
4 tim2_trgo tim2_trgo
5 tim4_trgo tim4_trgo
6 exti9 exti9
7 tim6_trgo tim6_trgo
8 tim3_trgo tim3_trgo
9 tim18_trgo tim18_trgo
10 tim1_trgo tim1_trgo
11 tim5_trgo tim5_trgo

Each time the DAC detects a rising edge output from the selected timer TRGO or external interrupt
line 9 (event),the data most recently stored in the register DAC_ DHRXx is transferred to the register
DAC_DORXx. After 3 APBL1 clock cycles, the register DAC_DORKX is updated to a new value.

If the software trigger is selected, the conversion starts once the SWTRIG bit is set. After data is
transferred from the DAC_DHRX register to the DAC_DORX register, the SWTRIG bit is automatically
cleared '0' by the hardware.

Note:

1. The TSELXx [3: 0] bit can no longer be changed when ENx is' 1.

2. If software trigger is selected, only one APBL1 clock cycle is required to transfer data from register
DAC_DHRXx to register DAC_DORX.

3.When the output cache is enabled (DAC_CR.BOFFx = 0),the trigger frequency cannot exceed 1 M;
When the output buffer is turned off (DAC_CR.BOFFx = 1),the frequency of triggering cannot exceed
15 M.
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15.2.7 DMA functionality

152.7.1

15.2.7.2

DMA request

Each DAC channel has a DMA capability. Two DMA channels are used to service DAC channel DMA
requests.

If DAC_CR.DMAENX position '1', once an external trigger (not a software trigger) occurs, a DMA re-
guest will be generated after 3 clock cycles, and then the data of the DAC_DHRX register is transferred
to the DAC_DORX register.

In dual DAC mode (i.e. using the DAC_DHR12RD or DAC_DHR12LD or DAC_DHRB8RD register), only
one bit in DAC_CR.DMAENX should be set.

DMA underrun

The DMA requests of the DAC do not have a buffer queue, so if the second external trigger arrives
before receiving a reply to the first external trigger (the first request), no new DMA request will be
issued and the DMA underflow flag DMAUDRX in the DAC_SR register will be set to "1", reporting an
error. The DMA data transfer is then disabled and no more DMA requests are processed. The DAC
channel continues to convert the original data.

The software shall clear the flag by writing "1" to the register DMAUDRX, zero the DMAEN position of
the used DMA channel, and re-initialize the DMA and DAC channels in order to properly restart the
DMA transfer. At the same time, the software should modify the DAC trigger conversion frequency to
reduce the DMA workload to avoid the recurrence of DMA underflow.

For each DAC channel, an interrupt is also generated if its corresponding DMAUDRIEX bit in the

DAC_CR register is enabled.

15.2.8 Noise generation

A linear feedback shift register (LFSR) may be utilized to generate pseudo noise of varying amplitude.
Set the DAC_CR.WAVE [1: 0] bit to '01' to select the DAC noise generation function. The preloaded
value in LFSR is OXAAA According to a specific algorithm, the value of this register is updated after 3
APBL1 clock cycles after each trigger event.

Setting the DAC_CR.MAMPXx [3: 0] bit can mask some or all of the LFSR data, so that the resulting
value of LFSR is added to the value of DAC_DHRX. If the resulting value overflows, the maximum
value that the register can keep is written to DAC_DORYX, and if the resulting value does not overflow,
the value is written to DAC_DORX.

If the register LFSR value is 0x000, a '1' (anti-lock mechanism) is injected.

Setting the DAC_CR.WAVEX [1: 0] position '0' may reset the generation algorithm of the LFSR wave-

form.
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Figure 15-5 DAC LFSR register algorithm

APB1_CLK
DHR X 0x000
DOR OxAAA 0xD55
SWTRIG

Figure 15-6 DAC conversion with LFSR waveform generation (software triggered)

APB1_CLK
DHR X 0x000
DOR OxAAA 0xD55
TIMx_TRGO

Figure 15-7 DAC conversion with LFSR waveform generation (hardware triggered)

Note:

1. In order to generate noise, the DAC trigger must be enabled, i.e. set the TENXx bit of the DAC_CR

register to '1

2. If the value of DAC_DHR changes, the value of the LFSR register will be reset to OXAAA;

3. If DAC_CR.TENxchanges from "1" to "0", the value of the LFSR register will also be reset to OXAAA.

15.2.9 Triangle-wave generation

A small amplitude triangular wave can be added to DC or slowly changing signals. Set the
DAC_CR.WAVEX [1: 0] bit to "10" or "11"to select the triangular wave generation function of the DAC.
Set the DAC_CR.MAMPX[3: Q] bit to select the amplitude of the triangular wave. The internal triangular
wave counter accumulates 1 for 3 APB1 clock cycles after each trigger event. Once the configured

amplitude is reached, the counter is decremented down to 0, then incremented again and soon.
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It is possible to reset triangle wave generation by resetting the DAC_CR.WAVEX[1:0] bits.
Note: When the base value is the maximum value of the register DAC_DORYX, the output of DAC_DORX

is the maximum value regardless of the value of MAMPX.

A

MAMPX[3:01 5 KIB &
+DAC_DHRxE(E

DAC_DHRx#{E

v

Figure 15-8 DAC Triangular Wave Generation

APB1_CLK 1 1
DHR X OxABC
DOR 0xABC OxABD
SWTRIG

Figure 15-9 DAC conversion with triangulation generation of graphs (software triggered)

APB1_CLK
DHR X OxABC
DOR 0xABC 0xABD
TIMx_TRGO

DAC conversion15-10 with triangulation generation (hardware triggered)
Note:
1. In order to generate a triangular wave, DAC trigger must be enabled, i.e. set the TENXx bit of the
DAC_CR register to '1';
2. The MAMPx[3:0] bits must be configured before enabling the DAC, otherwise they cannot be
changed.
3. Change the value ofDAC_DHR, and the triangular wave counter is reset to 0;

4. If DAC_CR.TENx changes from "1"to"0", the triangular wave counter is also reset to 0.
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15.2.10Dual DAC channel conversion
When two DACs are required to work at the same time, in order to make more effective use of bus
bandwidth, the DAC integrates three registers for dual DAC mode: DHR8RD, DHR12RD and DHR12LD.
Only one register needs to be accessed to drive two DACs at the same time. Operation of DAC channels.
Eleven possible conversion modes are possible using the dual DAC channels and these dual registers.
These conversion modes can still be operated through a separate DAC_DHRX register when only one
DAC channel is used.
All modes are described in the paragraphs below.
15.2.10.1 Independent trigger without use of waveform generator
Set the DAC conversion mode in the following order:
B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TENZ2;
B Configure different trigger sources by setting different values in the DAC_CR.TSEL1 [3:0] and
DAC_CR.TSEL2 [3:0] bits;
B Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).
When a DAC channel 1 trigger event occurs, the value of register DHR1 (after 3 APB1 clock cycles
delay) is passed into register DAC_DORL1.
When a DAC channel 2 trigger event occurs, the value of register DHR2 (after 3 APB1 clock cycles
delay) is passed into register DAC_DOR?2.
15.2.10.2 Independent triggers using the same LFSR
Set the DAC conversion mode in the following order:
B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TENZ2;
B Configure different trigger sources by setting different values in the DAC_CR.TSEL1 [3:0] and
DAC_CR.TSEL2 [3:0] bits;
B Configure the two DAC channel WAVEXx[1:0] bits as “01” and the same LFSR mask value in the
MAMPX[3:0] bits ;
B Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).
When a DAC channel 1 trigger event occurs, the LFSR1 counter value with the same mask isadded to
the DAC_ DHRL1 register value, delayed by 3 APB1 clock cycles, andthe result is passed into register
DAC_DOR1, and then the LFSR1counteris updated.
When a DAC channel 2 trigger event occurs, the LFSR2 counter value with the same mask isadded to
the DAC_ DHR2 register value, delayed by 3 APB1 clock cycles, andthe result is passed into register
DAC_DOR2, and then the LFSR2counteris updated.
15.2.10.3 Independent triggering using different LFSRs
Set the DAC conversion mode in the following order:
B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TENZ2;
B Configure different trigger sources by setting different values in the DAC_CR.TSEL1 [3:0] and
DAC_CR.TSEL2 [3:0] bits;
B Configure the two DAC channel DAC_CR.WAVEx[1:0] bits as “01” and the different LFSR mask
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value in the MAMPXx[3:0] bits;

B Load the dual DAC channel conversion data into the required DHR registers (DHR12RD, DHR12LD,
or DHR8RD).

When a DAC channel 1 trigger event occurs, the LFSR1 counter value masked according to

DAC_CR.MAMP1 [3: O]is added to the DAC_ DHR1 register value, delayed by 3 APB1 clock cycles,and

the result is passed into the register DAC_DOR1, and then the LFSR1 counter isupdated.

When a DAC channel 2 trigger event occurs, the LFSR2 counter value masked according to

DAC_CR.MAMP2 [3: O]is added to the DAC_ DHR2 register value, delayed by 3 APB1 clock cycles,and

the result is passed into the register DAC_DORZ2,and then the LFSR2 counter is updated.

15.2.10.4 Independent trigger with same triangle generation

Set the DAC conversion mode in the following order:

B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TENZ2;

B Configure different trigger sources by setting different values in the DAC_CR.TSEL1 [3:0] and
DAC_CR.TSEL2 [3:0] bits;

B Configure the two DAC channel WAVEX [1:0] bits as “1x” and the same maximum amplitude value
in the MAMPXx [3:0] bits

B Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).

When a DAC channel 1 trigger event occurs, the same triangular wave amplitude plus theDAC_ DHR1

register value is delayed by 3 APBL1 clock cycles,and the result is passed into register DAC_DOR1, and

then the DAC channel 1 triangular wavecounter is updated.

When a DAC channel 2 trigger event occurs, the same triangular wave amplitude plus theDAC_ DHR2

register value is delayed by 3 APBL1 clock cycles,and the result is passed into register DAC_DORZ2, and

then the DAC channel 2 triangular wavecounter is updated.

15.2.10.5 Independent trigger with different triangle generation

Set the DAC conversion mode in the following order:

B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TEN2;

B Configure different trigger sources by setting different values in the DAC_CR.TSEL1 [3:0] and
DAC_CR.TSEL2 [3:0] bits;

B Configure the two DAC channel WAVEXx [1:0] bits as “1x” and the different maximum amplitude
value in the DAC_CR.MAMPXx [3:0] bits

B Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).

When a DAC channel 1 trigger event occurs, the triangular wave amplitude set by DAC_CR.MAMP1 [3:

0] plus theDAC_ DHR1 register value, delay 3 APB1 clock cycles, andthe result is passed into the

register DAC_DOR1, and then the DAC channel 1 triangular wave counter isupdated.

When a DAC channel 2 trigger event occurs, the triangular wave amplitude set by DAC_CR.MAMP?2 [3:

0] plus theDAC_ DHR2 register value, delay 3 APB1 clock cycles, andthe result is passed into the

register DAC_DORZ2, and then the DAC channel 2 triangular wave counter isupdated.
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15.2.10.6

Simultaneous non-hardware conversion

Follow the following procedure to set the DAC conversion mode:

Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).

In this configuration, after one APB1 clock cycle,the values of the DAC_DHR1 and DAC_ DHR2 regis-

ters are passed into the DAC_DOR1 and DAC_DOR?2 registers, respectively.

15.2.10.7

Simultaneous trigger without wave generation

Set the DAC conversion mode in the following order:

Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TEN2;

Configure the same trigger source for both DAC channels by setting the same value in the
DAC_CR.TSEL1[3:0] and DAC_CR.TSELZ2[3:0] bits;

Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).

When a trigger event occurs, after a delay of 3 APB1 clock cycles, the values of the DAC_DHR1 and
DAC_ DHR2 registers are passed into the DAC_DOR1 and DAC_DOR?2 registers,respectively.

15.2.10.8

Simultaneous trigger with same LFSR generation

Set the DAC conversion mode in the following order:

Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TEN2;

By setting the DAC_CR.TSEL1 [3: 0] and DAC_CR.TSEL2 [3: 0] bits to the same value, two DAC
channels are configured to use the same trigger source respectively;

Configure the two DAC channel DAC_CR.WAVEX[1:0] bits as “01” and the same LFSR mask value
in the MAMPX[3:0] bits;

Loading dual DAC channel conversion data into the required DHR registers (DHR12RD, DHR12LD,
or DHR8RD);

When a trigger event occurs, the masked LFSR1 counter value set by DAC_CR.MAMP1 [3: O]is added

to the DAC_ DHRL1 register value, delayed by 3 APB1 clock cycles,and the result is passed into the
DAC_DORL1 register, and then the LFSR1 counter is updated.
Similarly, the masked LFSR2 counter value set by DAC_CR.MAMP1 [3: O]is added to the DAC_ DHR2

register value, delayed by 3 APBL1 clock cycles,and the result is passed into register DAC_DORZ2, and

then the LFSR2counter is updated.

15.2.10.9

Simultaneous trigger with different LFSR generation

Set the DAC conversion mode in the following order:

Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TEN2;

Configure the same trigger source for both DAC channels by setting the same value in the
DAC_CR.TSEL1[3:0] and DAC_CR.TSEL2[3:0] bits;

Configure the two DAC channel DAC_CR.WAVEX[1:0] bits as “01” and the different LFSR mask
value in the MAMPXx[3:0] bits;

Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).
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When a trigger event occurs, the LFSR1 counter value with the same mask isadded to the DAC_ DHR1
register value, delayed by 3 APB1 clock cycles, and the result is passed into register DAC_DOR1, and
then the LFSR1 counter is updated.
At the same time, the LFSR2 counter value with the same mask isadded to the DAC_ DHR2 register
value, delayed by 3 APBL1 clock cycles, and the result is passed into the register DAC_DORZ2, and then
the LFSR2 counter is updated.
15.2.10.10 Simultaneous trigger with same triangle generation
Set the DAC conversion mode in the following order:
B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TENZ2;
B Configure the same trigger source for both DAC channels by setting the same value in the
DAC_CR.TSEL1[3:0] and DAC_CR.TSELZ2[3:0] bits
B Configure the two DAC channel WAVEX [1:0] bits as “1x” and the same maximum amplitude value
in the MAMPXx [3:0] bits
B Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).
When a trigger event occurs, the same triangular wave amplitude is added to theDAC_ DHR1 register
value. After a delay of 3 APBL1 clock cycles,the result is passed intotheregister DAC_DOR1, and then
the triangular wave counter is updated.
At the same time, the same triangular wave amplitude is added to theDAC__ DHR2 register value, and
after a delay of 3 APBL1 clock cycles,the result is passed intotheregister DAC_DOR2, and then the tri-
angular wave counter is updated.
15.2.10.11 Simultaneous trigger with different triangle generation
Set the DAC conversion mode in the following order:
B Set the two DAC channel trigger enable bits DAC_CR.TEN1 and DAC_CR.TEN2;
B Configure the same trigger source for both DAC channels by setting the same value in the
DAC_CR.TSEL1[3:0] and DAC_CR.TSELZ2[3:0] bits
B Configure the two DAC channel WAVEXx [1:0] bits as “1x” and the different maximum amplitude
value in the DAC_CR.MAMPXx [3:0] bits
B Load the dual DAC channel conversion data into the required DHR register (DHR12RD, DHR12LD,
or DHR8RD).
When a trigger event occurs, the triangular wave amplitude set by DAC_CR.MAMP1 [3: O]is added to
the DAC_ DHR1 register value, and after a delay of 3 APBL1 clock cycles,the result is passed into
theregister DAC_DOR1, and then the triangular wave counter is updated.
At the same time, the triangular wave amplitude set by DAC_CR.MAMP?2 [3: O]is added to the DAC_
DHR2 register value, delayed by 3 APB1 clock cycles,and the result is passed into theregister
DAC_DOR2, and then the triangular wave counter is updated.
15.2.11DAC output clock
The DAC output clock (DAC_CLK) is the analog sample data clock, which is only valid when
DAC_CR.ENx is "1". When selecting hardware trigger, it is detected that 5 APB1 cycles after the rising
edge of the hardware trigger TRGO are set to "1", and O is cleared after holding 3 APB1 cycles; When
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selecting software trigger, it is detected that 3 APB1 cycles after the rising edge of software trigger are

set to "1", and 0 is cleared after maintaining 3 APB1 cycles; When not triggering is selected, 2 APB1

periods in which data changes are detected are set to "1", and 0 is cleared after holding 3 APB1 periods.

Note: Afterl APB1 cyclewhenTENxchangesfrom "1"to "0", the data of DAC_DOR is updated to the data

in the DAC_DHR register. When DAC_DOR is updated to a new value, a DAC_CLK is generated; Oth-

erwise, no DAC_CLK will be generated.

15.3

TIMX registers

These peripheral registers must be operated in a word (32-bit) manner.

1531

DAC Control Register (DAC_CR)
Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 | 27 | 26 | 25 [ 24 | 23 [ 22 | 21 | 20 [ 190 | 18 17 16
Res DMAUDRIE2 | DMAEN2 MAMP?2 [3: 0] WAVO'?Z [t TSEL2 [3: 0] TEN2 | BOFF2 | EN2
RW RW RW RW |RW |RW |RW |RW |RW |RW |RW | RW | RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Res DMAUDRIEL | DMAEN1 MAMP1 [3: 0] WAVO'? [t TSEL1 [3: 0] TEN1 | BOFF1 | EN1
RW Rw |Rw |Rw [Rw |[rRw [RW [Rw [RwW [ rRW |RW [RW | RW RW
Bit Name R/W Reset Value Function
31 Reserved - - -
DMAUDRIE2: DAC Channel 2 DMA Underflow Interrupt
Enable
30 DMAUDRIE2 RW 0 0: Masked DAC channel 2 DMA underflow interrupt;
1: DAC channel 2 DMA underrun interrupt enabled.
DMAEN2: DAC channel2 DMA enable
29 DMAEN2 RwW 0 0: Masked DAC channel 2 DMA mode;
1: DAC channel 2 DMA mode enabled.
MAMP2 [3: 0]: DAC channel 2 mask/amplitude selector
0000: Unmasked LSFR bit O/triangular wave amplification
value equal to 1;
0001: Unmasked LSFR bit [1: O]/triangular wave amplifica-
tion value equal to 3;
0010: Unmasked LSFR bit [2: O]/triangular wave amplifica-
tion value equal to 7;
0011: Unmasked LSFR bit [3: O]/triangular wave amplifica-
tion value equal to 15;
0100: Unmasked LSFR bit [4: O]/triangular wave amplifica-
tion value equal to 31;
0101: Unmasked LSFR bit [5: O]/triangular wave amplifica-
28: 25 MAMP2 RW 4’h0 tion value equal to 63;
0110: Unmasked LSFR bit [6: O]/triangular wave amplifica-
tion value equal to 127,
0111: Unmasked LSFR bit [7: O)/triangular wave amplifica-
tion value equal to 255;
1000: unmasked LSFR bit [8: O)/triangular wave amplifica-
tion value equal to 511;
1001: unmasked LSFR bit [9: O)/triangular wave amplifica-
tion value equal to 1023;
1010: unmasked LSFR bit [10: O)/triangular wave amplifica-
tion value equal to 2047;
=2 1011: unmasked LSFR bit [11: O]/triangular wave amplifi-
cation value equal to 4095;
WAVE?2 [1: 0]: DAC channel2 noise/triangle wave genera-
tion enable
24: 23 WAVE2 RW 2’h0 00: wave generation disabled
01: noise wave generation enabled
1x: triangle wave generation enabled
22:19 TSEL2 RW 4’h0 TSEL2 [3: 0]: DAC channel 2 trigger selection
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0000: sw

0001: tim8_trgo
0010: tim7_trgo
0011: tim15_trgo
0100: tim2_trgo
0101: tim4_trgo
0110: exti9
0111: tim6_trgo
1000: tim3_trgo
1001 tim18_trgo
1010: tim1_trgo
1011 tim5_trgo
Other: Reserved

18

TEN2

RW

TENZ2: DAC channel?2 trigger enable
0: Close DAC channel 2 trigger
1: Enable DAC channel 2 trigger

17

BOFF2

RW

BOFF2: DAC channel2 output buffer disable
0: DAC channel 2 output buffer enabled;
1: DAC channel 2 output buffer disabled.

16

EN2

RW

EN2: DAC channel2 enable
0: Close DAC channel 2;
1: Enable DAC channel 2;

15

Reserved

14

DMAUDRIE1

RW

DMAUDRIE1: DAC Channel 1 DMA Underflow Interrupt
Enable

0: Masked DAC channel 1 DMA underflow interrupt;

1: DAC channel 1 DMA underrun interrupt enabled.

13

DMAEN1

RW

DMAEN1: DAC channel 1 DMA enable
0: Mask DAC channel 1 DMA mode;
1: DAC channel 1 DMA mode enabled.

