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1.

1.1.

System and memory architecture

The devices of GD32E51x series are 32-bit general-purpose microcontrollers based on the
Arm® Cortex ®-M33 processor. The Arm® Cortex®-M33 processor includes two AHB buses
known as Code and System buses. All memory accesses of the Arm® Cortex®-M33 processor
are executed on these two buses according to the different purposes and the target memory
spaces. The memory organization uses a Harvard architecture, pre-defined memory map and
up to 4 GB of memory space, making the system flexible and extendable.

Arm® Cortex®-M33 processor

The Cortex®-M33 processor is a 32-bit processor that possesses low interrupt latency and
low-cost debug. The characteristics of integrated and advanced make the Cortex®-M33
processor suitable for market products that require microcontrollers with high performance
and low power consumption. The Cortex®-M33 processor is based on the Armv8 architecture
and supports a powerful and scalable instruction set including general data processing I/O
control tasks, advanced data processing bit field manipulations and DSP. Some system
peripherals listed below are also provided by Cortex®-M33:

B Internal Bus Matrix connected with Code bus, System bus, and Private Peripheral Bus
(PPB) and debug accesses

Nested Vectored Interrupt Controller (NVIC)
Breakpoint Unit (BPU)

Data Watchpoint and Trace (DWT)
Instrumentation Trace Macrocell (ITM)
Serial Wire JTAG Debug Port (SWJ-DP)
Trace Port Interface Unit (TPIU)

Memory Protection Unit (MPU)

Floating Point Unit (FPU)

DSP Extension (DSP)

Figure 1-1. The structure of the Cortex®-M33 processor shows the Cortex®-M33
processor block diagram. For more information, please refer to the Arm® Cortex®-M33

Technical Reference Manual.
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Figure 1-1. The structure of the Cortex®-M33 processor
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1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32E51x devices, which enables parallel
access paths between multiple masters and slaves in the system. The multilayer bus consists
of an AHB interconnect matrix, one AHB bus and two APB buses. The interconnection
relationship of the AHB interconnect matrix is shown below. In the following table, “1”
indicates the corresponding master is able to access the corresponding slave through the
AHB interconnect matrix, while the blank means the corresponding master cannot access the
corresponding slave through the AHB interconnect matrix.

Table 1-1. The interconnection relationship of the AHB interconnect matrix

CBUS | SBUS | DMAO | DMAL1 | ENET |OTGHS
FMC 1 1 1 1
SRAM 1 1 1 1 1 1
AHB1 1 1 1
AHB2 1 1 1 1 1 1
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CBUS | SBUS DMAO DMA1 ENET | OTGHS
APB1 1 1 1
APB2 1 1 1

As is shown above, there are several masters connected with the AHB interconnect matrix,
including CBUS, SBUS, DMAO, DMA1, ENET and OTGHS. CBUS is the code bus of the
Cortex®-M33 core, which is used for any instruction fetch and data access to the Code region.
Similarly, SBUS is the system bus of the Cortex®-M33 core, which is used for
instruction/vector fetches, data loading/storing and debugging access of the system regions.
The System regions include the internal SRAM region and the Peripheral region. DMAO and
DMA1 are the buses of DMAO and DMA1 respectively. ENET is the Ethernet. OTGHS is the
high speed USB 2.0 module which supports OTG protocol.

There are also several slaves connected with the AHB interconnect matrix, including FMC,
SRAM, AHB1, AHB2, APB1 and APB2. FMC is the bus interface of the flash memory controller.
SRAM is on-chip static random access memories. AHB1 is the AHB bus connected with all of
the AHB slaves except EXMC and SQPI. AHB2 is the AHB bus connected with EXMC and
SQPI. While APB1 and APB2 are the two APB buses connected with all of the APB slaves.
The two APB buses connect with all the APB peripherals. APB1 is limited to 90 MHz, APB2
operates at full speed (up to 180MHz depending on the device).

These are interconnected using a multilayer AHB bus architecture as shown in figure below:
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Figure 1-2. High density devices system architecture
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1.3.