12: 9

MAMP1

RW

4'h0

MAMP1 [3: 0]: DAC channel 1 mask/amplitude selector
These bits are written by software to select mask in wave
generation mode or amplitude in triangle generation mode.
0000: Unmasked LSFR bit O/triangular wave amplification
value equal to 1;

0001: Unmasked LSFR bit [1: O/triangular wave amplifica-
tion value equal to 3;

0010: Unmasked LSFR bit [2: O)/triangular wave amplifica-
tion value equal to 7;

0011: Unmasked LSFR bit [3: O]/triangular wave amplifica-
tion value equal to 15;

0100: Unmasked LSFR bit [4: O]/triangular wave amplifica-
tion value equal to 31;

0101: Unmasked LSFR bit [5: O]/triangular wave amplifica-
tion value equal to 63;

0110: Unmasked LSFR bit [6: O/triangular wave amplifica-
tion value equal to 127,

0111: Unmasked LSFR bit [7: O)/triangular wave amplifica-
tion value equal to 255;

1000: unmasked LSFR bit [8: O)/triangular wave amplifica-
tion value equal to 511;

1001: unmasked LSFR bit [9: O]/triangular wave amplifica-
tion value equal to 1023;

1010: unmasked LSFR bit [10: O)/triangular wave amplifica-
tion value equal to 2047;

= 1011: unmasked LSFR bit [11: O)/triangular wave amplifi-
cation value equal to 4095;

8.7

WAVE1

RwW

2’h0

WAVEL [1: 0]: DAC channel 1 noise/triangle wave genera-
tion enable

These bits are set and cleared by the software.

00: wave generation disabled

01: noise wave generation enabled

1x: triangle wave generation enabled

6:3

TSEL1

RW

4’h0

TSEL1 [3: 0]: DAC channel 1 trigger selection
0000: sw

0001: tim8_trgo

0010: tim7_trgo

0011: tim15_trgo

0100: tim2_trgo
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0101: tim4_trgo

0110: exti9

0111: tim6_trgo

1000: tim3_trgo

1001 tim18_trgo

1010: tim1_trgo

1011 tim5_trgo

Other: Reserved

TEN1: DAC channell trigger enable

2 TEN1 RW 0 0: Close DAC channel 1 trigger

1: Enable DAC channel 1 trigger
BOFF1: DAC channell output buffer disable
1 BOFF1 RwW 0 0: DAC channel 2 output buffer enabled,;
1: DAC channel 2 output buffer disabled.
EN1: DAC channel 1 enable

0 EN1 RW 0 0: Close DAC channel 1;

1: Enable DAC channel 1;

15.3.2 DAC software trigger register (DAC_SWTRIGR)
Address offset: 0x04
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 SWTRIG2 SWTRIG1
w w
Bit Name R/W Reset Value Function
31: 2 Reserved - - -

SWTRIG2: DAC channel2 software trigger
1 SWTRIG2 w 0 0: Close DAC channel 2 software trigger;
1: Enable DAC Channel 2 software trigger.
SWTRIG1: DAC channell software trigger
0 SWTRIG1 w 0 0: No trigger

1: Trigger

15.3.3 12-bit right-aligned data hold register for DAC channel 1 (DAC_DHR12R1)
Address offset: 0x08

Reset value: 0x0000 0000

310 | 30 [ 29 [ 28 [ 27 | 26 | 25 [ 24 | 23 | 22 | 21 | 20 | 19 [ 18 [ 17
Res
15 [ 14 [ 13 [ 12 117 [ 10 | 9 [ 8 [ 7 [ 6 | 5 | 4 T 3 | 2 T 1

DACCIDHR [11: Q]

Res RW [RW |[RW |RW |RW |RW [RW [RW |RW_ |RW [RW
Bit Name R/W Reset Value Function
31:12 Reserved - - -
DACCI1DHR [11: 0]: 12-bit right-aligned data of DAC
; channel 1
11/0 DACCIDHR RW 12’0 These bits are written by software. They specify 12-bit
data for DAC channell.

15.3.4 12-bit left-aligned data hold register for DAC channel 1 (DAC_DHR12L1)
Address offset: 0x0C
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 [ 112 [ 10 [ 9 [ 8 [ 7 | 6 | 5 [ 4 3 | 2 ] 1 ] o
DACCI1DHR [11: 0] Res

269/1101



PY32E407 Reference Manual

[RW JRW JRW [RW [RW [RW [JRW [RW [RW [RW [RW [RW ] |
Bit Name R/W Reset Value Function
31:16 Reserved - - -
DACCI1DHR [11: 0]: 12-bit left-aligned data of DAC
. , channel 1
15:4 DACCIDHR RW 12’0 These bits are written by software. They specify 12-bit
data for DAC channell.
3:0 Reserved - - -

15.3.5 8-bit right-aligned data hold register for DAC channel 1 (DAC_DHR8R1)

Address offset: 0x10
Reset value: 0x0000 0000

31 | 30 | 20 | 28 | 27 [ 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 [ 18 | 17 | 16
Res
15 | 14 | 13 [ 12 [ 11 | 10 | o | 8 7 | e | 5 ] a | 3] 2] 1o
DACCIDHR [7: 0]
Res
rRw |rRw |rRw [rRw |[rRw |[Rw [RrRw |RwW
Bit Name R/W Reset Value Function
31:8 Reserved - - -
DACCI1DHR [7: 0]: 8-hit right-aligned data of DAC
. , channel 1
70 DACCIDHR RW 8ho These bits are written by software. They specify 8-bit
data for DAC channell.

15.3.6 12-bit right-aligned data hold register for DAC channel 2 (DAC_DHR12R?2)

Address offset: 0x14

Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 [ 27 | 26 | 25 [ 24 [ 23 [ 22 [ 212 | 20 [ 19 [ 18 [ 17
Res
15 [ 14 [ 13 [ 12 11 [ 10 [ 9 [ 8 [ 7 T 6 [ 5 T 4 T 3 T 2 T 1
Res DACC2DHR [11: 0]
RW [RW [RW [RW [RW [RW [RW [RW J[RW J[RW J[RW
Bit Name R/W Reset Value Function
31:12 Reserved - - -
DACC2DHR [11: 0]: 12-bit right-aligned data of DAC
, channel 2
11/0 DACCZDHR RW 12’0 These bits are written by software. They specify 12-bit
data for DAC channel?2.

15.3.7 12-bit left-aligned data hold register for DAC channel 2 (DAC_DHR12L?2)

Address offset: 0x18

Reset value: 0x0000 0000

30 [ 30 [ 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 22 | 20 [ 19 [ 18 | 17 [ 16
Res
15 [ 14 [ 13 [ 12 | 112 [ 10 [ 9 [ 8 [ 7 ] 6 | 5 ] 4 3 [ 2 T 1 T o
DACC2DHR [11: 0]
RW |[RW [RW |RW [RW |RW [RW |RW [RW |RW [RW |RW Res
Bit Name R/W Reset Value Function
31:16 Reserved - - -
DACC2DHR [11: 0]: 12-bit left-aligned data of DAC
channel 2
15: 4 DACC2DHR RW 8'h0 These bits are written by software. They specify 12-bit
data for DAC channel2.
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3:0 | Reserved [ - ] - [ -

15.3.8 8-bit right-aligned data hold register for DAC channel 2 (DAC_DHR8R?2)

Address offset: 0x1C

Reset value: 0x0000 0000
310 | 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 [ 383 [ 2 | 1 ] 0
Res DACC2DHR [7: 0]
RW [JRW [RW [RW [RW [RW [RW [RW
Bit Name R/W Reset Value Function
31:8 Reserved - - -
DACC2DHR [7: 0]: 8-bit right-aligned data of DAC
, channel 2
7.0 DACCZDHR RW 8ho These bits are written by software which specifies 8-bit
data for DAC channel2.

15.3.9 12-bit right-aligned data hold register for dual DAC (DAC_DHR12RD)

Address offset: 0x20
Reset value: 0x0000 0000

31 | 30 [ 29 | 28 27 | 26 | 25 [ 24 [ 23 [ 22 [ 21 | 20 [ 19 [ 18 [ 17 [ 16
Res DACC2DHR [11: 0
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
Res DACCIDHR [11: 0]
RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW
Bit Name R/W Reset Value Function
31: 28 Reserved - - -
DACC2DHR [11: 0]: 12-bit right-aligned data of DAC
. , channel 2
27:16 DACCZDHR RW 12’0 These bits are written by software. They specify 12-bit
data for DAC channel2.
15:12 Reserved - - -
DACCI1DHR [11: 0]: 12-bit right-aligned data of DAC
, channel 1
11/0 DACCIDHR RW 12’0 These bits are written by software. They specify 12-bit
data for DAC channell.

Address offset: 0x24
Reset value: 0x0000 0000

15.3.1012-bit left-aligned data holding register for dual DAC (DAC_DHR12LD)

31 [ 30 [ 29 [ 28 [ 27 [ 26 [ 25 | 24 | 23 [ 22 | 21 | 20 19 [ 18 [ 17 [ 16
DACC2DHR [11: 0 Res
RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 1 10 9 8 7 6 5 4 | [ 1 [ 0
DACCIDHR [11: 0] Res
RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW [RW
Bit Name R/W Reset Value Function
DACC2DHR [11: 0]: 12-bit left-aligned data of DAC
. , channel 2
31: 20 DACC2DHR RW 12’0 These bits are written by software. They specify 12-bit
data for DAC channel2.
19: 16 Reserved - - -
DACCI1DHR [11: 0]: 12-bit left-aligned data of DAC
channel 1
15: 4 DACCI1DHR RW 12’h0 These bits are written by software. They specify 12-bit
data for DAC channell.
3:0 Reserved - - -
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15.3.118-bit right-aligned data hold register for dual DAC (DAC_DHR8RD)

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 [ 12 | 112 | 10 | 9 [ 8 7 | 6 ] 5 1 4 ] 38 ] 2 ] 1 ] o
DACC2DHR [7: 0] DACCIDHR [7: 0]
RW [RW [RW [RW [RW [RW [RW J[RW RW JRW [RW [RW [RW [RW [RW [RW
Bit Name R/W Reset Value Function
31:16 Reserved - - -
DACC2DHR [7: 0]: 8-bit right-aligned data of DAC
channel 2
15: 8 DACC2DHR RW 8’h0 These bits are written by software which specifies 8-bit
data for DAC channel?2.
DACCI1DHR [7: 0]: 8-hit right-aligned data of DAC
. , channel 1
70 DACCIDHR RW 8ho These bits are written by software. They specify 8-bit
data for DAC channell.

15.3.12DAC channel 1 data output register (DAC_DOR1)

Address offset: 0x2C

Reset value: 0x0000 0000

31 [ 30 [ 29 [ 28 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 210 [ 20 [ 19 [ 18 [ 17
Res
15 [ 14 [ 13 [ 12 11 [ 10 [ 9 [ 8 [ 7 T & [ 5 [ 4 T 3 T 2 T 1
R DACCI1DOR [11: 0]
es R [R [R [R [R [R [R [R [R [R [R
Bit Name R/W Reset Value Function
31:12 Reserved - - -
DACCI1DOR [11: 0]: DAC channel 1 data output
11/0 DACC1DOR R 12°h0 This bit is read-only which specifies the output data of
DAC channel 1.

15.3.13DAC channel 2 data output register (DAC_DOR?2)

Address offset: 0x30

Reset value: 0x0000 0000

310 | 30 [ 29 [ 28 [ 27 | 26 | 25 [ 24 [ 23 [ 22 [ 20 [ 20 [ 19 [ 18 [ 17 [ 16
Res
15 [ 14 [ 13 | 12 11 [ 10 [ 9 [ 8 [ 7 6 5 4 | 3 ] 2 | 1 ] o
Res DACC2DOR [11: 0]
[R [rR [rR [rR [R [R R [R [R [R [R
Bit Name R/W Reset Value Function
31:12 Reserved - - -
DACC2DOR [11: 0]: DAC channel2 data output
11/0 DACC2DOR R 12’h0 This bit is read-only which specifies the output data of
DAC channel 2.

272/1101



PY32E407 Reference Manual

15.3.14DAC status register (DAC_SR)
Address offset: 0x34
Reset value: 0x0000 0000

31 [ 30 29 28 | 27 [ 26 | 25 [ 24 [ 23 [ 22 [ 21 | 20 [ 19 [ 18 [ 17 | 16
Res DMAUDR?2 Res
RC W1
15 | 14 13 12 [ 12 [ 10 [ 9 [ 8 [ 7 [ 6 [ 5 [ 4 [ 3 [ 2] 1] 0
Res DMAUDR1 Res
RC W1
Bit Name R/W Reset Value Function
31: 30 Reserved - - -
DMAUDR?2: DAC channel 2DMA underrun flag
This bit is set by hardware and cleared by software (by
writing it to 1).
0: No DMA underrun error condition occurred for DAC
29 DMAUDR2 RC W1 0 channel2;
1: DMA underrun error condition occurred for DAC
channel2.
Note: Only after DMAUDR?2 is set to "1", the software
can write "1" and clear "0"
28: 14 Reserved - - -
DMAUDR1: DAC channel 1 DMA underrun flag
This bit is set by hardware and cleared by software (by
writing it to 1).
0: No DMA underrun error condition occurred for DAC
13 DMAUDR1 RC w1 0 channell;
1: DMA underrun error condition occurred for DAC
channell.
Note: Only after DMAUDRLI is set to "1", the software
can write "1" and clear "0"
12: 0 Reserved - - -

15.3.15DAC output select register (DAC_OC)
Address offset: 0x38
Reset value: 0x0000 0000

31 [ 30 [ 29 28 [ 27 | 26 | 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
Res Res
15 [ 14 | 13 12 [ 12 J 10 [ 9 [ 8 ] 7 [ 6 ] 5] 4] 32 1 0
INTEREN2 | INTEREN1
Res Res
RW RW
Bit Name R/W Reset Value Function
31: 2 Reserved - - -
INTEREN2: DAC2 voltage output to on-chip periph-
eral/GPIO select signal.
This bit is controlled by software.
1 INTEREN2 RW 0 0: DAC2 voltage output to GPIO
1: DAC2 voltage output to on-chip peripheral (ADC,
COMP)
INTEREN1: DAC1 voltage output to on-chip periph-
eral/GPIO select signal.
This bit is controlled by software.
0 INTEREN1 RW 0 0: DAC1 voltage output to GPIO
1: DAC1 voltage output to on-chip peripheral (ADC,
COMP)
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16. Voltage Reference Buffer
16.1 Introduction

The embedded VREFBUF is used as the ADC reference voltage, and this voltage can also be output
through VREF+.
16.2 Functional description

The embedded reference voltage supports four voltages and can be configured through the

VREFBUFSEL of ADC_CCR:

®m  VREFBUFSEL =00: 1.08 V

B VREFBUFSEL =01:2.048 V

B VREFBUFSEL=10:25V

B VREFBUFSEL=11:29V

By setting VREFBUFEN of ADC_CCR to enable VREFBUF, the user must set VREFBUFSELand the

VREFBUF outputreaches the desired value.
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17. Comparator (COMP)

17.1

Introduction

The chip integrates four general-purpose comparators (COMP), namely COMP1,COMP2,COMP3 and

COMP4. The COMP1/4 module can be used as a separate module or in combination with timer.

The 1/0 used as the comparator analog function must be configured in analog mode in the GPIO

register and need to enable the PAD of the comparator mapping in the SYSCFG.P * ANA2EN (* = A,

B, C, F) register.
The COMP features:

Low power mode wake-up
Analog signal conditioning

Current control of Cycle by cycle when connected to the PWM output from the timer

17.1.1 Main features

Supports voltage comparison function, each comparator has configurable positive or negative input
for flexible voltage selection

® Multiple I/O pins

® 64 gear voltage division of VCC/VREFCMP

® Temperature sensor output

® DAC output

Programmable speed and power consumption

Programmable hysteresis function

Write protection for configuration registers (LOCK function)

The output can be connected to the input of I/O or timer

® OCREF_CLR event (cycle by cycle current control)

® Brakes for fast PWM shutdown

Each COMP has interrupt generation capability and is used as a chip to wake up from low power
mode (sleep/low power sleep/stop mode) (via EXTI)

Provides software to configure the digital filtering time to enhance the anti-interference capability
of the device

It supports output blanking to reduce switching noise.

Support window comparison function
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17.1.2 CAN block diagram
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Figure 17-1 COMP structural block diagram

17.2 COMP functional description
17.2.1 Inputs and outputs of COMP
The comparator output can be connected to the I/O pin through an alternate function at the GPIO.

The output can also be internally redirected to a variety of timer input for the following purposes:

B Emergency shut-down braking of PWM signal when brake input is connected

B OCREF_CLR event (cycle by cycle current control)

B Input capture for timing measures

See the following table for the connection relationship between comparator output and other modules.

276/1101



PY32E407 Reference Manual

Table 17-1 COMP Module Digital Output

COMP1_OUT COMP2_OUT COMP3_OUT COMP4_oOUT
PAO PB9 PB15 PB14
PA6 PA2 PC2 PB1
PA11 PA7 PB7 PB6
PB8 PA12 EXTI20 EXTI21

EXTI18 EXTI19 Iptim1_ext trig8 Iptim1_ext trig9
Iptim1_ext trig6 Iptim1_ext trig7 tim1l_bk2 tim1l_bk2
timl bk2 timl bk2 tim8_bk2 tim8_bk2
tim8_bk2 tim8_bk2 tim20_bk2 tim20_bk2
tim20_bk2 tim20_bk2 timl bk timl bk
tim1l bk tim1l bk tim8 bk tim8 bk
tim8_bk tim8_bk tim15_ bk tim15_ bk
tim15 bk tim15 bk tim16_bk tim16_bk
tim16 bk tim16 bk tim17 bk tim17 bk
tim17 bk tim17 bk tim3_ti3_inl tim2_ti3_inl
tim2_ti4 inl tim2_ti4 in2 tim2_ti2_in3 tim2_ti2_in4
tim2_ti2 inl tim2_ti2_in2 tim3_ti2_in3 tim3_ti2_in4
tim3 ti2_inl tim3 _ti2_in2 tim4 _ti2_in3 tim4 _ti2_in4
tim4 ti2_inl tim4 _ti2_in2 tim5_ti2_in3 tim5_ti2_in4
tim5 _ti2_inl tim5_ti2_in2 tim18 ti2 in3 tim18 ti2_in4
tim18 ti2_inl tim18 ti2_in2 tim15 ti2_in2 timl til in4
timl til inl tim15 ti2_inl tim1 til in3 tim2_til in4
tim2_til inl timl_til in2 tim2_til in3 tim3_til in4
tim3_til inl tim2_til in2 tim3_til in3 tim4_til in4
tim4_til inl tim3_til in2 tim4_til in3 tim8 til in4
tim8_til inl tim4_til in2 tim8 til in3 tim18 til in4
tim18 til inl tim8_til in2 tim18 til in3 tim5_til in7
tim15 til in2 tim18 til in2 tim5_til in6 tim1_ocref clr3
tim5_til in4 tim15 til in3 tim1l_ocref Ir2 tim2_ocref clr3
tim1l_ocref clrO tim5_til in5 tim2_ocref _Ir2 tim3_ocref clr3

tim2_ocref _clr0

tim1l_ocref clrl

tim3_ocref _Ir2

tim4_ocref clr3

tim3_ocref clr0

tim2_ocref clrl

tim4_ocref _Ir2

tim5_ocref clr3

tim4_ocref clr0

tim3_ocref clrl

tim5_ocref _[r2

tim8 ocref clr3

tim5_ocref clr0

tim4_ocref clrl

tim8_ocref [r2

tim15_ ocref clr3

tim8_ocref clr0

tim5_ocref clrl

tim15_ocref [r2

tim16_ocref clr3

tim15_ocref clrO

tim8_ocref clrl

tim16_ocref [r2

tim17_ocref clr3

tim16_ocref clrO

tim15_ocref cirl

tim17_ocref _Ir2

tim18_ocref clr3

tim17_ocref clrO tim16_ocref cirl tim18 ocref [r2 timl_etr4
tim18 ocref clrO tim17_ocref cirl timl_etr3 tim2_etr4
timl_etrl tim18 ocref cirl tim2_etr3 tim3_etr4
tim2_etrl timl_etr2 tim3_etr3 tim4_etr4
tim3_etrl tim2_etr2 tim4_etr3 tim5_etr4
tim4_etrl tim3_etr2 tim5_etr3 tim8_etr4
tim5_etrl tim4_etr2 tim8_etr3 tim18 etr4

tim8_etrl tim5_etr2 tim18 etr3 -

timl18 etrl tim8_etr2 - -

- timl18_etr2 - -

17.2.2 Clock and Reset of COMP

The COMP module has two clock sources:

1. PCLK (APB clock) for configuring registers

2. COMP clock, used to simulate the clock of the circuit after the output of the comparator (analog output

latch circuit, glitch filter circuit, etc.), can be selected as PCLK, LSE or LSI. When it is necessary to work

in stop mode, LSE or LSl is selected(selected byRCC _CCIPR.COMPXSEL).
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17.2.3

17.2.4

Note:

1. PCLK and COMP CLK are simultaneously enabled by the RCC_APB2ENR.COMPEN bit. If enabled,
PCLK and COMP CLK are turned off, and if enabled, PCLK and COMP CLK are turned on simultane-
ously.

2. Before entering Stop mode, it is recommended to configure COMP CLK to LSI or LSE; Then go into
stop mode.

The reset signal of the COMP module includes APB reset source and COMP module software reset
source

1. APB reset, used to reset the COMP register

2. COMP software reset, used to reset the circuit after the analog comparator output (analog output
latch circuit, glitch filter circuit, etc.)

Note: When the reset signal in RCC_APB2RSTRis enabled, the entire COMP module is reset, including
the registers and the circuit used to simulate the output of the comparator.

Filtering function of COMP

If the working environment of the chip is harsh, the output of the comparator will appear noisy signals.
When the digital filter module is enabled, all noise signals whose pulse width is less than the set time of
COMPx_ FR.FLTCNT [15: 0] in the output waveform of the comparator can be filtered out. If the digital
filter module is disabled, the output signal of the digital filter module is the same as the input signal.
Note: To set the COMP filtering time, enabling filtering should be completed before COMPx_CSR.EN is
enabled.

The filtering schematic is as follows:

COMPEN

FLTEN

Hok 24 |_|
s B

— I — — P! TN
SN2 7] 1]

BT R
MY

Ve PR SN ] B FLTCNT 25 A7 85 BEE AT E ,  WERZ RS (8] 9 (FLTCNT+1)T

Figure 17-2 COMP filtering schematic diagram
COMP's Locking Mechanism
The comparator can be used in safety aspects, such as overcurrent and temperature protection. For
applications with specific functional safety requirements, it is necessary to ensure that the comparator
registers cannot be overwritten in case of false register access and PC (program counter) confusion.
Thus, the comparator control and status registers can be write-protected (read-only).
If the writing of the register is complete,the COMPx_CSR.LOCK bitis set tol, which makes the entire
register read-only, includingthe COMPx_CSR.LOCK bit.

The write protection can only be reset by the system reset of the chip.
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17.2.5 Output blanking of COMP
The purpose of the blanking function is to prevent current from tripping at the beginning of the regulated
PWM cycle due to a short current spike (usually the recovery current in the anti-parallel diode of the
power switch). The blanking function is realized by setting the output comparison signal of the timer.
Theblanking source for each comparator channel is individually selected by the software viathe
BLANKSEL [2: 0] bit of the corresponding COMPx_ CSR register. The inverted blanking signal is logi-

cally AND with the comparator output to produce the output of the comparator channel.

PWM
Current limit ____________ | I S | S
curet —— \ \
Raw comp output ” -I -I
Blanking window |_| |_|
Final comp out H H
COMP OUT
COMP OUT(to TIM_BK..)
Blank —O

Figure 17-3 comparator blanking
17.2.6 Window Mode of COMP

The comparator in window mode is simply referred to as a window comparator, and the function of the
window comparator is to monitor whether the analog voltage is within the low and high threshold ranges.
Window comparators can be created using COMP1 and COMP2, and COMP3 and COMP4. The mon-
itored analog voltages are simultaneously connected to the positive inputs of both comparators, and the
high threshold and the low threshold are connected to the negative inputs of both comparators, respec-
tively.

By enabling theCOMP1/3_ CSR.WINMODE bit, the positive inputsof the COMP1 and COMP2, or
COMP3 and COMP4 comparators can beconnected together, saving an I/Opin.

For example, when WINMODE of Comparator 1 is set to 1, the positive input of the comparator will be
connected to COMP2_INP, and when WINMODE is cleared to 0, the positive input of the comparator

will be connected to COMP1_INP. Doing so can save an 10 pin.
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Input COMP1_INP
g COMP1_OUT
— —>
Upper threshold Lcomp1 INM, | COMP1 S

\COMP2_INP
+

COMP2_0OUT
— _—
Lower threshold COMP2
» -
COMP2_INM

Figure 17-4 Window comparator
17.2.7 Hysteresis function of COMP

The comparator has a programmable hysteresis to avoid false output jumps in the presence of noisy
signals. By enablingthe HYST bits of COMP1_CSR, COMP2_CSR, COMP3_CSR, and COMP4_CSR,
the hysteres is function of COMP1, COMP2, COMP3, and COMP4, respectively, can be turned on.

INP

INM
INM-Vhyst

COMP_OUT

Figure 17-5 Hysteresis schematic diagram of comparator
17.2.8 Power Consumption Mode of COMP

The power consumption and transmission delay of the comparator can be adjusted to achieve specific

applications. This function is selected bythe PWRMODE [1: 0] bitofthe COMPx_CSR register.
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17.2.9 Low Power Mode of COMP
Mode Description
Sleep Mode There was no effect on COMP.
The comparator interrupt may cause the device to exit sleep mode
Low power operating No effect
mode
No impact.

Low power sleep mode

The comparator interrupt may cause the device to exit a low-power sleep mode

There was no effect on COMP.

Stop mode The comparator interrupt may cause that device to exit the stop mode
Standby mode The COMP register is powered down and must be reinitialized after exiting standby mode
17.2.10Interruption of COMP

17.2.11

The output of the comparator is connected to the EXTI controller (Extended interrupts and events) inside
the chip. Each comparator has its own EXTI line and is capable of generating interrupts or events. The
same mechanism is used as a low power wake-up.
TIMX registers
COMP1 Control and Status Register (COMP1_CSR)

Address offset: 0x00

Reset value: 0x0000 0000

31

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

LOCK

COMP1_OUT TIM_EXTI_OUT_SEL VCSEL VCDIV_EN VCDIV PWRMODE HYST
Res. Res.

RW

R RW RW RW RW RW RW RW RW RW RW RW

15

14 13 12 11 10 @ 8 7 6 5 4 3 2 il 0

POLARITY

BLANKSEL WINMODE INPSEL INNSEL COMP_VSEL EN
Res. Res

RW

RW RW RW RW RW RW RW

Bit

Name R/W Reset Value Function

31

COMP1_CSR register lock

Software set, system reset and clear. When set, all 32
LOCK RW 0 bits of the COMP1_CSR register are locked

0: Unlocked, can read and write the entire register

1: Lock, entire register read-only

30

COMP1 output
COMP1_OUT R 0 This read-only flag reflects the level of the comparator 1
output before the polarity selector.

29

COMP1 output to TIM/EXTI select.
TIM_EXTI_OUT_SEL RwW 0 0: Direct output to TIM/EXTI without filtering
1: Atfter filtering, output to TIM/EXTI

28

Reserved - - -

27

Voltage source selection signal
VCSEL RwW 0 0: VREFCMP
1. VCC

26

VREFCMP enable signal
VCDIV_EN RW 0 0: Close VREFCMP
1: Enable VREFCMP

25: 20

VREFCMP output voltage selection signal

6 'h0: 1/64 partial voltage source (VREFCMP)
6 'h1: 2/64 partial voltage source (VREFCMP)
VCDIV RW 6’h0 6 'h2: 3/64 partial voltage source (VREFCMP)

6 'h3E: 63/64 partial voltage source (VREFCMP)
6 'h3F: 64/64 partial voltage source (VREFCMP)

19:18

PWRMODE RW 2’h0 Comparator 1 power mode selector
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It selects the power consumption and as a consequence
the speed of the comparator 1

2 'h0: High speed mode (250 uA)

2 'h1: medium speed mode (5 uA)

2’h2: Reserved

2'h3: Reserved

17 Reserved - -

16 HYST RW 0

Comparator 1 hysteresis selector
0: Hysteresis function turned off
1: Hysteresis function enabled

15 POLARITY RW 0

Comparator 1 polarity selector
0: Non-inverted
1: Inverted

14:12 BLANKSEL RW 3’h0

Comparator 1 Blanking Signal Selection
3 'h0: no blanking signal

3 'hl: timl_oc5

3 'h2: tim2_oc3

3 'h3: tim3_oc3

3 'h4: tim8_oc5

3 'h5: tim18_oc3

3 'h6: tim15_ocl

3'h7:tim4_oc3

11 WINMODE RW 0

COMP1 window mode enabled

0: Window mode is not enabled, and the positive input of
COMP1 is COMP1_INP

1: Window mode enabled, the positive input of COMP1
is the same as the positive input of COMP2

10 Reserved - -

9 INPSEL RW 0

Signal selection of COMP1 non-reverse input
0: PA1
1: PB1

8.6 Reserved - -

5:3 INNSEL RW 3’h0

Signal selection of COMP1 reverse input
3 'h0: PAO

3'hl: PA4

3'h2: DAC1_CH1

3'h3: DAC2_CH1

3 'h4: VREFCMP

3'h5: TS_VIN

3’h6: Reserved

2:1 COMP_VSEL RW 2’h0

VREFCMP voltage divider source voltage selection sig-
nal

2 'h0: The output voltage divider source is 0.6 V

2 'h1: The output voltage divider is 1.5 V

2 'h2: The output voltage divider is 2.048 V

2 'h3: The output voltage divider source is 2.5 V

Note: (0.6 V VREFCMP accurate value storage address:
Ox1FFF 7E40

1.5 V VREFCMP accurate value storage address:
OX1FFF 7E44

2.048 V VREFCMP accurate value storage address:
Ox1FFF 7E48

2.5V VREFCMP precise value storage address:
Ox1FFF 7E4C

For example: the value read from address Ox1FFF 7E40
is 0x0599, indicating that the accurate value of VrefBuf
is 0.599 V)

0 EN RW 0

Comparator 1 enable
0: Close COMP1
1. Enable COMP1

17.2.12 COMP1 Filter Register(COMP1_FR)
Address offset: 0x04
Reset value: 0x0000 0000

31 |30|29|28|27|26|25|24 23|22|21|20|19|18|17| 16
FLTCNT1

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 0
FLTEN1
Res.
RW
Bit Name R/W Reset Value Function
Comparator 1 sampling filter counter
The sampling clock is APB or LSI or LSE. The filter
31: 16 FLTCNT1 RW 16'h0 count value is con_flgurable. When the number of sam-
ples reaches the filter count value, the results are output
consistently.
Sample count period = FLTCNT [15: 0]
15:1 Reserved - - -
Comparator 1 digital filter function configuration
0 FLTEN1 RW 0 0: Digital filtering function disabled

1: Digital filtering function enabled
Note: This bit must be set when EN of COMP1 is 0

17.2.13Comparator 2 control and status register (COMP2_CSR)

Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 |27|26| 25 |24|23|22|21 | 20 19 18 17 16
LOCK COMP2_OUT | Tim_EXTI_OUT_SEL. PWRMODE
Res. Res.
RW R RW RW RW
15 14 13 12 11|1o 9 8|7|6 5|4 3 2 1 0
POLARITY BLANKSEL INPSEL INNSEL HYST | EN
Res Res Res
RW RW RW | RW RW RW | RW | RW RW RW
Bit Name R/W Reset Value Function
COMP2_CSR register lock
Software set, system reset and clear. When set, all 32 bits
31 LOCK RW 0 of the COMP2_CSR register are locked
0: Unlocked, can read and write the entire register
1: Lock, entire register read-only
COMP2 output
30 COMP2_OUT R 0 This read-only flag reflects the level of the comparator 2
output before the polarity selector.
COMP2 output to TIM/EXT]I select.
0: Without filtering, ana_out (which can be blanked) is di-
29 TlM—EXEL—OUT—S RW 0 rectly output to TIM/EXTI
1: Select comp_out output to PAD (can be filtered, can be
blanked) and output to TIM/EXTI
28: 20 Reserved - - -
Comparator 2 power mode selector
It selects the power consumption and as a consequence
the speed of the comparator 2.
19: 18 PWRMODE RW 2’h0 2 'h0: High speed mode (250 uA)
2 'h1: medium speed mode (5 uA)
2’h2: Reserved
2’h3: Reserved
17:16 Reserved - - -
COMP2 polarity selection
15 POLARITY RW 0 0: Non-inverted
1: Inverted
COMP2 blanking signal selection
3 'h0: no blanking signal
3'hl: timl_oc5
3'h2: tim2_oc3
14:12 BLANKSEL RW 3'h0 3 'h3: tim3_oc3
3 'h4: tim8_oc5
3'h5: tim18 oc3
3'h6: tim15 ocl
3'h7:tim4 oc3
11:10 Reserved - - -
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INPSEL

RW

Signal selection of COMP2 non-reverse input
0: PA3
1. PA7

8:6

Reserved

5:3

INNSEL

RW

3’h0

Signal selection of COMP2 reverse input
3'h0: PA2

3'hl: PAS

3'h2: DAC1_CH1

'h3: DAC2_CH1

'h4: VREFCMP

h

'h6: Reserved

Reserved

3
3
3'h5: TS_VIN
3

HYST

RW

Comparator 2 hysteresis selector
0: Hysteresis function turned off
1: Hysteresis function enabled

EN

RW

Comparator 2 enable
0: Close COMP2
1: Enable COMP2

17.2.14COMP2Filter Register(COMP2_FR)
Address offset: 0x14
Reset value: 0x0000 0000

31 |3o |29|28| 27 |26|25 24|23|22|21|20|19|18| 17 | 16
FLTCNT2 [15: 0]
RW RW RW [ RW RW RW | RW [ RW [ RW [ RW | RW | RW | RW | RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLTEN2
Res.
RW
Bit Name R/W Reset Value Function
Comparator 2 sampling filter counter
The sampling clock is APB or LS| or LSE. The filter
3116 FLTCNT2 RW 16'h0 count value is con_flgurable. When the number of sam-
ples reaches the filter count value, the results are output
consistently.
Sample count period = FLTCNT [15: O]
15:1 Reserved - -
Comparator 2 digital filter function configuration
0: Digital filtering function disabled
0 FLTEN2 RW 0 1: Digital filtering function enabled
Note: This bit must be set when EN of COMP2 is 0

17.2.15COMP3Control and Status Register(COMP3_CSR)
Address offset: 0x20
Reset value: 0x0000 0000

31 30 29 28 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 19 18 17 16
LOCK COMP3_OUT | Tim_EXTI_OUT_SEL. PWRMODE
Res. Res.
RW R RW RW RW
15 14 13 12 11 10 9 8|7|6 5 |4 3 2 1 0
POLARITY Blanksell [2: 0] WINMODE INPSEL INNSEL HYST | EN
Res. Res Res
RW RW RW | RW RW RW RW | RW | RW RW RW
Bit Name R/W Reset Value Function
COMP3_CSR register lock
Software set, system reset and clear. When set, all 32 bits of
31 LOCK RW 0 the COMP3_CSR register are locked
0: Unlocked, can read and write the entire register
1: Lock, entire register read-only
30 COMP3 _OUT R COMP3 output
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This read-only flag reflects the level of the comparator 3 out-
put before the polarity selector.

29

TIM_EXTI_OUT_S
EL

RW

COMP3 output to TIM/EXTI select.

0: Without filtering, ana_out (which can be blanked) is di-
rectly output to TIM/EXTI

1: Select comp_out output to PAD (can be filtered, can be
blanked) and output to TIM/EXTI

28: 20

Reserved

19:18

PWRMODE

RW

2’h0

Comparator 3 power mode selector

It selects the power consumption and as a consequence the
speed of the comparator 3.

2 'h0: High speed mode (250 uA)

2 'h1: medium speed mode (5 uA)

2’h2: Reserved

2’h3: Reserved

17:16

Reserved

15

POLARITY

RW

COMP3 polarity selection

These bits can be read and written by software.
0: Non-inverted

1: Inverted

14:12

BLANKSEL

RW

3’h0

COMP3 blanking signal selection
3 'h0: no blanking signal

3 'hl: timl_oc5

3 'h2: tim3_oc3

3 'h3: tim2_oc4

3 'h4: tim8_oc5

3 'h5: tim18_oc4

3 'h6: tim15_ocl

3'h7:tim4_oc3

11

WINMODE

RW

COMP3 window mode enabled

0: Window mode is not enabled, and the positive input of
COMP3 is COMP3_INP

1: Window mode enabled, the positive input of COMP3 is the
same as the positive input of COMP4

10

Reserved

INPSEL

RW

Signal selection of COMP3 non-reverse input
0: PAO
1: PC1

8.6

Reserved

INNSEL

RW

3’h0

COMP3 Signal Selection without Reverse Input
3'h0: PCO

3'hl: PF1

3'h2: DAC1_CH1

3'h3: DAC2_CH1

3 'h4: VREFCMP

3'h5: TS_VIN

3’h6: Reserved

Reserved

HYST

RW

Comparator 3 hysteresis selector
0: Hysteresis function turned off
1: Hysteresis function enabled

EN

RW

COMP3 enable bit
0: Close COMP3
1: Enable COMP3

17.2.16 COMP3Filter Register(COMP3_FR)

Address offset: 0x24
Reset value: 0x0000 0000

31 | 30 |29|28| 27 |26|25 24|23|22|21|20|19|18| 17 | 16
FLTCNT3 [15: 0]
RW RW RW | RW RW RW RW [ RW | RW [ RW | RW | RW | RW | RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLTEN3
Res.
RW
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Bit

Name

RIW

Reset Value

Function

31:16

FLTCNT3

RW

16’h0

Comparator 3 sampling filter counter

The sampling clock is APB or LSI or LSE. The filter
count value is configurable. When the number of sam-
ples reaches the filter count value, the results are output
consistently.

Sample count period = FLTCNT [15: O]

15:1

Reserved

FLTENS

RW

Comparator 3 digital filter function configuration

0: Digital filtering function disabled

1: Digital filtering function enabled

Note: This bit must be set when EN of COMP3is 0

17.2.17COMP4 Control and Status Register(COMP4_CSR)

Address offset: 0x30
Reset value: 0x0000 0000

31 30 29 28 | 27 |26| 25 |24| 23 |22| 21 | 20 19 18 17 16
LOCK. COMP4_OUT | Tim_EXTI_OUT_SEL. PWRMODE
Res. Res.
RW R RW RW RW
15 14 13 12 11|1o 9 8|7|6 5|4 3 2 1 0
POLARITY Blanksell [2: 0] INPSEL INNSEL HYST EN
Res Res Res
RW RW | RW | RW RW RW | RW | RW RW RW
Bit Name R/W | Reset Value Function
COMP4_CSR register lock
Software set, system reset and clear. When set, all 32 bits of
31 LOCK RW 0 the COMP4_CSR register are locked
0: Unlocked, can read and write the entire register
1: Lock, entire register read-only
COMP4 output
30 COMP4_OUT R 0 This bit is read-only and reflects the output level of COMP4
after polarity selection.
COMP4 output to TIM/EXTI select.
0: Without filtering, ana_out (which can be blanked) is di-
29 TIM—EXEL—OUT—S RW 0 rectly output to TIM/EXTI
1: Select comp_out output to PAD (can be filtered, can be
blanked) and output to TIM/EXTI
28: 20 Reserved - - -
COMP4 power consumption mode selection
It selects the power consumption and as a consequence the
speed of the comparator 3.
19:18 PWRMODE RW 0 2 'h0: High speed mode (250 uA)
2 'h1: medium speed mode (5 uA)
2’h2: Reserved
2’h3: Reserved
17:16 Reserved - - -
COMPA4 polarity selection
15 POLARITY RW 0 These pits can be read and written by software.
0: Non-inverted
1: Inverted
Comparator 4 Blanking Signal Selection
3 'h0: no blanking signal
3 'h1: tim3_oc4
3'h2: tim8_oc5
14: 12 BLANKSEL RW 3’h0 3'h3: tim15_oc2
3'h4: timl_oc5
3'h5: tim18 oc4
3 'h6: tim15_ocl
3'h7:tim4_oc3
11: 10 Reserved - - -
COMP4 does not reverse input signal selection, software can
be read and written
9 INPSEL RW 0 0: PBO
1: PE7
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8.6

Reserved

5:3

INNSEL

RW

3’h0

COMP4 Signal selection without reverse input
3'h0: PB2
3'hl: PE8
3'h2: DAC1_CH1
'h3: DAC2_CH1
'h4: VREFCMP

'h6: Reserved

Reserved

3
3'h

3'h5: TS_VIN
3

HYST

RW

COMP4 hysteresis function enable control
0: Hysteresis function turned off
1: Hysteresis function enabled

EN

RW

COMP4 enable bit

These bits can be read and written by software.
0: Close COMP4

1: Enable COMP4

17.2.18 COMPA4Filter Register(COMP4_FR)

Address offset: 0x34

Reset value: 0x0000 0000

31 |3o |29|28| 27 |26|25 24|23|22|21|20|19|18| 17 | 16
FLTCNT4 [15: 0]
RW RW RW | RW RW RW [ RW [ RW [ RW [ RW | RW | RW | RW | RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLTEN4
Res.
RW
Bit Name R/W Reset Value Function
Comparator 4 Sampling Filter Counter
The sampling clock is APB or LSI or LSE. The filter
3116 FLTCNT4 RW 16'h0 count value is con_flgurable. When the number of sam-
ples reaches the filter count value, the results are output
consistently.
Sample count period = FLTCNT [15: 0]
15:1 Reserved - - -
Comparator 4 digital filter function configuration
0: Digital filtering function disabled
0 FLTEN4 RW 0 1: Digital filtering function enabled
Note: This bit must be set when EN of COMP4 is 0
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18. Operational amplifier (OPA)

18.1 Overview
There are 3 op amps embedded, each with two inputs and one output. Three 1/0Os can be connected

to external pins, enabling any type of external interconnection. Operational amplifiers can be internally
configured as programmable gain amplifiers, as an amplifier with forward gains ranging from 2 to 32
and inverting gains ranging from -1 to -31.
The positive input can be connected to an internal DAC. The output is connected to the internal ADC.
18.1.1 Main features
Rail-to-rail input and output voltage ranges
Low input bias current
Low input offset voltage

High frequency gain bandwidth

High speed mode for better conversion rates
18.1.2 CAN block diagram

|
VINP<0> [——

VINP<1> $7
VINP<2> [lR———
+

VINP<3> or DAC_VOUT_INT |$17
| OPA_VOUT_INT
OPA_OUT
VINM<0>

r: VINM<1> z 1
%

- N

T

e —— e —

Figure 18-1 OPA module block diagram
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18.2 OPA functional description

18.2.1

18.2.2

18.2.3

18.2.4

There are multiple modes of OPA. Each OPA can be enabled individually and the output is high im-
pedance when disabled.