Figure 1-3. Connectivity line devices system architecture
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Memory map

The Arm® Cortex®-M33 processor is structured in Harvard architecture which can use
separate buses to fetch instructions and load / store data. Program memory, data memory,
registers and I/O ports are organized within the same linear 4-Gbyte address space which is

the maximum address range of the Cortex®-M33 since the bus address width is 32-bit.
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Additionally, a pre-defined memory map is provided by the Cortex®-M33 processor to reduce
the software complexity of repeated implementation of different device vendors. In the map,
some regions are used by the Arm® Cortex®-M33 system peripherals which can not be
modified. However, the other regions are available to the vendors. Table 1-2. Memory map
of GD32E51x devices shows the memory map of the GD32E51x devices, including Code,
SRAM, peripheral, and other pre-defined regions. Almost each peripheral is allocated 1KB of

space. This allows simplifying the address decoding for each peripheral.

Table 1-2. Memory map of GD32E51x devices

Pre-defined .
Regions Bus Address Peripherals
0xC000 0000 - OXDFFF FFFF Reserved
External 0xB000 0000 - OXxBFFF FFFF SQPI_PSRAM(MEM)
) 0xA000 1400 - OXAFFF FFFF Reserved
device 0xA000 1000 - 0xA000 13FF SQPI_PSRAM(REG)
AHB3 0xA000 0000 - 0xA000 OFFF EXMC - SWREG
0x9000 0000 - OX9FFF FFFF EXMC - PC CARD
External RAM 0x7000 0000 - Ox8FFF FFFF EXMC - NAND
0x6000 0000 - OX6FFF FFFF EXMC -
NOR/PSRAM/SRAM
0x5000 0000 - 0x5003 FFFF USBHS
0x4008 0400 - Ox4FFF FFFF Reserved
0x4008 0000 - 0x4008 03FF T™MU
0x4004 0000 - 0x4007 FFFF Reserved
0x4002 BCOO - 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF Reserved
0x4002 AOOO - 0x4002 AFFF Reserved
0x4002 8000 - 0x4002 9FFF ENET
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF Reserved
0x4002 6000 - 0x4002 63FF Reserved
Peripheral AHB1 0x4002 5000 - 0x4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF Reserved
0x4002 3C00 - 0x4002 3FFF Reserved
0x4002 3800 - 0x4002 3BFF Reserved
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF Reserved
0x4002 2400 - 0x4002 27FF Reserved
0x4002 2000 - 0x4002 23FF FMC
0x4002 1CO00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
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Pre-defined
Regions Bus Address Peripherals

0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
0x4002 0CO00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF Reserved
0x4002 0400 - 0x4002 O7FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 8400 - 0x4001 FFFF Reserved
0x4001 8000 - 0x4001 83FF SDIO
0x4001 7C00 - 0x4001 7FFF CMP
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF SHRTIMER
0x4001 7000 - 0x4001 73FF USARTS5
0x4001 6CO00 - 0x4001 6FFF Reserved
0x4001 6800 - 0x4001 6BFF Reserved
0x4001 5C00 - 0x4001 67FF Reserved
0x4001 5800 - 0x4001 5BFF Reserved
0x4001 5400 - 0x4001 57FF TIMER10
0x4001 5000 - 0x4001 53FF TIMER9
0x4001 4CO00 - 0x4001 4FFF TIMERS
0x4001 4800 - 0x4001 4BFF TIMER16
0x4001 4400 - 0x4001 47FF TIMER15
0x4001 4000 - 0x4001 43FF TIMER14
0x4001 3CO00 - 0x4001 3FFF ADC2

APB2 0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF TIMER7
0x4001 3000 - 0x4001 33FF SPIO
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF ADC1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF GPIOG
0x4001 1CO00 - 0x4001 1FFF GPIOF
0x4001 1800 - 0x4001 1BFF GPIOE
0x4001 1400 - 0x4001 17FF GPIOD
0x4001 1000 - 0x4001 13FF GPIOC
0x4001 0CO0O0 - 0x4001 OFFF GPIOB
0x4001 0800 - 0x4001 OBFF GPIOA
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 O3FF AFIO
0x4000 D000 - 0x4000 FFFF DAC1

APBL 0x4000 CCO0O0 - 0x4000 CFFF CAN2
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Pre-defined .