The OPA output redirects to the internal ADC channel
By setting the OPAINTOEN bit in the OPAXx_CSR register, the op amp output can be internally redi-
rected to the ADC channel. In this case, the GPIO mapped to OPAx_VOUT is released and may be
used for other purposes. The ADC may measure the OPAx_VOUT voltage internally.

OPA reset and clocks
The OPA clock provided by the RCC is synchronized with the PCLK2 (APB2 clock). A clock enable
control bit is provided in the RCC controller. The OPAXx_CSR.OPAEN bit is used toenable and disa-
blethe OPA module. If the OPA register configuration needs to be changed, it must be before enabling
the OPAEN bit to avoid impact on the output. When the output of the op amp is no longer needed, the
OPA can be disabled to save power consumption. When OPA is disabled, all previously set configu-
rations are retained.

Initial configuration

Underthe default configuration conditions,OPAwill be innormal operationmodeusing standard perfor-

mance.SettingOPAx_ CSR.OPAHSM willcauseOPAto switch to high-speed modeandgeta better con-

version rate. By default, three input/output signals of OPA are connected to external pins.

Once the OPAEN bit in the OPAXx_CSR register is set, OPA works. The two input pins and output pins

are connected as shown in the table below and the default connection settings can also be changed.

Note: The input and output pins must be configured in analog mode (default state) in the corresponding

GPIOx_MODER register.

Signal connection

The connection of the op amp pins is determined by the OPAx_CSR register. The connection of 3

operational amplifiers (OPAx, x = 1 ... 3) is described in the table below.

Table 18-1 Possible Connections of Operational Amplifier

Signal 10 pin Internal Comment
PA3 (VINM <0 >) Controlled by OPA1_VMSEL and
OPA1_VINM PC5 (VINM < 1 >) OPA1_OUT or PGA OPA1 PGA GAIN
PA1 (VINP <0 >)
OPA1_VINP PA3 (VINP < 1 >) DAC1_VOUT_INT Controlled by OPA1_VPSEL
PA7 (VINP <2 >)
OPA1 output PA2 ADC1 IN13 Controlled by OPA1_INTOEN
PA5 (VINM < 0 >) Controlled by OPA2_VMSEL and
OPAZ_VINM PC5 (VINM < 1 >) OPA2_OUT or PGA OPA2 PGA_GAIN
PA7 (VINP <0 >)
PB14 (VINP < 1 >)
OPA2_VINP PBO (VINP < 2 >) - Controlled by OPA2_VPSEL
PD14 (VINP < 3 >)
OPA2 output PA6 ADC2 IN16 Controlled by OPA2 _INTOEN
PB2 (VINM < 0 >) Controlled by OPA3_VMSEL and
OPA3_VINM PB10 (VINM < 1 >) OPA3_OUT or PGA OPA3 PGA GAIN
PBO (VINP <0 >)
OPA3_VINP PB13 (VINP < 1 >) DAC2_VOUT_INT Controlled by OPA3_VPSEL
PA1 (VINP <2 >)
OPA3 output PB1 ADC2 IN18,ADC3 IN13 Controlled by OPA3 _INTOEN
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18.3 OPA mode

18.3.1

18.3.2

Both the inputs and outputs of the op amp are accessible via the GPIO. The op amps can be used in a

variety of configuration environments:

B Independent mode (external gain setting mode)

B PGA mode (programmable gain amplifier mode)

Independent mode (external gain setting mode)

Starting first with the OPAx_CSR default value and the GPIOx _MODER default state, once the

OPAXx_CSR.OPAEN bit isset, the two input pins and the output pins are connected to the op amp.

This default configuration causes OPA to run in normal mode. OPA can modify the configuration through

the following process:

B By setting OPAx_CSR.OPAHSM, OPA is set to the op amp high speed mode toobtain a high con-
version rate.

OPA standalone mode configuration process:

1) Configure OPAX_CSR.VP_SEL/OPAX_CSR.VM_SEL Select VINP/VINM

2) Configure the OPAX_CSR.INTOEN bitto enableOPAXx_VOUT_EXT

3) The voltage isoutput to OPAX_VOUT_EXTas long as the OPAx _CSR.OPAEN bitis configured

|
VINP<0> [———
VINP<1>

$7
VINP<2> [——] +

VINP<3> or DAC_VOUT_INT I$17
| OPA_VOUT_INT
I OPA_OUT
I
VINM<0> !

r: VINM<1> 37 )
- LN

T

OPA_VOUT_EXT

e —— e —

Figure 18-2 Independent mode (external gain setting mode)

Programmable gain amplifier mode

OPA programmable gain amplifier mode configuration process:

1) Configure the OPAx_CSR.VM_SELDbit to 2'bl0and connect the feedback resistorto the inputof
OPAX_VINM

2) Configure the OPAX_CSR.PGA _GAIN bits to5 'b00000~5'h00101so that the internal gain is2, 4,
8, 160r32

3) Configure the OPAx_CSR.VP_SELbit to 2'b00 and connectthe input of thecorresponding GPIOto
the OPAX_VINP terminal

4) Configure the OPAx_CSR.INTOEN bittoenable OPAx_VOUT_EXTorOPAXx_VOUT_INT
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5) As long as the OPAx _CSR.OPAEN bit isset,the voltageon the OPAXx_VINP pin isamplified ac-
cording to the selectedgainand isvisible on the OPAx_VOUT_EXTorOPAx_VOUT_INT pin.

Note: To avoid saturation, the input voltage must be kept below VCCA divided by the selected gain.

VINP<0> é—
VINP<1>
VINP<2>
VINP<3> or DAC_VOUT_INT l——
|

|

OPA_VOUT_INT
OPA_OUT = -

VINM<0> B———

VINM<1> B——]

:

1
|
|
|
|
|
|
|
|
|
I
|
! =
|
X
1

OPA_VOUT_EXT
|

Figure 18-3 PGA mode, internal gain setting (x2/x4/x8/x16/x32) reverse input not used
18.3.3 Programmable gain amplifier mode with external filtering

OPA programmable gain amplifier mode configuration process with external filtering:

1) Configure the OPAXx_CSR.VM_SELDbit to 2'b10so that the feedback resistor is connected tothe in-
put of OPAX_VINM

2) Configure the OPAx_CSR.PGA _GAIN bits to 5'b610000 ~ 5'b10101s0 that the internal gain of the
filteredVINM < 0 >pinis2, 4, 8, 160r32

3) Configure the OPAx_CSR.VP_SELbit to connectthe input of thecorrespondingGPIOto the
OPAXx_VINP

4) Configure the OPAXx_CSR.INTOEN bitto enableOPAXx_VOUT_EXT

5) Aslong asthe OPAx _CSR.OPAEN bit isconfigured,the voltageon the OPAX_VINP pin is amplified
according to the selected gainandis visible on the OPAx_VOUT_EXT pin.

Any external connection on the VINM can be used in parallel with the internal PGA, for example, a

capacitor can be connected between OPA_OUT and the VINM for filtering purposes.
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|
VINP<0> fF——
VINP<1>
VINP<2> ——

VINP<3> or DAC_VOUT_INT S@i

I OPA_OUT
I

VINM<0> !

VINM<1> 37

:

OPA_VOUT_INT

Allows optional
low-pass -
filtering X

\_‘,‘__________,_._‘-—-—’—
Equivalent to

I
I
I
OPA_VOUT_EXT %

Figure 18-4 PGA mode, internal gain settings (x2/x4/x8/x16/x32) reverse input for filtering
18.3.4 Programmable gain amplifier, forward or inverting mode with external bias

OPA forward or inverting mode configuration process with external bias:

1) Configure the OPAXx_CSR.VM_SELbit to 2'b10so that the feedback resistor is connected tothe in-
put ofOPAX_VINM

2) The OPAx_CSR.PGA _GAIN bits are configured to be 5'b01000to 5'001101such thatthe reverse
gain at the VINM < 0 >terminal is— 1, — 3,
-7,-15,-31/non-reverse gain of 2, 4, 8, 16, 32

3) Configure the OPAx_CSR.VP_SELbit to connectthe input of thecorrespondingGPIOto the
OPAX_VINP

4) Configure the OPAx_CSR.INTOEN bitto enableOPAX_VOUT_EXTorOPAx_VOUT_INT

5) As long as the OPAx _CSR.OPAEN bit isset,the voltageon the OPAX_VINP pin is amplified ac-
cording to the selectedgainand isvisibleon the OPAx_VOUT_EXTorOPAx_VOUT _INT pin.

™
VINP<O> —— |

VINP<1>

VINP<2> [B— |
+
VINP<3> or DAC_VOUT_INT |$07

OPA_VOUT_INT
I OPA_OUT
I
I
VINM<O> R——|

=/

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
OPA_VOUT_EXT %

Figure 18-5 PGA mode, non-reverse gain setting (x2/x4/x8/x16/x32) or reverse gain setting (x-1/x-3/x-7/x-15/x-
31)
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18.3.5 Programmable gain amplifier, forward with external bias or inverted mode with filtering

OPA forward with external bias or inverted mode with filtering configuration process:

1) Configure the OPAXx_CSR.VM_SELDbit to 2'bl0and connect the feedback resistorto the inputof
OPAx_VINM

2) Configure the OPAXx_CSR.PGA _GAIN bits to 5'b11000~ 5'b11101so thatthe reverse gain on the
filtered VINM < 0 >and VINM< 1 >pinsis-1,-3,-7,-15,-31/the non-reverse gain is2, 4, 8, 16, 32

3) Configure the OPAXx_CSR.VP_SELDbit toconnect the corresponding GPIO inputto the OPAx_VINP

4) Configure the OPAXx_CSR.INTOEN bitto enableOPAX_VOUT_EXT

5) Aslong as the OPAx__CSROPAEN bit is configured, the voltage onthe OPAx_VINP pinis ampli-
fiedaccording to the selectedgainand isvisible on the OPAx_VOUT_EXT pin.

Any external connection on VINM < 1 > can be used in parallel with the internal PGA, for example, a

capacitor can be connected between OPA_OUT and VINM < 1 > for filtering purposes.

NS
VINP<0> —————

VINP<1>
VINP<2> lK——

VINP<3> or DAC_VOUT_INT $7

|
VINM<0> R——

VINM<1> $_/ —,_

:

OPA_VOUT_INT

\

OPA_OUT

=/

Allows optional
low-pass =
filtering X

[
[
|
|
|
|
|
[
|

~'.
[
|
|
OPA_VOUT_EXT %

Figure 18-6 PGA mode, non-inverted gain setting (x2/x4/x8/x16/x32) or inverted gain setting (x-1/x-3/x-7/x-15/x-31) for fil-

tering
VINP
VINP Bias voltage [ ——— vouT
or Input signal [ L1
VINMO

VINMO VINM1

Bias voltage —  Gain:x2,x4,x8,x16,x32 Gain:x-1,x-3x-7,x-15

Figure 18-7 configuration example
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18.3.6

18.4

18.5

Current sampling mode

In motor applications, you can choose the common mode voltage built-in, and the built-in voltage can
be selected as VCC/2 and VCC/5. An external voltage may also be used.

However, common mode voltage external and built-in modes cannot exist at the same time.

Select the external voltage when OPAXx_VBSEL = 0 in the OPAXx_CSR register.

Selecting the built-in voltage by configuring OPAx_VBSEL = 1 in the OPAx_CSR register;

The built-in voltage selection VCC/2 or VCC/5 of OPAX is controlled by configuring OPA_VBIAS in the
OPA1_CSR register.

Note: In current sampling mode, OPA input and output need to use external input/output, that is, internal

signal cannot be used as OPA input.

VCC/5 VCC/2

VINP<0>
VINP<1>

A

VINP<2> |;g—> _:'_|
N
K—>

VINP<3>or DAC_VOUT_INT

L
T
]

o
o

_VOUT_INT

OPA_OUT

VINM<0>

VINM<1>

Equivalent to

OPA_VOUT_EXT

—— e ————————————

Figure 18-8 Current sampling circuit

OPA PGA Gain
When the OPA is configured in PGA mode, the gain is programmable to x2, x4, x8, x16, x32 in the
forward configuration and x-1, x-3, x-7, x-15, x-31 in the inverted configuration.
When the OPA is configured in forward mode, the gain depends only on the internal resistance divider.
When configured in inverted mode, the gain factor defines not only the on-chip feedback resistance but
also the signal source output impedance. If the output impedance of the signal source is not negligible
compared to the input feedback resistance of the PGA, a gain error will occur.

Timer Control OPA VINP/VINM Select Mode
The selection of OPA inverting and non-inverting inputs can be done automatically. This automatic
switching is triggered by either the TIM1 CC6 or TIM8 CC6 output arriving at the OPA input multiplexer.
This is useful for dual-motor controls that require simultaneous measurement of three-phase currents

on the first motor and the second motor.
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Enable the automatic switch by settingthe OPAx_ TCMR.TXxCM_EN bit(x = 1, 8). Inverting and non-

inverting input selections are configured via OPAx_ TCMR.VPS_SEL and VMS_SEL. If the TXCM_EN

bit is cleared, completion is selected using VP_SEL and VM_SELInOPAXx _CSR.

CCR6

T1 counter

/\ T8 counter

< Def >< Sec >< Def >< Sec> OPA input selection:

|_| |_| T1 output
|_| |_|_ T8 output

T1 CC6 output arriving
on OPA input mux

Def = default OPA input selection
Sec = secondary OPA input selection

Figure 18-9 timer-controlled multiplexer mode

18.6 OPA low-power modes

Table 18-2 Effect of Low Power Mode on OPA

Mode Description
Sleep No effect
Low-power run No effect
Low-power sleep No effect

Stop0/Stopl

OPA register value holds, OPA does not work

Standby

The OPA register is powered down and must be reinitialized after exiting Standby
mode.

18.7 TIMx registers

18.7.1 OPAL Control/Status Register (OPA1l_CSR)
Offset address 0x00
Reset value 0x0000 0000

31 | 30 29 28 [27 | 26 | 25 | 24 | 23 [22[21|20[19]18] 17| 16
LOCK OPA1_VBSEL PGA_GAIN
Res. Res
RW RW RW | RW RW
15 14 13 12 | 11 | 10 | 9 8 7 6 | 5 4 3 2 1 0
PGA_GAIN VBIAS OPAINTOEN | OPAHSM | VM_SEL VP_SEL OPAEN
Res. Res Res.
RW | RW RW | RW RW RW RW | RW RW | RW RW
Bit Name R/W Reset Value Function
The bit is written once. It is set by software. It can only
be cleared by system reset or module soft reset.
31 LOCK RW 0 This bit is used to configure the OPA1_CSR register as
read-only.
0: OPA1_CSR readable and writeable
1: OPA1_CSR read-only
30 Reserved - - -
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29

OPA1_VBSEL

RW

OPA1 Common Mode Voltage Selection
0: Common mode voltage select external voltage
1. Common mode voltage select built-in voltage

28:19

Reserved

18: 14

PGA_GAIN

RW

5’h0

OPA configurable amplifier gain value

5 'b00000: non-inverted internal gain = 2

5 'b00001: non-inverted internal gain = 4

5 'b00010: non-inverted internal gain = 8

5 'b00011: non-inverted internal gain = 16

5 'b00100: non-inverted internal gain = 32

5'b00101: Not used

5'pb00110: Not used

5'b00111: Not used

5 'b01000: Inverting gain of VINMO pin for input or bias
=-1/forward gain = 2

5 'b01001: Inverted gain of VINMO pin for input or bias
=-3/forward gain = 4

5 'b01010: Inverting gain of VINMO pin for input or bias
=-7/forward gain = 8

5 'b01011: Inverting gain of VINMO pin for input or bias
=-15/forward gain = 16

5 'b01100: Inverted gain of VINMO pin for input or bias
=-31/forward gain = 32

5'b01101: Not used

5'b01110: Not used

5'b01111: Not used

5 'b10000: Non-inverted gain on VINMO pin with filtering
function = 2

5 'b10001: Non-inverted gain on VINMO pin with filtering
function = 4

5 'b10010: Non-inverted gain on VINMO pin with filtering
function = 8

5'b10011: Non-inverted gain on VINMO pin with filtering
function = 16

5 'b10100: Non-inverted gain on VINMO pin with filtering
function = 32

5'b10101: Not used

5'p10110: not used

5'pb10111: not used

5 'b11000: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-1/non-inverted gain = 2
5'b11001: Inverted gain of VINMO pin for input or bias
and VINML1 pin for filtering =-3/forward gain = 4
5'b11010: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-7/forward gain = 8
5'b11011: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-15/forward gain = 16
5'pb11100: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-31/forward gain = 32
5'p11101: not used

5'p11110: not used

5'p11111: not used

13:11

Reserved

10: 9

OPA_VBIAS

RW

2’h0

OPA1 common mode voltage built-in voltage selection
2’h0: Reserved

2'h1: VCC/2

2 'h2: VCC/5

2’h3: Reserved

OPAINTOEN

RW

OPA internal output enabled.

0: OPA output connected to output pin

1: The OPA output is connected to an ADC channel
while not connected to the output pin.

OPAHSM

RwW

OPA High Speed Mode. The op-amp must be disabled
to change this configuration.

0: OPA works in normal mode

1: OPA works in high-speed mode

6:5

VM_SEL

RW

2’h0

Reverse input selection

2 'h0: VINMO pin is connected to OPA1 VINM input

2 'h1: VINML1 pin is connected to OPA1 VINM input

2 'h2: Feedback resistor connected to OPA1 VINM input
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(PGA mode), inverting input selection depends on
PGA_GAIN setting
2’h3: Reserved
4 Reserved - - -
Non-reverse input selection
2 'h0: VINPO pin is connected to OPA1 VINP input
3:2 VP_SEL RW 2’h0 2 'h1: VINP1 pin is connected to OPA1 VINP input
2 'h2: VINP2 pin is connected to OPAL VINP input
2 'h3: DAC1 CH1 pin connected to OPA1 VINP input
1 Reserved - - -
OPA enabled
0 OPAEN RW 0 0: OPA prohibited
1: Enable OPA
18.7.2 OPAZ2 Control/Status Register (OPA2_CSR)
Offset address 0x04
Reset value 0x0000 0000
31 | 30 29 28 | 27 | 26 | 25 | 24 | 23 |22f21 {20 [19] 18 |17 16
LOCK OPA2_VBSEL PGA_GAIN
Res. Res
RW RW RW RW RW
15 14 13 12|11 ]10] 9 8 7 6 [ 5|43 2 1 0
PGA_GAIN OPAINTOEN | OPAHSM | VM_SEL VP_SEL OPAEN
Res. Res Res.
RW RW RW RW RW | RW RW RW RW
Bit Name R/W Reset Value Function
The bit is written once. It is set by software. It can only
be cleared by system reset or module soft reset.
31 LOCK RW 0 This bit is used to configure the OPA1_CSR register as
read-only.
0: OPA2_CSR readable and writeable
1: OPA2_CSR read-only
30 Reserved - - -
OPA2 Common Mode Voltage Selection
29 OPA2_VBSEL RW 0 0: Common mode voltage select external voltage
1: Common mode voltage select built-in voltage
28:19 Reserved - - -
OPA configurable amplifier gain value
5 'b00000: non-inverted internal gain = 2
5 'b00001: non-inverted internal gain = 4
5 'b00010: non-inverted internal gain = 8
5 'b00011: non-inverted internal gain = 16
5 'b00100: non-inverted internal gain = 32
5 'b00101: Not used
5 'b00110: Not used
5'b00111: Not used
5 'b01000: Inverting gain of VINMO pin for input or bias
=-1/forward gain = 2
5 'b01001: Inverted gain of VINMO pin for input or bias
=-3/forward gain = 4
18: 14 PGA GAIN RW 5'h0 ? 'b01010: Invgrtifg gain of VINMO pin for input or bias
- =-7/forward gain = 8
5'b01011: Inverting gain of VINMO pin for input or bias
=-15/forward gain = 16
5 'b01100: Inverted gain of VINMO pin for input or bias
=-31/forward gain = 32
5'b01101: Not used
5'b01110: Not used
5'b01111: Not used
5 'b10000: Non-inverted gain on VINMO pin with filtering
function = 2
5 'b10001: Non-inverted gain on VINMO pin with filtering
function = 4
5 'b10010: Non-inverted gain on VINMO pin with filtering
function = 8
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5 'h10011: Non-inverted gain on VINMO pin with filtering
function = 16

5 'b10100: Non-inverted gain on VINMO pin with filtering
function = 32

5'b10101: Not used

5'b10110: not used

5'b10111: not used

5 'b11000: Inverted gain of VINMO pin for input or bias
and VINML pin for filtering =-1/non-inverted gain = 2

5 'h11001: Inverted gain of VINMO pin for input or bias
and VINML1 pin for filtering =-3/forward gain = 4

5 '11010: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-7/forward gain = 8
5'b11011: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-15/forward gain = 16
5'b11100: Inverted gain of VINMO pin for input or bias
and VINML1 pin for filtering =-31/forward gain = 32
5'pb11101: not used

5'pb11110: not used

5'b11111: not used

13:9 Reserved - - -
OPA internal output enabled.
0: OPA output connected to output pin
8 OPAINTOEN RW 0 1: The OPA output is connected to an ADC channel
while not connected to the output pin.
OPA High Speed Mode. The op-amp must be disabled
to change this configuration.
! OPAHSM RW 0 0: OPA works in normal mode
1: OPA works in high-speed mode
Reverse input selection
2 'h0: VINMO pin is connected to OPA2 VINM input
2 'h1: VINML1 pin is connected to OPA2 VINM input
6:5 VM_SEL RW 2’h0 2 'h2: Feedback resistor connected to OPA2 VINM input
(PGA mode), inverting input selection depends on
PGA_GAIN setting
2’h3: Reserved
4 Reserved - - -
Non-reverse input selection
2 'h0: VINPO pin is connected to OPA2 VINP input
. ) 2 'h1: VINP1 pin is connected to OPA2 VINP input
3:2 VP_SEL RW 2ho 2 'h2: The VINP2 pin is connected to the OPA2 VINP in-
put
2 'h3: VINPS3 pin is connected to OPA2 VINP input
1 Reserved - - -
OPA enabled
0 OPAEN RW 0 0: OPA prohibited
1: Enable OPA
18.7.3 OPA3Control/Status Register (OPA3_CSR)
Offset address 0x08
Reset value 0x0000 0000
31 | 30 29 28 |27 | 26 | 25 | 24 | 23 [22[21|20]|19] 18 [17] 16
LOCK OPA3_VBSEL PGA_GAIN
Res. Res
RW RW RW | RW RW
15 | 14 13 1211109 8 7 6 [ s |a ]3] 2 1 0
PGA_GAIN OPAINTOEN | OPAHSM | VM_SEL VP_SEL OPAEN
Res. Res Res.
RW | RW RW RW RW | RW RW | RW RW
Bit Name R/W Reset Value Function
The bit is written once. It is set by software. It can only
be cleared by system reset or module soft reset.
31 LOCK RW 0 This bit is used to configure the OPA1_CSR register as
read-only.
0: OPA3_CSR readable and writeable
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1: OPA3_CSR read-only

30 Reserved - - -
OPA3 Common Mode Voltage Selection
29 OPA3_VBSEL RW 0 0: Common mode voltage select external voltage
1: Common mode voltage select built-in voltage
28:19 Reserved - - -
OPA configurable amplifier gain value
5 'b00000: non-inverted internal gain = 2
5 'b00001: non-inverted internal gain = 4
5 'b00010: non-inverted internal gain = 8
5 'b00011: non-inverted internal gain = 16
5 'b00100: non-inverted internal gain = 32
5'pb00101: Not used
5'pb00110: Not used
5'b00111: Not used
5 'b01000: Inverting gain of VINMO pin for input or bias
=-1/forward gain = 2
5 'b01001: Inverted gain of VINMO pin for input or bias
=-3/forward gain = 4
5 'b01010: Inverting gain of VINMO pin for input or bias
=-7/forward gain = 8
5'b01011: Inverting gain of VINMO pin for input or bias
=-15/forward gain = 16
5 'b01100: Inverted gain of VINMO pin for input or bias
=-31/forward gain = 32
5'p01101: Not used
5'p01110: Not used
5'b01111: Not used
5 'b10000: Non-inverted gain on VINMO pin with filtering
18: 14 PGA_GAIN RW 5'h0 function=2 . o
- 5 'b10001: Non-inverted gain on VINMO pin with filtering
function = 4
5 'b10010: Non-inverted gain on VINMO pin with filtering
function = 8
5'pb10011: Non-inverted gain on VINMO pin with filtering
function = 16
5 'b10100: Non-inverted gain on VINMO pin with filtering
function = 32
5'b10101: Not used
5'p10110: not used
5'p10111: not used
5 'b11000: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-1/non-inverted gain = 2
5'b11001: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-3/forward gain = 4
5'pb11010: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-7/forward gain = 8
5'b11011: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-15/forward gain = 16
5'b11100: Inverted gain of VINMO pin for input or bias
and VINM1 pin for filtering =-31/forward gain = 32
5'pb11101: not used
5'pb11110: not used
5'pb11111: not used
13: 9 Reserved - - -
OPA internal output enabled.
0: OPA output connected to output pin
8 OPAINTOEN RW 0 1: The OPA output is connected to an ADC channel
while not connected to the output pin.
OPA High Speed Mode. The op-amp must be disabled
to change this configuration.
! OPAHSM RW 0 0: OPA works in normal mode
1: OPA works in high-speed mode
Reverse input selection
2 'h0: VINMO pin is connected to OPA3 VINM input
2 'h1: VINML1 pin is connected to OPA3 VINM input
6:5 VM_SEL RW 2’h0 2 'h2: Feedback resistor connected to OPA3 VINM input

(PGA mode), inverting input selection depends on
PGA_GAIN setting
2'h3: Reserved
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4 Reserved - - -

Non-reverse input selection

2 'h0: VINPO pin is connected to OPA3 VINP input

3:2 VP_SEL RW 2’h0 2 'h1: VINP1 pin is connected to OPA3 VINP input

2 'h2: VINP2 pin is connected to OPA3 VINP input

2 'h3: DAC2_CH1 pin is connected to OPA3 VINP input

1 Reserved - - -
OPA enabled

0 OPAEN RW 0 0: OPA prohibited
1: Enable OPA

18.7.4 OPAL timer control mode register (OPA1_TCMR)
Offset address 0x0C
Reset value 0x00000000

31 30|29|28|27|26|25|24|23|22| 21 | 20 19 |18|17| 16
LOCK
Res
RW
15 14|13|12|11|10|9|8|7|6| 5 4 3 2|1 0
T8CM_EN | TicM EN | vPs SEL | vMms_SEL
Res RW RW RW | RW RW
Bit Name RIW Reset Value Function

OPA1_TCMR lock. The bit is written once. It is set by soft-
ware. It can only be cleared by system reset or module soft
reset. This bit is used to configure the OPAx_TCMR register
as read-only.
0: OPA1_TCMR readable and writeable
1. OPA1 TCMR read-only
30:5 Reserved - - -
TIM8 controls multiplexing mode enabled. This bit is set and
cleared by the software. It is used to automatically control the
switching between default selections (VP_SEL and VM_SEL)
and secondary selections (VPS_SEL and VMS_SEL) for in-
4 T8CM_EN RW 0 verting and non-inverting inputs. This automatic switch is trig-
gered by the TIM8BCCS6 output arriving at the OPAXx input mul-
tiplexer.
0: Automatic switching off
1: Automatic switching enabled
TIM1 controls the multiplexing mode enabled. This bit is set
and cleared by the software. It is used to automatically con-
trol the switching between default selections (VP_SEL and
VM_SEL) and secondary selections (VPS_SEL and
3 T1CM_EN RW 0 VMS_SEL) for inverting and non-inverting inputs. This auto-
matic switch is triggered by the TIM1 CC6 output arriving at
the OPAX input multiplexer.
0: Automatic switching off
1: Automatic switching enabled
OPAL non-inverting input secondary selection. These bits
are set and cleared by the software. They are used to select
the OPAL non-inverting input when controlled multiplexing
mode is enabled (TAICM_EN =1 or TSCM_EN =1
2 'h0: VINPO pin is connected to OPA1 VINP input
2 'h1l: VINP1 pin is connected to OPA1 VINP input
2 'h2: VINP2 pin is connected to OPA1 VINP input
2 'h3: DAC1_CHA1 pin connected to OPA1 VINP input
OPAL inverting input secondary selection. This bit is set and
cleared by the software. When controlled multiplexer mode is
enabled (TAICM_EN =1 or TSCM_EN = 1), when standalone
mode is used (i.e. VM_SEL = "2 'h0" or "2' h1"), it is used to
0 VMS_SEL RW 0 select the OPAL1 inverting input:
0: Input from VINMO
1: Input from VINM1

When using PGA (VM_SEL = "2 'h2"):This bit can only be

setto 0.

31 LOCK RW 0

2:1 VPS_SEL RW 2’h0
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18.7.5 OPAZ2 timer control mode register(OPA2_TCMR)

Offset address 0x10
Reset value 0x00000000

31

30|29|28|27|26|25|24|23|22|

21 | 20 19 | 18 | 17 | 16

LOCK

RW

Res

15

14|13‘12|11|10‘9|8|7|6‘

5 4 3 2|1 0

Res

T8CM_EN | TICM_EN | VPS SEL | VMS_SEL
RW RW RW | RW RW

Bit

Name R/W Reset Value

Function

31

LOCK RW 0

OPA2_TCMR lock. The bit is written once. It is set by soft-
ware. It can only be cleared by system reset or module soft
reset. This bit is used to configure the OPAX_TCMR regis-
ter as read-only.

0: OPA2_TCMR readable and writeable

1: OPA2_TCMR read-only

30:5

Reserved - -

T8CM_EN RW 0

TIM8 controls multiplexing mode enabled. This bit is set
and cleared by the software. It is used to automatically con-
trol the switching between default selections (VP_SEL and
VM_SEL) and secondary selections (VPS_SEL and
VMS_SEL) for inverting and non-inverting inputs. This au-
tomatic switch is triggered by the TIM8CC®6 output arriving
at the OPAX input multiplexer.

0: Automatic switching off

1: Automatic switching enabled

T1CM_EN RW 0

TIM1 controls the multiplexing mode enabled. This bit is set
and cleared by the software. It is used to automatically con-
trol the switching between default selections (VP_SEL and
VM_SEL) and secondary selections (VPS_SEL and
VMS_SEL) for inverting and non-inverting inputs. This au-
tomatic switch is triggered by the TIM1 CC6 output arriving
at the OPAX input multiplexer.

0: Automatic switching off

1: Automatic switching enabled

2:1

VPS_SEL RW 2’h0

OPAZ2 non-inverting input secondary selection. These bits
are set and cleared by the software. They are used to se-
lect the OPA2 non-inverting input when controlled multi-
plexing mode is enabled (TLICM_EN =1 or TSCM_EN =1
2 'h0: VINPO pin is connected to OPA2 VINP input

2 'h1: VINP1 pin is connected to OPA2 VINP input

2 'h2: The VINP2 pin is connected to the OPA2 VINP input
2 'h3: VINPS3 pin is connected to OPA2 VINP input

VMS_SEL RW 0

OPA2 inverting input secondary selection. This bit is set
and cleared by the software. When controlled multiplexer
mode is enabled (TACM_EN =1 or TSCM_EN = 1), when
standalone mode is used (i.e. VM_SEL = "2 'h0" or "2' h1"),
it is used to select the OPA2 inverting input:
0: Input from VINMO
1: Input from VINM1
When using PGA (VM_SEL = "2 'h2"):This bit can only be
setto 0.

18.7.6 OPA3timer control mode register (OPA3_TCMR)

Offset address 0x14
Reset value 0x0000 0000

301/1101



PY32E407 Reference Manual

31 |30 |29[28 (27|26 |25 |2a]23|22] 20 19 [ | 17| 16
LOCK
Res
RW
15 14 [13]12|1ufwo]o]|s8|[7]s6] 5 4 3 2 | 1 0
T8CM_EN | TICM_EN | VPS_SEL | VMS_SEL
Res
RW RW rRW | RW RW
Bit Name R/W Reset Value Function
OPA3_TCMR lock. The bit is written once. It is set by
software. It can only be cleared by system reset or mod-
31 LOCK RW 0 ule soft reset. This bit is used to configure the

OPAX_TCMR register as read-only.
0: OPA3_TCMR readable and writeable
1. OPA3 TCMR read-only

30: 5 Reserved - - -

TIM8 controls multiplexing mode enabled. This bit is set
and cleared by the software. It is used to automatically
control the switching between default selections
(VP_SEL and VM_SEL) and secondary selections

4 T8CM_EN RW 0 (VPS_SEL and VMS_SEL) for inverting and non-invert-
ing inputs. This automatic switch is triggered by the
TIMBCCS6 output arriving at the OPAX input multiplexer.
0: Automatic switching off

1: Automatic switching enabled

TIM1 controls the multiplexing mode enabled. This bit is
set and cleared by the software. It is used to automati-
cally control the switching between default selections
(VP_SEL and VM_SEL) and secondary selections

3 T1CM_EN RW 0 (VPS_SEL and VMS_SEL) for inverting and non-invert-
ing inputs. This automatic switch is triggered by the
TIM1 CC6 output arriving at the OPAXx input multiplexer.
0: Automatic switching off

1: Automatic switching enabled

OPAS3 non-inverting input secondary selection. These
bits are set and cleared by the software. They are used
to select the OPA3 non-inverting input when controlled
multiplexing mode is enabled (TLCM_EN =1 or

2:1 VPS_SEL RW 2’h0 T8CM_EN =1

2 'h0: VINPO pin is connected to OPA3 VINP input

2 'h1: VINP1 pin is connected to OPA3 VINP input

2 'h2: VINP2 pin is connected to OPA3 VINP input

2 'h3: DAC2_CH1 pin is connected to OPA3 VINP input

OPAZ3 inverting input secondary selection. This bit is set
and cleared by the software. When controlled multi-
plexer mode is enabled (TLCM_EN =1 or TSCM_EN =
1), when standalone mode is used (i.e. VM_SEL = "2
'h0" or "2' h1"), it is used to select the OPAS3 inverting in-
put:
0: Input from VINMO
1: Input from VINM1
When using PGA (VM_SEL = "2 'h2"):This bit can only
be set to 0.

0 VMS_SEL RW 0
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19. Advanced Timer (TIM1 and TIM8)

19.1 Introduction
The advanced control timers (TIM1, TIM8) consist of a 16-bit auto-load counter driven by a program-

mable prescaler. It may be used for a variety of purposes, including measuring the pulse lengths of

input signals (input capture) or generating output waveforms (output compare, PWM, complementary

PWM with dead-time insertion). Pulse lengths and waveform periods can be modulated from a few

microseconds to several milliseconds using the timer prescaler and the RCC clock controller pre-

scalers. The advanced-control (TIM1) and general-purpose (TIMx) timers are completely independent,

and do not share any resources. They can be synchronized together.
19.1.1 TIM1/TIM8 Main Features

The functions of the TIM1 timer include:

16-bit up, down, up/down auto load counter

16-bit programmable (can be modified in real time) prescaler, the frequency division coefficient of

the counter clock frequency is any value between 1 and 65536

Up to 6 independent channels:

— Input capture (5/6 channel not supported)

— Output compare

— PWM generation (edge or middle alignment mode)

— One-pulse mode output

Complementary output with programmable dead time

Synchronization circuit for controlling timer and interconnection between timer by external signal

Allows the repetition counter of the timer register to be updated after a specified number of counter

cycles

The two brake input signals can put the timer output signal into a reset state or a known state

An interrupt/DMA occurs when the following events occur:

— Update: Counter upflow/downflow, counter initialization (via software or internal/external trig-
ger)

— Trigger event (counter starts, stops, initializes or counts by internal/external triggers)

— Input capture

— Output compare

Supports incremental (quadrature) encoders and Hall sensor circuits for positioning

Trigger input for external clock or cycle-by-cycle current management
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19.1.2 CAN block diagram

Internal clock(CK_INT)

Trigger . .
ETRP ETRF Controller t|m_trgo/t|.rrn_trtioz . N
TIMx_ETR []Lro ETR Polarity selection & edge Input ° OD:E//TI;?S or
tim_etr[15:1] detector & prescaler filter 16l
ITR[18:0] ﬂ» TRC TRGI ave Reset, enable, up/down, count
—— 5| Controller

TI1F_E| mode
tim_cc_int
tim_up_int IRQ TI1FPL Encoder
tim_bri_terr_jerr_int§ interface TI2FP2 Interface

tim_trg_com_dir_idx_int

REP
register

tim_ch1l_dma

tim_ch2_dma ul
tim_ch3_dma — —y
tim_ch4_dma« . DMA Repetition 9]
tim_up_dma interface counter —>

tim_trg_dma PSC N
. K
tim_com_dma Prescaler

N
Ti1| !mputfilter L1EP1 > lic1
TIMx_CH1 & edge —> Prescaler
tim_til_in[15:1] detector mL =
TIMx_CH2 Inputfilter I:;:; > IC
tim_ti2_in[15:1] e d& edge > Prescaler
etector TRC —>
TIMx_CH3 inputfilter PBEES——
s X P & edge P
tim_ti3_in[15:1] detector
TRC
TIMx_CH4 Inputfilter JH4EP3
- TaFP4 | |1
tim_ti4_in[15:1] & edge Prescaler
-7 detector TRC —>
tim_ocref_clr[7:0] D S
i bri BIF
tim_sys_brk
-SYsD 1%  sur
TIMx_BKIN ¥ tim brk
tim_brk_cmp[8:1 Break and Break2 /\g;n:
TIMx_BKIN2 circuitry tim_brk2
tim_brk2_cmp[8:1}

19.2 TIM1/TIMS8 function description

19.2.1 Time-base unit
The main block of the programmable advanced-control timer is a 16-bit counter with its related auto-
reload register. The counter can count up, down or both up and down. The clock of the counter may
be divided by a prescaler.
The counter, the auto-reload register and the prescaler register can be written or read by software.
This is true even when the counter is running.
The time base unit comprises:
B Counter Register (TIMx_CNT)
B Prescaler Register (TIMx_PSC)
B Automoad Register (TIMx_ARR)
B Repetition Register (TIMx_RCR)
An autoload register is preloaded, and a write or read autoload register will access its preload register.
The contents of the preload register are transferred to the shadow register either immediately or at
each update event (UEV), depending on the setting of the Automoad preload enable bit (ARPE) in the

TIMx_CR1 register. An update event occurs when the counter reaches an overflow condition (overflow
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or underflow) and when the UDIS bit in the TIMx_CRL1 register is equal to 0. The update event may
also be generated by software and other conditions. The generation of update events under each
configuration will be described in detail later.

The counter is driven by the clock output CK_CNT divided by the prescaler, which is valid for the
counter only when the counter enable bit (CEN) in the TIMx_CR1 register is set. (See the description
of the slave mode controller for more details on enabling counters).

Note that the counter starts counting 1 clock cycle after setting the CEN bit in the TIMx_CR register.
Prescaler description

The prescaler can divide the clock frequency of the counter by any value between 1 and 65536. It is a
16-bit counter controlled based on a 16-bit register (in the TIMx_PSC register). It can be changed on
the fly as this control register is buffered. The new prescalation parameters will be adopted when the
next update event comes.

The following figures give examples of changing counter parameters when the prescaler is running.