Regions Bus Address Peripherals
0x4000 C800 - 0x4000 CBFF CTC
0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF 12C2
0x4000 8CO00 - 0x4000 BFFF Reserved
0x4000 8800 - 0x4000 8BFF CAN2SRAM
0x4000 8400 - 0x4000 87FF USBSRAM_B
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7C00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF DACO
0x4000 7000 - 0x4000 73FF PMU
0x4000 6C00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF CAN1
0x4000 6400 - 0x4000 67FF CANO

0x4000 6000 - 0x4000 63FF

Shared USBD/CAN
SRAM 512 bytes

0x4000 5C00 - 0x4000 5FFF USBD
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4CO00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF 12S2_add
0x4000 3CO00 - 0x4000 3FFF SPI2/12S2
0x4000 3800 - 0x4000 3BFF SPI1/12S51
0x4000 3400 - 0x4000 37FF 12S1_add
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2CO00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1CO00 - 0x4000 1FFF TIMER12
0x4000 1800 - 0x4000 1BFF TIMER11
0x4000 1400 - 0x4000 17FF TIMERG
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0CO00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMERS3
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
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Pre-defined
Regions Bus Address Peripherals
0x2007 0000 - OX3FFF FFFF Reserved
0x2006 0000 - 0x2006 FFFF Reserved
SRAM AHB 0x2003 0000 - 0x2005 FFFF Reserved
0x2002 0000 - 0x2002 FFFF Reserved
0x2000 0000 - 0x2001FFFF SRAM
Ox1FFF F810 - Ox1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option Bytes
Ox1FFF FOOO - Ox1FFF F7FF
Ox1FFF C010 - Ox1FFF EFFF
Ox1FFF CO000 - Ox1FFF COOF Boot loader
Ox1FFF B0OO - OX1FFF BFFF
Ox1FFF 7800 - OX1FFF AFFF Reserved
Ox1FFF 7000 - OX1FFF 77FF OTP
Ox1FFF 0000 - Ox1FFF 6FFF Reserved
Ox1FFE C010 - OX1FFE FFFF Reserved
Code AHB Ox1FFE CO000 - OX1FFE COOF Reserved
0x1001 0000 - OX1FFE BFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x083C 0000 - OXOFFF FFFF Reserved
0x0830 0000 - 0x083B FFFF Reserved
0x0808 0000 - 0x082F FFFF Reserved
0x0800 0000 - 0x0807 FFFF Main Flash
0x0030 0000 - Ox07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF Reserved
0x0008 0000 - 0x000F FFFF Reserved
0x0002 0000 - 0x0007 FFFF Aliased to Main Flash
0x0000 0000 - 0x0001 FFFF or Boot loader
1.3.1. On-chip SRAM memory
The GD32E51x series of devices contain up to 128 KB of on-chip SRAM which starts at the
address 0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) accesses.
1.3.2. On-chip flash memory overview

The devices provide high density on-chip flash memory, which is organized as follows:

B Up to 512KB of main flash memory.
B Up to 18KB of information blocks for the boot loader.
B Option bytes to configure the device.

GD32E513xx microcontrollers where the flash memory density ranges between 256 and 512
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1.4.

1.5.

Kbytes are called High-density devices (GD32E51x_HD).

GD32E517xx and GD32E518xx microcontrollers are called connectivity line devices
(GD32E51x_CL).

Refer to Flash memory controller (FMC) Chapter for more details.

Boot configuration

The GD32E51x devices provide three kinds of boot sources which can be selected by the
BOOTO0 and BOOTL1 pins. The details are shown in the following table. The value on the two
pins is latched on the 4th rising edge of CK_SYS after a reset. It is up to the user to set the
BOOTO0 and BOOT1 pins after a power-on reset or a system reset to select the required boot
source. Once the two pins have been sampled, they are free and can be used for other
purposes.

Table 1-3. Boot modes

Boot mode selection pins
Selected boot source

Bootl Boot0

Main Flash Memory X 0
Boot loader 0 1
On-chip SRAM 1 1

After power-on sequence or a system reset, the Arm® Cortex®-M33 processor fetches the
top-of-stack value from address 0x0000 0000 and the base address of boot code from 0x0000
0004 in sequence. Then, it starts executing code from the base address of boot code.

Due to the selected boot source, either the main flash memory (original memory space
beginning at 0x0800 0000) or the system memory (HD series original memory space
beginning at Ox1FFF E00O, please refer to Table 2-1. GD32E51x HD and GD32E51x CL
base address and size for flash memory for other series addresses) is aliased in the boot
memory space which begins at the address 0x0000 0000. When the on-chip SRAM, whose
memory space is beginning at 0x2000 0000, is selected as the boot source, in the application

initialization code, you have to relocate the vector table in SRAM using the NVIC exception
table and offset register.

The embedded bootloader is located in the system memory, which is used to reprogram the
Flash memory. The boot loader can be activated through the following serial interfaces:
USARTO or USART1 or USB.