CK_PSC _| L _| |_|
CEN |
Timer clock = CK_CNT —| |_| |_| [—| |_|
Counter register F7_ Y Fe{ FoX(raXFBY Fcf oo X o1 X 02 X 03 X
Update event(UEV) —|
Prescaler control register 0 ,!X 1
Write a new value in TIM1_PSC
Prescaler buffer 0 X 1
Prescaler counter 0 ﬂﬂﬂﬂﬂﬂ

Figure 19-1 Timing diagram of the counter when the parameters of the prescaler change from 1 to 2

CK_PSC _| |_| |_,' |_| |_| |_| I_I
CEN |
Timer clock = CK_CNT —| [—| |_|
Counter register F7 F8 Em@ 00 X 01 X:
Update event(UEV) —|
Prescaler control register 0 ,!X 3
Write a new value in TIM1_PSC
Prescaler buffer 0 X 3
Prescaler counter 0 ﬂanﬂﬂ

Figure 19-2 Timing diagram of the counter when the parameter of the prescaler is changed from 1 to
4
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19.2.2 Counter mode

Upcounting mode
In the count-up mode, the counter counts from 0 to the auto-load value (the content of TIMXx_ARR), then
counts from 0 again and generates a count overflow event.
If a repetition counter is used, the update event (UEV) will not be generated until the number of overflows
reaches the value of the configured repetition count register plus one (i.e. TIMx_RCR+1); If a repetition
counter is not used (i.e., TIMXx_RCR = 0), an update event will be generated every time the count over-
flows.
Setting the UG bit in the TIMX_EGR register (either by software or using a slave mode controller) can
also generate an update event.
The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CRZ1register. This is to
avoid updating the shadow registers while writing new values in the preload registers. No update event
will be generated until the UDIS bit is cleared '0'. Even so, when an update event should occur, the
counter is still cleared '0', and the counter inside the prescaler is also cleared '0' (but the value of the
prescaler remains unchanged).
Furthermore, if the URS bit in the TIMx_CR1 register is set (select the update request source), an update
event UEV can be generated by setting the UG bit, but the UIF flag bit will not be set (i.e., no interrupt
or DMA request will be generated). This is to avoid generating both update andcapture interrupts when
clearing the counter on the capture event.
When an update event occurs, all of the following registers are updated, and the hardware sets an
update flag bit (UIF bit in the TIMx_SR register) at the same time (according to the URS bit):
B The repetition counter is reloaded with the content of TIMx_RCR register.
B The auto-load shadow register is updated with the preload value (TIMx_ARR).
B The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).
The following figures show some examples of the counter behavior for different clock frequencies when
TIMx_ARR=0x36.

o psc U Uu ey

CNT_EN [

Timer clock = CK_CNT |_U_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|
Counter register 31 )32 33 X34 35X 36X 00K 01 02)03) 04) 05X 08X 07)

Counter overflow |_|

Update event(UEV) |_|

Update interrupt flag(UIF) |

Figure 19-3 Counter timing diagram, internal clock divided by 1
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CK_PSC

uuiurdiuyyuyyl

CNT_EN

|

Timer clock = CK_CNT

[T T LT T

Counter register

0034 X 0035 X 0036X 0000 X 0001X 0002 X 0003

Counter overflow

[

Update event(UEV)

s

Update interrupt flag(UIF)

Figure 19-4 Counter timing diagram, internal clock divided by 2

CK_PSC

CNT_EN

vty
|

Timer clock = CK_CNT

[ [ ] [

Counter register

0035 X o036 X o000 X o001 X

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

Figure 19-5 Counter timing diagram, internal clock divided by 4

CK_PSC

CNT_EN

uuudirudyuuy
|

Timer clock = CK_CNT

Counter register

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

Figure 19-6 Counter timing diagram, internal clock divided by N
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cxpsc U UU Uy

CNT_EN

Timer dock = CNT UuuvuUiyryuyul
Couter egste e B OBECHREEEEE)

Counter overflow |_|

Update event(UEV) |_|

Update interrupt flag(UIF) |

Auto-reload preload register FF X 36

Write anew value in TIMx_ARR/

Figure 19-7 Counter timing diagram, update event when ARPE=0 (no TIMx_ARR preloaded)

cxpsc Uy

CNT_EN |

Timer clock = CK_CNT

Counter register FO )l F1 m@m F5 @m@m@m
Counter overflow |_|

Update event(UEV) |_|

Update interrupt flag(UIF) |

Auto-reload preload register F5 X 36

Wl

Auto-reload shadow register F5 X 36

Write a new value in TIMx_ARR

Figure 19-8 Counter timing diagram, update event when ARPE=1 (TIMx_ARR preloaded)
Downcounting mode
In down-count mode, the counter starts from the auto-loaded value (the contents of TIMx_ARR) and
counts down to 0, then restarts from the auto-loaded value and generates a count underflow event.
If a repetition counter is used, the update event (UEV) will not be generated until the number of under-
flows reaches the value of the configured repetition count register plus one (i.e. TIMx_RCR+1); If a
repetition counter is not used (i.e., TIMx_RCR = 0), an update event will be generated every time the
count underflows.
Setting the UG bit in the TIMx_EGR register (either by software or using a slave mode controller) can
also generate an update event.
The UEV event can be disabled by software by setting the UDIS bit in the TIMx_CR1register. This is
to avoid updating the shadow registers while writing new values in the preload registers. Then no

update event occurs until UDIS bit has been written to 0. Even then, when an update event should
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occur, the counter will restart counting from the current autoload value while the counter inside the

prescaler is cleared '0' (but the prescaling factor remains unchanged).

In addition, if the URS bit in the TIMx_CR1 register is set (select the update request source), an update

event UEV can be generated by setting the UG bit, but the UIF flag bit is not set (i.e., no interrupt or

DMA request will be generated), in order to avoid clearing the counter when a capture event occurs,

and generating both an update and a capture interrupt.

When an update event occurs, all of the following registers are updated, and the hardware sets an

update flag bit (UIF bit in the TIMX_SR register) at the same time (according to the URS bit):

B The repetition counter is reloaded as the contents of the TIMx_RCR register.

B The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).

B The auto-reload active register is updated with the preload value (content of the TIMx_ARR reg-
ister).

Note: The autoload value is updated before the counter is reloaded, so the next cycle will be the ex-

pected value.

The following figures show some examples of the counter behavior for different clock frequencies when
TIMx_ARR=0x36.

KPS UUUUUL

CNT_EN [

Timer dock = CK CNT Uy vUUUUu U
Counter register 05_X(0a)(03){02)( oY 00} 36X 35\ 34X 33X 32 33(30(2FX|
Counter overflow |_|

Update event(UEV) |_|
Update interrupt flag(UIF) |

Figure 19-9 Counter timing diagram, internal clock divided by 1

e psc uudivuduuuyyl

CNT EN [

Timer clock=CK_CNT |_| ]_| ]_| |_| |_| |_| |_|

Counter register 0002 X 0001 X 0000) 0036 X 0035 X 0034 X 0033
Counter overflow [

Update event(UEV) []

Update interrupt flag(UIF) |

Figure 19-10 Counter timing diagram, internal clock divided by 2
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CK_PSC , '—|_|—|_|_|
CNT_EN |
Timer clock = CK CNT |_| |_| |_| |_|
Counter register o001 X o000 X 0036 X o035 X
Counter overflow _|
Update event(UEV) |_|
Update interrupt flag(UIF) |

Figure 19-11 Counter timing diagram, internal clock divided by 4

CK_PSC _I |_| |_| |_|_|

CNT_EN |

Timer clock = CK_CNT |_| / yi |_| |_|
7 /
/I

Counter register 20 X 1F 7, /00
7

Counter overflow

Update event(UEV)

Update interrupt flag(UIF)

Figure 19-12 Counter timing diagram, internal clock divided by N

ckpsc nsgnninnnnn

CNT_EN {

Timer clock = CK_CNT _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_ﬂ
Counter register 05 ) 04) 03 02K 01X 00) 36X 35X 34X 33K 32X 31) 30K 29)
Counter overflow |_|

Update event(UEV) |_|

Update interrupt flag(UIF) |

Auto-reload preload register FF X 36

/

Write a new value in TIMX_ARR

Figure 19-13 Counter timing diagram, update event when repetition counter is not used
Central alignment mode (up/down count)
In central alignment mode, the counter starts counting from 0 to the auto-loaded value (TIMx_ARR
register)minusl, generating a counter overflow event, and then counts down to 1 and generating a

counter underflow event; Then re-count from 0 again.
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The center alignment mode can be obtained by configuring the CMS bit in the TIMx_CR1 register not

to be '00'. The output comparison flag bit with the channel configured as output mode is set during the

following counting processes: when counting down (center alignment mode 1, CMS = '01"), when

counting up (center alignment mode 2, CMS ='10"), and when counting up and down (center alignment

mode 3, CMS ="11").

In this mode, the DIR direction bit in the TIMXx_CR1 register cannot be written. It is updated by hardware

and gives the current direction of the counter.

The update event can be generated at each counter overflow and at each counter underflow or by

setting the UG bit in the TIMX_EGR register (by software or by using the slave mode controller) also

generates an update event. The counter then starts counting again from 0, and the prescaler internal

counter also starts counting again from O.

Setting the UDIS bit in the TIMx_CR1 register can disable the update event. This is to avoid updating

the shadow registers while writing new values in the preload registers. Although no update event will

occur until the UDIS bit is cleared to 0, the counter will continue to count up or down based on the

value of the current auto-reload.

Furthermore, if the URS bit in the TIMx_CR1 register is set (select the update request source), by

setting the UG bit, an update event UEV will be generated but the UIF flag will not be set (thus no

interrupts and DMA requests are generated), in order to avoid clearing the counter when a capture

event occurs, while generating both an update and a capture interrupt.

When an update event occurs, all registers are updated and (according to the setting of the URS bit)

an update flag bit (UIF bit in the TIMx_SR register) is also set:

B The repetition counter is reloaded with the content of TIMx_RCR register

B The buffer of the prescaler is reloaded with the preload value (content of the TIMx_PSC register).

B The auto-reload active register is updated with the preload value (content of the TIMx_ARR reg-
ister). Note: If an update occurs due to a counter overflow, the automatic reload will be updated
before the counter is reloaded, so the next cycle will be the expected value (the counter is loaded
as a new value).

Here are some examples of how the counter operates at different clock frequencies:

K psc UUurUuyEuy Uyt

CNT_EN |

Timer dock= CK_CNT (U UL LT
Counter register 04 @@m@@@@

Counter underflow |_|
Counter overflow |_|
Update event(UEV) |_| |_|

Update interrupt flag(UIF) |

Figure 19-14 Counter timing diagram, internal clock division factor is 1, TIMx_ARR = 0x6
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ckpsc U U Uy
CNT_EN [
Timer clock = CK_CNT ]_| ﬂ ﬂ |_| |_| |_| |_|
Counter register 0002 X 0001 X 0000 0036 X 0035 X 0034 X 0033}
Counter overflow [
Update_event(UEV) [

Update interrupt flag(UIF) |

Figure 19-15 Counter timing diagram, internal clock divided by 2

e psc Ak LU

CNT_EN |

Timer clock = CK_CNT |_| |_| |_| |_|
Counter register 0034 X o035 X 0036 X o035 X
Counter overflow '—|

Update event(UEV) |_|

Update interrupt flag(UIF) |
Note: TEoverflow;™ AEUIFI,  HH a5 2B 158 U3 1l B8

Figure 19-16 Counter timing diagram, internal clock division factor is 4, TIMx_ARR = 0x36

i psc uiuuiuduyuduyl

CNT_EN |

Timer_clock = CK_CNT |_| / / |_| |_|
7 /
/I

Counter register 20 X 1F 7, 01 m
7

Counter overflow '—|

Update event(UEV) |_|

Update interrupt flag(UIF)

Figure 19-17 Counter timing diagram, internal clock divided by N
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i psc UuuUtuiuuE gl

CNT_EN |

Timer. dock = CK_CNT, Uy uyl
Counter register 06 @@@@@@@
Counter underflow |_|

Update event(UEV) |_|

Update interrupt flag(UIF) |

Auto-reload preload register FD X 36

Wak

Auto-reload shadow register FD X 36

Write a new value in TIMx_ARR

Figure 19-18 Counter timing diagram, update event with ARPE=1 (counter underflow)

cipse nnannnnnnnn

CNT_EN |

Timer dock = CK CNT JERRRERRRERERERE)
Counter register F7 EE@EEEE
Counter overflow |_|

Update event(UEV) |_|

Update interrupt flag(UIF) |

Auto-reload preload register FD X 36

Wak

Auto-reload shadow register FD X 36

Write a new value in TIMx_ARR

Figure 19-19 Counter Timing Chart, Update Event (Counter Overflow) at ARPE = 1

19.2.3 Repetition counter
The "Time Base Unit" explains how an update event (UEV) occurs when the counter overflows/under-
flows, in fact it can only occur when the repetition counter count reaches 0. This feature is very useful
for generating PWM signals.
This means that data is transferred from the preload register to the shadow register (TIMX_ARR auto-
reload register, TIMx_PSC preload register, and capture/compare register TIMx_CCRXx in comparison
mode) only every N+1 count overflow or underflow, N being the value in the TIMx_RCR repeat count
register.
The repetition counter is decremented when either of the following conditions is true:
®m  Each time the counter overflows in up-count mode,
B Each time the counter underflows in down-count mode,

B At each counter overflow and at each counter underflow in center-aligned mode.
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The central alignment modelimits the maximum cycle period of the PWM to 128(TIMx_RCRis an 8-bit
counter), but it is able to update the duty cycle twice per PWM cycle.

The repetition counter is automatically reloaded and the repetition rate is defined by the value of the
TIMXx_RCR register. When the update event is generated by software (by setting the UG bit in
TIMx_EGR) or by the slave mode controller of hardware, the update event occurs immediately regard-
less of the value of the repetition counter, and the contents of the TIMx_RCR register are reloaded to

the repetition counter.

counter-aligned mode Edge-aligned mode

upcounting downcounting

TTUAAAA AL NN

R TN R R R R AR AR RN
_ NN AAVAAVL NN
B FAREAENE S A S A A N
AAAA - AL NN

TIMx_RCR=2 UEV —

TIMX_RCR=3 UEV ~ —s» TT TT TT T T T T T T

TIMXx_RCR=3 andre-

synchronization UEV ~ —s T T T T T T T T T

By SW

Update event: preload registers transferred to active
registers and update initerrupt generated

UEV —>»

Figure 19-20 Examples of update rates in different modes, and register settings for TIMx_RCR

19.2.4 External trigger input

The timer external trigger input tim_etr can be used to:

B External clock

B From the trigger of the pattern

B As a PWM reset input in periodic current regulation
19.2.5 Clock selection

The counter clock can be provided by the following clock sources:

B Internal clock (CK_INT)

B External clock mode 1: External input pins (T11 and T12)

B External clock mode2: external trigger input ETR

B Internal Trigger Input (ITRx): Uses one timer as a prescaler for the other. For example, one timer

Timer1 may be configured as a prescaler for another timer Timer2.

B Encoder Mode

314/1101



PY32E407 Reference Manual

Internal clock source (CK_INT)

If the slave mode controller is disabled (SMS = 0000), the CEN, DIR (TIMx_CR1 register), and UG bits
(TIMx_EGR register) are de facto control bits and can only be modified by software (the UG bits are
still automatically cleared). As long as the CEN bit is written as' 1, the clock of the prescaler is provided
by the internal clock CK_INT.

The diagram below shows the operation of the control circuit and up counter in general mode, without

the prescaler.

i psc uudiuuyyuuyt]

CEN=CNT_EN |

uG

CNT_INIT [ ]

Counter clock=CK CNT=CK PSC
Counter register 31 Em 36 @@@@

Figure 19-21 Control circuit in normal mode, internal clock divided by 1
External clock source mode 1
This mode is selected when SMS=111 in the TIMx_SMCR register. The counter can count at each

rising or falling edge on a selected input.

TIMx_SMCR

T54:0]
TIZF} ori
TIMX_TISEL .
o —
TI2SEL([3:0] TR | 000w } °ri Encoder

TI1_ED mode

00100 5 Ext | clock
Xtermal cloci
TIM_CH2 T2F Rising [y —LLFPLY 9107 | TRGI ema)
tim_ti2_in[15:1) Filter | Ed8€ , TI2FP2 | 50110 (KPS
= detector | TI2F_Falling 1 ETRF ETRE External clock
—— 00111 - mode 2

IC2F }
3.0 CK_INT Internal clock

mode
TIMx_CCMR1

ECE SMS[2:0]

Figure 19-22 TI2 Example of external clock connection
For example, to configure the counter to count up on the rising edge of the TI2 input, use the following
steps:
1. Configure channel 2 to detect rising edges on the TI2 input by writing CC2S = ‘01’ in the
TIMx_CCMRL1 register.
2. Configure IC2F [3: 0] of the TIMx_CCMR1 register and select the input filter bandwidth (if no filter is
needed, keep IC2F = 0000);
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3. Select rising edge polarity by writing CC2P=0 in the TIMx_CCER register.

4. Configure the timer in external clock mode 1 by writing SMS=111 in the TIMx_SMCR register.
5. Select TI2 as the trigger input source by writing TS=00110 in the TIMx_SMCR register;

6. Enable the counter by writing CEN=1 in the TIMx_CRL1 register.

Note: The capture prescaler is not used for triggering, so it does not need to be configured.

When a rising edge occurs on TI2, the counter counts once and the TIF flag is set.

The delay between the rising edge of TI2 and the actual clock of the counter depends on the synchro-

nization circuit at the input of TI2.

TI2
CNT_EN |
Counter clock = CK_CNT = CK_PSC [—| _|
Counter register 34 X 35 X 36
TIF
P /
Write TIF=0

Figure 19-23 Control circuit in external clock mode 1
External clock source mode 2
This mode is selected by making ECE = 1 in the TIMx_SMCR register, and the counter can externally
trigger each rising or falling edge of the ETR to count.

The following figure is a block diagram of the external trigger input:

TI2F£ ori
T|1F£ ori

TIMx_AF1[17:14]

ETR bin TRGI 5 Exterr;;l cllock
|:7— mode CK_PSC
tim_etr[15:1] Divider ETRP Filter ETRF 5 Extemal clock

> /1,/2,/4,/8 DTS | gowncounter mode 2

CK_INTf Internalclock
1.0 3.0

TIMx_SMCR  TIMx_SMCR TIMx_SMCR

TIMx_SMCR

Figure 19-24 External trigger input block diagram
For example, to configure an up-counter that counts every 2 rising edges under ETR, use the following
steps:
1. No filter is needed in this example, set ETF [3: 0] = 0000 in the TIMx_SMCR register;
2. Set the prescaler and set ETPS [1: 0] = 01 in the TIMx_SMCR register;
3. Select the rising edge of the ETR input terminal and set ETP = 0 in the TIMx_SMCR register;
4. Turn on external clock mode 2 and write ECE =1 in the TIMx_SMCR register;
5. Start counter, write CEN =1 in TIMx_CR1 register;

The counter counts at every 2 ETR rising edges.
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The delay between the rising edge of the ETR and the actual clock of the counter depends on the

synchronization circuit of the ETRP signal.

T Uuuyuu

CNT_EN |

ETR | I
ETRP
ETRF

Counter clock=CK_CNT=CK_PSC H ll

Counter register 34 )C 35 j,(:36

Figure 19-25 Control circuit in external clock mode 2
19.2.6 Capture/Compare channels

Each capture/compare channel is surrounded by a capture/compare register (including a shadow reg-
ister), including an input portion of the capture (digital filtering, multiplexing and prescaler, except for
channels 5 and 6), and an output portion (comparator and output control).

The following figures are capture/compare channel overviews.

The input stage samples the corresponding TIx input to generate a filtered signal TIXF. An edge mon-
itor with polarity selection then generates a signal (TIxFPx) that can be triggered as an input from the

slave mode controller or as a capture control. It is prescaled before the capture register (ICxPS).

TIIF_ED
To slave mode controller
—>
TILF_Rising \|
Filter TILF Edge hd 0 TI1FP1 01
downcounter detector | TI1F_Fallin /:H

TI2FP1
10 {IcY]  Divider IC1Pg

TI2F_Rising(from channel2) | 0 /1,/2,/4,/8
>

TI12F_Falling(from channel2) ___ TRC |
1 From slave

mode controller

TIMx_TISEL

TI1SEL[3:0]

TIM_CH1
O————
tim_ti1_in[15:1]
L A

[ccasprop [ icpspizop | [ ccae ]
TIMx_CCMR1 TIMx_CCER

Figure 19-26 Capture/compare channel (example: channel 1 input stage)
The output stage generates an intermediate waveform which is then used for reference: OCxRef (ac-

tive high). The polarity acts at the end of the chain.
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| APB Bus |

A

| MCU-peripheral interface |

A

Output mode
16/32bit

cc1s[1] Y
Fapture/compa re preload registerl

ccis[1]

TIMx_EGR |

Counter
Figure 19-27 Capture/Compare the main circuit of channel 1
TIMx_SMCR
To other master
0cCs ’ trol
—{ode controfler CC1P | TIMx_CCER
0 Output
OCREF_CLR—{ 0 i 0 oc1
— ocref_clr_int X0 Mode > |:|
ETRF 1 10 1 (‘nnf‘ oller
CNT>CCR1 —Output ] OCIREF outut Dead- [Pl i
_ Mode time
CNT=CCR1 |
Controller selector | OCLREFC generator CIN_D m
L1110 0 Output OCIN
OCXREF————
OC5REF—— & —ox 1 Mode
Controller
A
\Y R
ccinp| | ccane| ccie
OCICE | 0CIM[3:0] DTG[7:0] TIMx_BDTR 0ssi | ossr
TIMx_CCMR1 TIMx_BDTR

Figure 19-28 Output stage of capture/compare channel (channel 1 to 4)

TIMx_SMCR
0OCCS

To the master

mode controller
OCREF_CLR ocref_clr_int >
1

ETRF
CNT>CCRS —output

OCS5REF
CNT=CCRS Mode Output ocs
Controller enable 4D
circuit
CCSE TIMx_CCER
OC5CE | OC5M([3:0]

TIMx_CCMR3 [ moE] ossi] Timx_sDTR

OIS5 TIMx_CR2

Figure 19-29 Output stage of capture/compare channel (channel 5,6)
The capture/compare block is made of one preload register and one shadow register. Write and read

always access the preload register.
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In capture mode, captures are actually done in the shadow register, which is copied into the preload

register.

In compare mode, the content of the preload register is copied into the shadow register which is com-

pared to the counter.

19.2.7 Input capture mode:
In input capture mode, when the corresponding edge on the ICx signal is detected, the current value
of the counter is latched into the capture/compare register (TIMx_CCRXx). When a capture event occurs,
the corresponding CCxIF flag (TIMx_SR register) is set to 1, and if an interrupt or DMA operation is
enabled, an interrupt or DMA request will be generated. If the CCxIF flag is already high when the
capture event occurs, the over-capture flag CCxOF (TIMx_SR register) is set to 1. The CCxIF can be
cleared by writing CCxIF = 0, or by reading the captured data stored in the TIMx_CCRX register.

CCxOF is cleared when you write it to ‘0’.

The following example shows how to capture the counter value in TIMx_CCR1 when Tllinput rises.

To do this, use the following procedure:

B Select valid input: TIMx_CCMR1 must be connected to the TI1 input, so CC1S = 01 written in the
TIMx_CCMR1 register, as long as CC1S is not '00', the channel is configured as input, and the
TIMx_CCR1 register becomes read-only.

B Program the input filter duration you need with respect to the signal you connect to the timer
(when the input is one of the TIx (ICxF bits in the TIMx_CCMRX register)). Let’s imagine that,
when toggling, the input signal is not stable during at must 5 internal clock cycles. We must pro-
gram a filter duration longer than these 5 clock cycles. We can validate a transition on TI1 when
8 consecutive samples with the new level have been detected (sampled at DTS frequency).
Then write IC1F bits to 0011 in the TIMXx_CCMR1 register.

B Select the valid transition edge of the TI1 channel and write CC1P = 0 (set to rising edge) in the
TIMx_CCER register.

B Program the input prescaler. In our example, we wish the capture to be performed at each valid
transition, so the prescaler is disabled (write IC1PS bits to ‘00’ in the TIMx_CCMR1 register).

B Enable capture from the counter into the capture register by setting the CC1E bit in the
TIMx_CCER register.

B If desired, the associated interrupt request may be allowed by setting the CC1IE bit in the
TIMx_DIER register, or the DMA request may be allowed by setting the CC1DE bit in the
TIMx_DIER register.

When an input capture occurs:

B The TIMx_CCR1 register gets the value of the counter on the active transition.

B The CCA1IF flag bit is set (interrupt flag). CC10F is also set if at least two consecutive captures
occurred whereas the flag was not cleared.

An interrupt is generated depending on the CC1IE bit.
A DMA request is generated depending on the CC1DE bit.
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In order to handle the overcapture, it is recommended to read the data before the overcapture flag.

This is to avoid missing an overcapture which could happen after reading the flag and before reading

the data.

Note: IC interrupt and/or DMA requests can be generated by software by setting the corresponding
CCXG hit in the TIMx_EGR register.
19.2.8 PWM input mode

This mode is a special case of the input capture mode, and the rest of the operation is the same as

the input capture mode except for the following differences:

Both ICx signals are mapped to the same TlIx input.
These 2 ICx signals are active on edges with opposite polarity.
One of the two TIXFP signals is selected as trigger input and the slave mode controller is config-

ured in reset mode.

For example, the user can measure the cycle (TIMx_CCRL1 register) and the duty cycle (TIMx_CCR2

register) of the PWM signal input to TI1 as follows

Select the active input for TIMx_CCR1: write the CC1S bits to 01 in the TIMx_CCMR1 register
(T selected).

Select the active polarity for TI1TFP1 (used both for capture in TIMx_CCR1 and counter clear):
write the CC1P bit to ‘0’ (active on rising edge).

Select the active input for TIMx_CCR2: write the CC2S bits to 10 in the TIMx_CCMR1 register
(T selected).

Select the active polarity for TI1TFP2 (used for capture in TIMx_CCR2): write the CC2Pbit to ‘1’
(active on falling edge).

Select the valid trigger input: write the TS bits to 101 in the TIMx_SMCR register (TI1TFP1 se-
lected).

Configure the slave mode controller in reset mode: write the SMS bits to 100 in the TIMx_SMCR
register.

Enable the captures: write the CC1E and CC2E bits to ‘1’ in the TIMx_CCER register.

I \
TIMx_CNT 0004 X ob\oo X 0001X 0002 X 6@103)( 0004 X o\;\oo)(:
TIMx CCR1 \ 004 \ \

\ \
\ \

\ 0002
IClca tug/x IC2 capture < Z?i?:;r
p Pulse width P

Reset counter Measurement
measurement
Reset counter

TIMx_CCR2

Figure 19-30 PWM input mode timing

Because only TI1IFP1 and TI2FP2 are connected to the slave mode controller, the PWM input mode

can only use the TIMx_CH1/TIMx_CH?2 signal.
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19.2.9 Forced output mode

In output mode (CCxS bits = 00 in the TIMx_CCMRX register), each output compares signal(OCxREF

and then OCx/OCxN) can be forced to active or inactive level directly by software, independently of

any comparison between the output compare register and the counter.

Set the corresponding OCxM = 0101 in the TIMx_CCMRX register to force the output comparison

signal (OCXREF/OCx) to an active state. Thus OCXREF is forced high (OCXREF is always active high)

and OCx get opposite value to CCxP polarity bit.

For example: CCxP=0 (OCx active high) => OCx is forced to high level.

The OCXREF signal can be forced low by writing the OCxM bits to 0100 in the TIMx_CCMRX register.

Anyway, the comparison between the TIMx_CCRx shadow register and the counter is still performed

and allows the flag to be set. Interrupt and DMA requests can be sent accordingly. This is described

in the output compare mode section below.
19.2.100utput compare mode

This function is used to control an output waveform or indicate that a given period of time has expired.

Channels 1 through 4 can output, but channels 5 and 6 are only used internally in the MCU (e.qg. for

generating mixed waveforms or for ADC triggering).

When a match is found between the capture/compare register and the counter, the output compare

function:

B Assigns the corresponding output pin to a programmable value defined by the output compare
mode (OCxM bits in the TIMx_CCMRXx register) and the output polarity (CCxP bit in the
TIMx_CCER register). The output pin can keep its level (OCXM=0000), be set active
(OCxM=0001), be set inactive (OCxM=0010) or can toggle (OCxM=0011) on match.

Sets a flag in the interrupt status register (CCxIF bit in the TIMx_SR register).
Generates an interrupt if the corresponding interrupt mask is set (CCXIE bit in the TIMx_DIER
register).

B If the corresponding enable bit is set (CCxDE bit in the TIMx_DIER register, CCDS bit in the
TIMx_CR2 register selects the DMA request function), a DMA request is generated.

You can select whether the TIMx_CCRX register needs to use a preload register by configuring the

OCXPE bit in TIMx_CCMRXx.

In output compare mode, the update event UEV has no effect on OCXREF and OCx output. The timing

resolution is one count of the counter. Output compare mode can also be used to output a single pulse

(in One Pulse mode).

Procedure:

1. Select the counter clock (internal, external, prescaler).

2. Write the desired data in the TIMX_ARR and TIMx_CCRX registers.

3. Set the CCxIE bit if an interrupt request is to be generated.

4. Select the output mode. For example:

— Write OCxM = 0011 to toggle OCx output pin when CNT matches CCRx

— Write OCxPE = 0 to disable preload register

— Write CCxP = 0 to select active high polarity
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— Write CCxE = 1 to enable the output

5. Enable the counter by setting the CEN bit in the TIMx_CR1 register.

The TIMx_CCRXx register can be updated by software at any time to control the output waveform,
provided the preload register is not used (OCXPE = '0', otherwise the shadow register of TIMx_CCRXx

can only be updated when the next update event occurs). An example is given in the figure below.

Write B201 in the CC1R register

/
Counter register X 003a X 0038’ p200 B201
7

TIMx_CCR1 003A D¢ B201

OCIREF=0C1 |

Match detected on CCR1
Interrupt generated if enabled

Figure 19-31 Output comparison mode, flip OC1

19.2.11PWM mode
The pulse width modulation mode may produce a signal whose frequency is determined by the
TIMXx_ARR register and whose duty cycle is determined by the TIMx_CCRX register.
The OCxM bit in the TIMx_CCMRX register is written to '0110' (PWM mode 1) or '0111' (PWM mode
2), and each OCx output channel can be independently set to generate a PWM. The corresponding
preload register must be enabled by setting the OCXPE bit of the TIMx_CCMRX register, and finally
the ARPE bit of the TIMx_CRL1 register to enable the preload register that is automatically reloaded (in
up-count or centrosymmetric mode).
The preload register can only be transferred to the shadow register when an update event occurs, so
the user must initialize all registers by setting the UG bit in the TIMx_EGR register before the counter
starts counting.
OCx polarity is software programmable using the CCxP bit in the TIMx_CCER register. It can be pro-
grammed as active high or active low. OCx output is enabled by a combination of the CCxE, CCxNE,
MOE, OSSI and OSSR bits (TIMx_CCER and TIMx_BDTR registers). Refer to the TIMx_CCER reg-
ister description for more details.
In PWM mode (1 or 2), TIMx_CNT and TIMx_CCRx are always compared to determine whether
TIMx_CCRx < TIMx_CNT or TIMx_CNT < TIMx_CCRXx (depending on the direction of the counter).
The timer is able to generate PWM in edge-aligned mode or center-aligned mode depending on the
CMS bits in the TIMx_CR1 register.
PWM edge-aligned mode
B Upcounting configuration
Upcounting is active when the DIR bit in the TIMx_CR1 register is low.
In the following example, we consider PWM mode 1. The reference PWM signal OCxREF is high as
long as TIMx_CNT < TIMx_CCRx else it becomes low. If the comparison value in TIMx_CCRXx is

greater than the auto-reload value (TIMx_ARR), OCXREF remains' 1 '. If the comparison value is 0,
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then OCXREF remains' 0 '. Figure below shows some edge-aligned PWM waveforms in an example

where TIMx_ARR=8.

Counter register

(o)X 21X 2X3X4X5 X6 7h 8 ok D)

OCXREE

CCRx=4

CCx1F

[
|

OCXREE

CCRx=8

CCx1E

L]

OCXREE__1

CCRx>8
CCx1E

OCXREF__ O

CCRx=0
CCx1E

Figure 19-32 Edge-aligned PWM waveforms (ARR=8)

B Downcounting configuration

Downcounting is active when DIR bit in TIMx_CR1 register is high.

In PWM mode 1, the reference signal OCxRef is low as long asTIMx_CNT > TIMx_CCRXx else it be-

comes high. If the comparison value in TIMx_CCRXx is greater than the auto-reload value in TIMx_ARR,

OCXREF remains '1'. 0% PWM is not possible in this mode.

PWM Central Alignment Mode

The center alignment mode is when the CMS bit in the TIMx_CR1 register is not '00' (all other config-

urations of the CMS bit have the same effect on the OCXREF/OCx signal). The compare flag is set

when the counter counts up, when it counts down or both when it counts up and down depending on

the CMS bits configuration. The direction bit (DIR) in the TIMx_CR1 register is updated by hardware

and must not be changed by software.

The following figure gives some examples of centrally aligned PWM waveforms

m  TIMx ARR=8

®m  PWM mode is the PWM mode 1

B CMS = 01 for the TIMx_CR1 register, in center alignment mode 1, the compare flag is set when

the counter counts down.
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Counter register Co XX 2)(3)(aX s X e X X 8 7X e X5 X aX3X 2X 1 oX1)
OCXREF
OCRx=4 | |
COxX1F CMS=01 Va
cms=10 A
cvs=11 A ba
OCXREF
CCRx=7
COF CMS=10 or 11 |
OCXREF
1
CCRx=8 CM5=01 7
COX1F CMs=10
CMs=11 Va
OCXREF ——
CCRx>8 CMS=01 /!
COx1F CMS=10 b
CMs=11 ba
OCXREF —L
CCRx=0 CMS=01
CMS=10
coar CMs=11 /
7 7

Figure 19-33 Centre-aligned PWM waveform (APR = 8)

Hints on using center-aligned mode:

B When starting in center-aligned mode, the current up-down configuration is used. It means that
the counter counts up or down depending on the value written in the DIR bit in the TIMx_CR1
register. Also, do not modify the DIR and CMS bits simultaneously through software.

B Writing to the counter while running in center-aligned mode is not recommended as it can lead to
unexpected results. In particular:

-If the value of the write counter is greater than the value of the auto-reload (TIMXx_CNT > TIMx_ARR),

the direction is not updated.

For example, if the counter was counting up, it continues to count up.

-If a value of 0 or TIMXx_ARR is written to the counter, the direction is updated, but no update event

UEV is generated.

B The safest way to use center-aligned mode is to generate an update by software (setting the UG
bit in the TIMx_EGR register) just before starting the counter and not to write the counter while it
is running.

Jitter mode

The DITHEN bit of the TIMx_CR1 register may be enabled to turn on the jitter mode to improve the

effective resolution of the PWM mode. Can be applied to CCR (improved duty cycle resolution) and

ARR (improved resolution of PWM frequency)

The principle of operation is to make the actual CCR (or ARR) value change slightly (with or without

increasing a timer cycle) over 16 consecutive PWM cycles, and how the change can be set by prede-

fined settings. When calculating the average duty cycle, you can achieve a 16-fold increase in resolu-

tion. The figure below shows the jitter principle of four consecutive PWM periods
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TR 7 clock 5 clock
[ —Ccycle cycle
DC=7/12
DC=(7+1/4)/
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DC=(7+1/2)
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DC=8/12

_} <_
1 clock cycle

Figure 19-34 jitter principle

When jitter mode is enabled, the value of the register will automatically change as follows:

The lowest 4 bits is the encoding for improving resolution (fractional part)

The high bit is shifted left to 19: 4 for encoding as the base value (integer part)

Note: When dither mode is on or off, the values of ARR and CCR are automatically updated (for ex-

ample, ARR = 0x05 when DITHEN = 0, then ARR = 0x50 when DITHEN = 1), the following steps must

be followed when resetting the DITHEN bit

1.

2
3
4,
5

CEN and ARPE bits must be reset

The ARR [3: 0] bit must be reset

The DITHEN bit must be reset

The CCIF flag must be cleared

CEN bit can be set (ARPE = 1 can be set)

b19

b0

Register format in MSB:16-bits, intger part
dithering mode

MSB:4-bits,
fractional part

b19

326

Example

20

|

Base compare value is
20 during 16 periods

Additional 6 cycles are
spread over the 16 periods

Figure 19-35 Data mapping and register coding in  dither mode

The minimum frequency is calculated as follows:

. . REINE S
According to resolution R
PWM iR

In jitter-free mode: Minimum PWM frequency =

push out: minimum PWM frequency =

TERTERTER
65536

TERTRRITIE
RADHE
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TERTRRE

When there is jitter mode: minimum PWM frequency = i
65535+R

Note: The maximum values of TIMx_arr and TIMXCCRY in jitter mode are limited to OXFFFEF (corre-
sponding to 65534 in the integer part and 15 in the jitter part). Exceeding OXFFFEF, there will be an
overflow situation, that is, arr = OXFFFF+1 = 0.

The figure below shows that in jitter mode, the resolution of the PWM can be improved regardless of

the PWM frequency

PWM % 5
A

20bit | —

16bit  —

»
>

PW M 4%

PWM
A ES

Figure 19-36 PWM Resolution VS Frequency

The duty cycle and cycle changes in 16 consecutive cycles are as follows:

Counter period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

CCR1 value X 322
CCR2 value X 326

Figure 19-37 PWM Jitter Mode
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The auto-reload and compare value increments are distributed in a specific pattern as described in the

following table, with the incremental distribution of the jitter sequence as uniformly as possible, mini-

mizing the overall ripple
Table 19-1 CCR and ARR register jitter changes

LSB PWM Cycle

value 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
0000

0001 +1

0010 +1 +1

0011 +1 +1 +1

0100 +1 +1 +1 +1

0101 +1 +1 +1 +1 +1

0110 +1 +1 +1 +1 +1 +1

0111 +1 +1 +1 +1 +1 +1 +1

1000 +1 +1 +1 +1 +1 +1 +1 +1
1001 +1 +1 +1 +1 +1 +1 +1 +1 +1
1010 +1 +1 +1 +1 +1 +1 | +1 | +1 +1 +1
1011 +1 +1 +1 +1 | +1 | +1 +1 | +1 | +1 +1 +1
1100 +1 +1 +1 +1 | +1 | +1 +1 | +1 | +1 +1 | +1 | +1
1101 +1 +1 +1 | +1 | +1 | +1 | +1 +1 | +1 | +1 +1 | +1 | +1
1110 +1 +1 +1 | +1 | +1 | +1 | +1 +1 | +1 | +1 | +1 | +1 |41 | +1
1111 +1 +1 +1 [ +1 [ +1 | +1 [ +1 | +1 | +1 |[+1 |+1 | +1 |41 | +1 | +1

The dither mode can also be applied in the intermediate alignment PWM mode (CMS! = 00). The figure

below considers the case where the dither mode is applied to 8 consecutive cycles when counting up

and down.

No dithering

Dithering up

i
1
I
I
|
|
|
|

S U O

Dithering down

Figure 19-38 Effect of jitter on duty cycle in aligned PWM mode in middle of the figure

Table 19-2 Change of CCR Register Jitter in Middle Aligned PWM Mode

PWM Cycle

\l;;ﬁe 2 3 4 5 6

UP DN UP DN UP | DN | UP | DN | UP | DN | UP | DN | UP | DN | UP | DN
0000
0001 | +1
0010 +1 +1
0011 | +1 +1 +1
0100 | +1 +1 +1 +1
0101 | +1 +1 +1 +1 +1
0110 | +1 +1 +1 +1 +1 +1
0111 | +1 +1 +1 +1 +1 +1 +1
1000 | +1 +1 +1 +1 +1 +1 +1 +1
1001 +1 +1 +1 +1 +1 +1 +1 +1 +1
1010 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
1011 | +1 +1 +1 +1 | +1 | +1 +1 | +1 | +1 +1 +1
1100 | +1 +1 +1 +1 | +1 | +1 +1 | +1 | +1 +1 | +1 | +1
1101 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
1110 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
1111 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
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19.2.12Asymmetric PWM mode
The asymmetric mode allows two centrally aligned PWM signals to produce a programmable phase
shift. When the frequency is determined by TIMx_ARR and the duty cycle and phase shift are deter-
mined by a pair of TIMx_CCRKX registers. The asymmetric mode allows the generation of two center-
aligned PWM signals using programmable phase shifts. One TIMx_CCRX register is controlled during
the up-count phase and the other during the down-count phase so that the PWM can be adjusted
every half PWM cycle
B The OC1REFC(orOC2REFC) is controlled by TIMx_CCR1 and TIMx_CCR2
B The OC3REFC(orOC4REFC) is controlled by TIMx_CCR3 and TIMx_CCR4
By writing 1110 to OCxM (asymmetric PWM mode 1) and 1111 to OCxM (asymmetric PWM mode 2),
asymmetric PWM mode can be independently selected on dual channels (each pair of CCR registers
controls one OCx output)
Note: For compatibility reasons, the OCxM [3: 0] field is divided into two parts, with the highest and
lower 3 bits not contiguous.
When a given channel is used as an asymmetric channel, its adjacent channels (channel 1 adjacent
to channel 2) can also be used. For example, if OC1REFC is generated by channel 1 (asymmetric
PWM mode 1), channel 2 may also output OC2REF, or OC2REFC through asymmetric PWM mode 1
The figure below represents an example of using asymmetric PWM mode to generate signals (chan-
nels 1 through 4 are configured as asymmetric PWM mode 2), which, together with the dead time

generator, controls a full-bridge DC-DC phase shift inverter.

R OO nODeON0O0008008

OC1REFC
CCR1=0 ’
CCR2=8

OC3REFC

CCR3=3
CCR4=5

Figure 19-39 2 50% duty cycle phase shift PWM

19.2.13Combined PWM mode
The combined PWM mode allows an edge or center aligned PWM signal to be generated by program-
mable delay and phase shift between pulses. The frequency is determined by the ARR and the duty
cycle and delay are determined by the two CCRs. The resulting signal OCXREFC is generated by
AND/OR logic between two reference PWMs
B The OC1REFC(orOC2REFC) is controlled by TIMx_CCR1 and TIMx_CCR2
B The OC3REFC(orOC4REFC) is controlled by TIMx_CCR3 and TIMx_CCR4
Asymmetric PWM modes can be independently selected on dual channels (each pair of CCR registers
controls one OCx output) by writing to OCxM 1100 (combined PWM mode 1, logic OR output) and
OCxM 1101 (combined PWM mode 2, logic AND output
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When a given channel is used as a combined PWM channel, its complementary channels must be
configured in opposite PWM modes (e.g., one for combined PWM mode 1 and one for combined PWM
mode 2).

The following figure shows an example of a combined mode generation signal, including

B Channel 1is combined PWM mode 2

B Channel 2 is PWM Mode 1

B Channel 3 is combined PWM mode 2

B Channel 4 is PWM Mode 1

- V/

OC1REF

ocmee | || B —

OC1REFC=0C1REF AND OC2REF

P

CCR1

OC1REF

L
|
\

OC2REF

|| ||

OC1REFC=0OC1REF OR OC2REF

Figure 19-40 Combined PWM patterns for channel 1 and channel 3
19.2.14Three-phase PWM combination mode
The three-phase combined PWM mode allows three centrally aligned PWM signals to be generated
by a single programming signal and logic in the middle of a pulse. The OC5REF is used to define the
resulting combined signal. GC5C1/GC5C2/GC5C3of TIM_CCRS is used to select by which reference
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signal the OC5REF is combined. The final output signal OCXREFC is generated by AND logic of two

reference PWM signals

B GC5C1 =1, OC1REFC is controlled by CCR1 and CCR5
B GC5C2 =1, OC2REFC is controlled by CCR2 and CCR5
B GC5C3 =1, OC3REFC is controlled by CCR3 and CCR5
[ |

Three-phase combined PWM mode can be independently selected from channels 1 to 3 via
GC5C1/GC5C2/GC5C3

ARR ///\\\
CCR5

CCR6 / \

CCR1 o , / \ Ve \
CCR3 / \ /

Count

OC5REF

OC1REFC

OC2REFC
OC3REFC

GC5Cx Preload | 100 X— XXX X— XXX
GC5Cx Active 001 ~ 100 S~
[
OCA4REF | ' ‘

OC6REF

TRGO2

Figure 19-41 Three-phase PWM combination mode

The Trgo2 waveform shows how the ADC is synchronized in a given three-phase PWM signal

19.2.15Complementary outputs and dead-time insertion

The advanced-control timers (TIM1) can output two complementary signals and manage the switching-

off and the switching-on instants of the outputs.

This time is generally known as dead-time, and you have to adjust it depending on the devices you

have connected to the outputs and their characteristics (intrinsic delays of level-shifters, delays due to

power switches...)

You can select the polarity of the outputs (main output OCx or complementary OCxN) independently

for each output. This is done by writing to the CCxP and CCxNP bits in the TIMx_CCER register.
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The complementary signals OCx and OCxN are controlled by a combination of the following control
bits: the CCxE and CCXxNE bits of the TIMx_CCER register, the MOE, OISx, OISxN, OSSI and OSSR
bits of the TIMx_BDTR and TIMx_CR2 registers, as detailed in the control bits of the complementary
output channels OCx and OCxN with brake function. In particular, the dead-time is activated when

switching to the IDLE state (MOE falling down to 0).

Dead-time insertion is enabled by setting both CCxE and CCxNE bits, and the MOE bit if the break

circuit is present. By configuring the DTG [7: 0] bit in the TIMx_BDTR register, you can control the

dead time generator for all channels. From a reference waveform OCXREF, it generates 2 outputs

OCx and OCxN. If OCx and OCxN are active high:

B The OCx output signal is the same as the reference signal except for the rising edge, which is
delayed relative to the reference rising edge.

B The OCxN output signal is the opposite of the reference signal except for the rising edge, which
is delayed relative to the reference falling edge.

If the delay is greater than the width of the active output (OCx or OCxN) then the corresponding pulse

is not generated.

The following figures show the relationships between the output signals of the dead-time generator

and the reference signal OCxREF. (we suppose CCxP=0, CCxNP=0, MOE=1, CCxE=1 and CCxNE=1

in these examples)

OCXREF ‘

OCX ‘

OCXN \ \

<—» delay <—» delay
Figure 19-42 Complementary output with dead-time insertion

OCXREF

ocx \—‘

OCXN <—» delay

Figure 19-43 Dead-time waveforms with delay greater than the negative pulse

OCXREF

oCX

OCXN ‘ H delay

Figure 19-44 Dead-time waveforms with delay greater than the positive pulse.
When DTAE =1, the rising edge dead time is configured by the DTG [7: 0] bit of TIMx_BDTR, and the
falling edge dead time is configured by the DTGF [7: 0] bit of TIMx_DTR2. The writing of the DTAE
needs to be before the counter is enabled. When CEN =1, it is not allowed to modify the DTAE.
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The dead time can be modified during the PWM operation through the mechanism of preloading. When
the DTPE of TIMX_DTR?2 is set, the dead time configuration registers DTG [7: 0] and DTGF [7: O] are
preloaded, and the preloaded data is loaded intothe cache register at the next update event.

Note: If the DTPE bit is set while the counter is enabled, new data written since the last update is

discarded and the previous value is used

OCX

]

OCXN | |

DTG[7:0] &> <« DTG[7:0] = <«

DTAE=0

OCXREF
OCX

OCXN |

DTGF[7:0] > < DTG[7:0] = <«

DTAE=1

Figure 19-45 asymmetric dead time

19.2.15.1 Re-directing OCxREF to OCx or OCxN
In output mode (forced, output compare or PWM), OCXREF can be re-directed to the OCx output or to
OCXxN output by configuring the CCxE and CCxNE bits in the TIMx_CCER register.
This allows you to send a specific waveform (such as PWM or static active level) on one output while
the complementary remains at its inactive level. Other alternative possibilities are to have both outputs
at inactive level or both outputs active and complementary with dead-time.
Note: When only OCxN is enabled (CCxE = 0, CCxNE = 1), it does not invert and becomes high
immediately when OCXREF is active. For example, if CCxNP=0 then OCxN=0OCxREF. On the other
hand, when both OCx and OCxN are enabled (CCxE=CCxNE=1) OCx becomes active when OCxREF
is high whereas OCxN is complemented and becomes active when OCXREF is low.

19.2.16Using the break function
The purpose of the brake function is to protect the power switch driven by the PWM output from the
TIMER. The input to the two-way brakes is usually the fault output connected to the three-phase in-

verter and power stage chip. When the brake signal is active, it will immediately turn off all outputs of
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the PWM and force them to a preset safe level state. Some internal events of the MCU can also be

used as trigger signals to turn off the output.

There are two channels of braking events. Channel 1 includes system-level faults (clock failure, ECC,

parity, etc.) and application-level faults (through input pins or built-in comparators), and can be forced

to output to a preset level (whether working or idle) after a dead zone. Channel 2 contains only some
application layer faults and forces the output to an invalid state.

The output enable signal and output level during braking are controlled by the following bits

B The MOE bit of TIMx_BDTR can be enabled and turned off by software or 2-way brake event
reset

B The OSSI bit of TIMx_BDTR is used to define whether the timer also controls the output when
idle, or releases control of the GPIO controller (high impedance state)

B The OISx and OISxN bits of TIMx_CR2 are used to set the output to an invalid level regardless
of the working or idle state, andthe OCxandOCxN outputscannot be set to an active level at the
same time at the same time, regardless of the values of OISx and OISxN.

When exiting from reset, the brake function is turned off and the MOE is 0. The brake function can be
turned on by enabling the BKE and BK2E bits of TIMXBDTR. The polarity of the brake input is config-
urable via BKP and BK2P. BKEx and BKPx can be modified simultaneously. When the BKE and BKP
bits are written, a delay of 1 APB clock cycle is applied before the writing is effective. Consequently, it
is necessary to wait 1APB clock period to correctly read back the bit after the write operation.
MOE falling edge can be asynchronous, thus a resynchronization circuit has been inserted between
the actual signal (acting on the outputs) and the synchronous control bit (accessed in the TIMx_BDTR
register). It results in some delays between the asynchronous and the synchronous signals. In partic-
ular, if you write MOE to 1 whereas it was low, you must insert a delay (dummy instruction) before
reading it correctly. This is because the write acts on the asynchronous signal whereas the read re-
flects the synchronous signal.

A source of the brake channel 1;

B An external source can be connected to one of the TIMx_BKIN pins (select GPIO and configura-
tion registers), plus polarity selection and filtering

B The internal source contains 2 parts

€ Signal from brake comparator (tim_brk_cmpx)

€ From system brake request

A source of the brake channel 2;

B An external source can be connected to one of the TIMx_BKIN2 pins (select GPIO and configu-
ration registers), polarity selection and filtering

B Internal source from brake comparator signal (tim_brk2_cmpx)

The brake event may also be generated by software, and the BG and B2G bits of TIMx_EGR may be

set, with all brake sources being OR as brake inputs for tim_brk and tim_brk2. Figure below:
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tim_sys_brk0

tim_sys_brk1

Enable :‘ )
tim_sys_brk2

Enable

tim_sys_brk

SBIF flag

tim_sys_brk3

Enable

tim_sys_brkx

Software break
requests BG

BIF flag

tim_brk

Software break
requests B2G

B2IF flag

tim_brk2

Figure 19-46 Brake and Brake 2 Circuit

Note: Asynchronous operation can only be guaranteed when there is no filtering. If filtering is turned

on, a failsafe clock mode must be used to ensure that brake interrupt events are handled (e.g. using

internal PLL or CSS, no filtering).

When a break occurs (selected level on the break input):

B The MOE bit is cleared asynchronously, placing the output in an invalid state, an idle state, or
releasing control of the GPIO controller (selected by the OSSI bit). This feature functions even if
the MCU oscillator is off.

B Each output channel is driven with the level programmed in the OISx bit in the TIMx_CR2 register
as soon as MOE=0. If OSSI = 0, the timer releases output control, otherwise the enable output is
always high.

B When complementary outputs are used:

-The output is first put into a reset state, i.e. an invalid state (depending on polarity). This is done

asynchronously so that it works even if no clock is provided to the timer.

— If the clock of the timer still exists, the dead time generator will re-take effect, driving the output port

according to the level indicated by the OISx and OISxN bits after the dead time. Even in this case,

OCx and OCxN cannot be driven to their active level together. Note that the dead time is longer than

usual (approximately 2 clock cycles) because of the resynchronization of the MOE.

-if OSSI = 0, the timer releases the output, otherwise keeps the output enabled; Or once one of CCxE

and CCxNE becomes high, the enable output becomes high.

B The brake status flag is pulled up (SBIF, BIF, B2IF for TIMx_SR). If the BIE bit in the TIMx_DIER
register is set, an interrupt is generated when the brake status flag (BIF bit in the TIMx_SR regis-
ter) is' 1. If the TDE bit in the TIMx_DIER register is set, a DMA request is generated.

B [f the AOE bit in the TIMx_BDTR register is set, the MOE bit is automatically set again at the next
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update event UEV. This can be used to perform a regulation, for instance. Otherwise, the MOE

remains low until it is set to 1" again; At this time, this feature can be used in safety. You can

connect the brake input to the power-driven alarm output, thermal sensor or other safety devices.
Note: When AOE is 1, if MOE is reset by the CPU, the output will enter the idle state and be forced to
an invalid level or high impedance (depending on the value of OSSI). If both MOE and AOE are reset
by the CPU, the output will enter the invalid state and the output level is driven by the OISx bit.
Note: The break inputs are active on level. Thus, the MOE cannot be set while the break input is active
(neither automatically nor by software). At the same time, the status flags BIF and B2IF cannot be
cleared.
In addition to the break input and the output management, a write protection has been implemented
inside the break circuit to safeguard the application. It allows the user to freeze several configuration
parameters (dead time duration, OCx/OCxN polarity and disabled state, OCxM configuration, brake
enable and polarity). The user can select one of the three levels of protection by setting the LOCK bit
in the TIMx_BDTR register, see Brake and Dead Time Register (TIMXx_BDTR). The LOCK bits can be
written only once after an MCU reset.

The figure below shows an example of behavior of the outputs in response to a break.

OCXREF BRK_IN
OCx
(C%CXN not implemented, CCxP=0, OISx=1)
X

E)OCCXN not implemented, CCxP=0, OISx=0)
X

(OCxN not implemented, CCxP=1, OISx=1)
OCx

(OCxN not implemented, CCxP=1, OISx=0)

OCx

AR

delay delay =E

OCxN
(OCxE=1, CCxP=0, OISx=0, CCxNE=1, CCxNP=0, OISxN=1)

OCx delay|€>» ﬂ delay I(;bl delay

OCxN
(OCxE=1, CCxP=0, OISx=1, CCxNE=1, CCxNP=1, OISxN=1)

OCx |<-> delay

OCxN
(OCxE=1, CCxP=0, OISx=0, CCxNE=0, CCxNP=0, OISxN=1)

OCx
OCxN
(OCxE=1, CCxP=0, OISx=1, CCxNE=0, CCxNP=0, OISxN=0) <4» delay

OCx

OCxN
(OCxE=1, CCxP=0, CCxNE=0, CCxNP=0, OISx=0ISxN=0 or OISx=0ISxN=1)

Figure 19-47 Output behavior in response to a break
The two brake input signals have different behaviors at the output of the timer
Tim_brk can either invalidate the output or force it to a preconfigured secure state

Tim_brk2 can only make the output invalid.
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The priority of tim_brk is higher than that of tim_brk2, which is described by the following figure:

Note: tim_brk2 is only used when OSSR = OSSI = 1 (output is not high impedance)

Table 19-3 Output Behavior at Brake and Brake 2 Input

Typical situation
BRK BRK2 TIM output status OCxN output (low side OCx output (high side
switch) switch)
-Output is invalid and force output .
Active X statep(after dead zone) P On after degd Zone Inser- OFF
-Output forbidden if OSSI =0 tion
Inactive | Active Not valid OFF OFF

The following figure depicts the output behavior of OCx and OCxN when tim_brk and tim_brk2 are
valid. All polarities are highly effective (CCxP = CCxNP = 0 of the TIMx_CCER register)

—» < Deadtime

tim_brk2
tim_brk \
OCx
—» < Deadiime—» <
OCxN
1/O state Active Inactive

Figure 19-48 PWM output state after braking and braking 2 (OSSI = 1)

1/0 state defined by the GPIO controller (HI-Z)

1/0 state defined by the GPIO controller (HI-Z)

tim_brk
OCx J
—» <« Deadime—» <«
OCxN
/O state Active Inactive <

Disabled

\4

Figure 19-49 PWM output state after braking and braking 2 (OSSI = 0)
19.2.17Bidirectional brake input

TIM1 has two-way brake 1/0, as shown in the figure below:
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tim_sys_brk

———- SBIFflag

Software break
requests BG

BIF flag

BRK request

Other break inputs: brk_cmp[4:1] BKF

tim_brk

[«— System break request

ou Bidirectional
n Mode control logic

11

MOE BKBID BKBDSRM

[€—tim_brk request

Figure 19-50 Output Redirection (when Brake 2 is not requested)

I/O support features:

B Provides a board-level global brake signal that sends a fault signal to the external MCU and gate
driver through a unique pin that can be used as both input and output

B When it is necessary to combine a plurality of internal and external brake sources, the internal
brake source and the plurality of external open-drain sources are OR calculated as the unique
trigger signal of the braking event

The inputs of tim_brk and tim_brk2 are controlled to be bidirectional by the BKBID and BK2BID bits of

TIMXxBDTR. BKBID and BK2BID can be set to 1 using the LOCK bit (LOCK level 1) of TIMXBDTR, and

the implementation is locked into read-only mode.

Both tim_brk and tim_brk2 inputs can usebidirectional modeand require I/O configuration in open drain

mode with low active polarity (via BKINP, BKP, BK2INP, BK2P control bits). Whether from the system

(e.g. CCYS), from the board-level peripheral, or the brake input forcing a low level indicates a brake

input failure event, it can be used as a brake request. However, for safety reasons, when the polarity

bit is not effectively configured (when configured to be active high), the bidirectional mode is disabled.

Software braking events (BG, B2G) will also cause the brake 1/O to be pulled down, which is used to

show external devices that this timer has entered the braking state. Of course, it is only possible when

BKE or B2KE is 1. When BKE or B2KE is 0, a software brake event occurs, the output is set to a safe

state and a brake flag signal is generated, but it has no effect on TIMx_BKIN and TIMx_BKIN2 I/O

A safe release mechanism prevents the system from being restrictively locked (a low level at the brake

input triggers a brake, which in turn forces the input to low level)

When the BKDSRM (BK2DSRM) bit is set to 1, the brake output control can be released, the fault flag

signal is cleared and the possibility of reconfiguring the system is provided.

Under no circumstances should the brake protection circuit be turned off:

B The brake input path is always active: even if the BKDSRM (BK2DSRM) bit is set to 1 and the
open-drain control is released, the brake event is still active. This prevents that PWM output from
being restarted while still in the brake state

B When the output is enabled (MOE = 1), the BKDSRM (BK2DSRM) bit cannot release brake pro-

tection
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Table 19-4 Brake protection status

MOE BKBID (BK2BID) BKDSRM (BK2DSRM) Brake protection status
0 0 X Enable
0 1 0 Enable
0 1 1 11 Disarmed
1 X X Enable
19.2.17.1 Enable and re-enable the brake circuit

By default, the brake circuit (in input or bi-directional mode) is enabled

Follow the following procedure to restart the protection after braking (or brake 2):

B The BKDSRM (BK2DSRM) bit must be set to 1 to release output control

B The software must wait until the system brake status disappears and then clear the SBIF status
flag (or systematically clear it before re-enabling)

B The software must poll the BKDSRM (BK2DSRM) bit until it is cleared by the hardware (when the
application brake state disappears)

In this way, the brake circuit is activated and the MOE bit can be re-enabled for the PWM output

19.2.18Clearing the OCxXREF signal on an external event

For a given channel, setting the corresponding OCxCE bit in the TIMx_CCMRX register to '1' enables

the OCXREF signal to be pulled low with a high level at the OCREF_CLR_INT input, and the OCXREF

signal will remain low until the update event UEV generated by the next count overflow occurs. This

function can only be used in output compare and PWM modes. It does not work in Forced mode.

While OCREF_CLR_INT can be selected between OCREF_CLR and ETRF (after ETR filtering) by

configuring the OCCS bit in the TIMx_SMCR register.

TIMX_AF2

OCRSEL[2:0]

TIMx_SMCR

occs

OCREF_CLR1

OCREF_CLR2

OCREF_CLR3

OCREF_CLR4

OCREF_CLR5

OCREF_CLR_INT

OCREF_CLRé&
ETRF

OCREF_CLR7

OCREF_CLR8

Figure 19-51 OCREF_CLR input selection
For example, the OCXREF signal can be connected to the output of a comparator to be used for current
handling. In this case, ETR must be configured as follows:
1. The external trigger prescaler should be kept off: bits ETPS[1:0] in the TIMXx_SMCR register are

cleared to 00.
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2. The external clock mode 2 must be disabled: bit ECE of the TIMx_SMCR register set to ‘0.

3. The external trigger polarity (ETP) and the external trigger filter (ETF) can be configured as needed.
The figure below shows the behavior of the OCXREF signal when the ETRF Input becomes High, for
both values of the enable bit OCxCE. In this example, the timer TIMx is placed in PWM1 mode.

(CCRX)
Counter(CNT)
ETRF

OCXREF (OCXCE=0)

[ P .

L]
OCxREF_CLR / AZREF_CLR

becomes high still high

OCXREF(OCXCE=1)

Figure 19 -520CxREF for clearing TIMx
19.2.19Generate a six-step PWM output

When complementary outputs are used on a channel, preload bits are available on the OCxM, CCxE
and CCxNE bits. These preload bits are transferred to the shadow register when a COM commutation
event occurs. In this way, you can pre-set the configuration of the next step and change the configu-
ration of all channels at the same time. COM can be generated by software by setting the COMG bit
in the TIMx_EGR register or by hardware (on TRGI rising edge).

When a COM event occurs, a flag bit (COMIF bit in the TIMx_SR register) will be set. At this time, if
the COMIE bit of the TIMx_DIER register has been set, an interrupt will be generated; If the COMDE
bit of the TIMx_DIER register has been set, a DMA request is generated.

The figure below describes the behavior of the OCx and OCxN outputs when a COM event occurs, in

3 different examples of programmed configurations.
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W\/‘/I
Counter(CNT) /

Example 3 ocx

OCxN

[

OCXREF
Write COM to 1
COM event
COxE=1 . CCxE=1
CCxNE=0 \A:?te OCf(M tq 1())0 CCXNE=0
- orced inactive
Example 1 o OOM=110(pwm1) g | o 0CxM=100
OCxN
Write CCxNE to 1
CCxE=1 and OCxM to 101 CCxE=0
CCxNE=0 (forced active) CCxNE=1
0OCxM=100(forced inactive) 0OCxM=101
Example 2 ocx
OCxN
Write CCxNE to 0
CCxE=1 and OCxM to 100 CCxE=1
CCxNE=1 (forced inactivwe) CCxNE=0
0CxM=110(pwm1) \IX 0CxM=100

[

Figure 19-53 generates a six-step PWM, using COM example (OSSR = 1)

19.2.200ne-pulse mode

One-pulse mode (OPM) is a particular case of the previous modes. It allows the counter to be started

in response to a stimulus and to generate a pulse with a programmable length after a programmable

delay.

Starting the counter can be controlled through the slave mode controller. Generating the waveform

can be done in output compare mode or PWM mode. One-pulse mode is selected by setting the OPM

bit in the TIMx_CRL1 register. This makes the counter stop automatically at the next update event UEV.

A pulse can be correctly generated only if the compare value is different from the counter initial value.

Before starting (when the timer is waiting for the trigger), the configuration must be:
B Up count mode: counter CNT < CCRx < ARR (in particular, 0 < CCRXx),

B Down counting mode: Counter CNT > CCRx.

TIZ—I_|
OC1REF
oc1 i
TIM1_ARR *
TIM1_CCR1 i
9]
€ ’_I_’_l_r
3
[e]
(]
0
tDELAY  tPULSE

Figure 19-54 Example of one pulse mode
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For example one may want to generate a positive pulse on OC1 with a length of tPULSE and after a

delay of tDELAY as soon as a positive edge is detected on the TI2 input pin.

Assume TI2FP2 as the trigger:

B Map TI2FP2 on TI2 by writing CC2S=01 in the TIMx_CCMR1 register.

B TI2FP2 must detect a rising edge, write C