Device electronic signature

The device electronic signature contains memory size information and the 96-bit unique
device ID. It is stored in the information block of the Flash memory. The 96-bit unique device
ID is unique for any device. It can be used as serial numbers, or part of security keys, etc.
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1.5.1. Memory density information
Base address: Ox1FFF F7EO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ SRAM_DENSITY[15:0]
r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ FLASH_DENSITY[15:0]
r
Bits Fields Descriptions
31:16 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.
Example: 0x0080 indicates 128 Kbytes.
15:0 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0200 indicates 512 Kbytes.
1.5.2. Unique device ID (96 bits)
Base address: Ox1FFF F7E8
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ UNIQUE_ID[31:16]
r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
‘ UNIQUE_ID[15:0]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[31:0] Unique device ID
Base address: Ox1FFF F7EC
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ UNIQUE_ID[63:48]
r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

UNIQUE_ID[47:32]

r
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Bits Fields Descriptions
31.0 UNIQUE_ID[63:32] Unique device ID
Base address: Ox1FFF F7F0
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ UNIQUE_ID[95:80] |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ UNIQUE_ID[79:64] |
Bits Fields Descriptions
31:0 UNIQUE_ID[95:64]  Unique device ID
1.6. System configuration registers

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CEE ‘ Reserved |
w
Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7 CEE Code execution efficiency
0: Default code execution efficiency
1: Code execution efficiency enhancement
6:0 Reserved Must be kept at reset value.
NOTE:
1. Only bit[7] can be read-modify-write, other bits are not permitted.
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2.

2.1.

2.2.

2.3.

2.3.1.

Flash memory controller (FMC)

Overview

The flash memory controller, FMC, provides all the necessary functions for the on-chip flash
memory. A little waiting time is needed while CPU executes instructions stored from the 512K
bytes of the flash. It also provides page erase, mass erase, and program operations for flash
memory.

Characteristics

Up to 512KB of on-chip flash memory for instruction and data.

0~4 waiting time within 512KB bytes when CPU executes instructions.
Pre-fetch buffer to speed read operations.

I-cache with 2K bytes which organized as 64 cache line of 2 X 128 bits.
D-cache with 256 bytes which organized as 8 cache line of 2 X 128 bits.
The flash page size is 8KB.

Double word programming, page erase and mass erase operation.

2KB OTP(one-time program) block used for user data storage.

16B option bytes block for user application requirements.

Option bytes are uploaded to the option byte control registers when the system is reset.
Flash security protection to prevent illegal code/data access.

Page erase/program protection to prevent unexpected operation.

Function overview

Flash memory architecture

The page size is 8KB. Each page can be erased individually.
The following table shows the details of flash organization.

Table 2-1. GD32E51x_HD and GD32E51x_CL base address and size for flash memory

Block Name Address range Size(bytes)
Page 0 0x0800 0000 - 0x0800 1FFF 8KB
Page 1 0x0800 2000 - 0x0800 3FFF 8KB
Page 2 0x0800 4000 - 0x0800 5FFF 8KB

Main flash block

Page 63 0x0807 EO0O - 0x0807 FFFF 8KB
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Block Name Address range Size(bytes)
Information |GD32E51x_HD Ox1FFF EO00- OX1FFF F7FF 6KB
block GD32E51x_CL Boot loader area Ox1FFF BO0O- OX1FFF F7FF 18KB
Option bytes block Option bytes Ox1FFF F800 - Ox1FFF F80F 16B
One-time program block OTP bytes Ox1FFF_7000~0x1FFF_77FF 2KB
Note: The information block stores the boot loader. This block cannot be programmed or
erased by user.
2.3.2. Error checking and correcting (ECC)

The ECC mechanism supports:

B One error detection and correction
B Two errors detection

When one error is detected and corrected:

B When ECC error occurs, the ECCCOR bit in FMC_ECCCS register will be set. If the
ECCCORIE bit in FMC_ECCCS register is set, an interrupt is generated. The OB_ECC
/ OTP_ECC / SYS ECC / MF_ECC notice the space where error occurred. The
ECCADDR bits notice the offset address in each space. The ECCCOR bit in
FMC_ECCCS register can be cleared by writing 1 to ECCCOR hit.

When two errors are detected:

B When occurred in option bytes (load option bytes to register after reset), the OBECCDET
bit in FMC_ECCCS register will be set. The ECCADDR bits notice the offset address in
option bytes. And the data return all F.

B When occurred in other space including reading option bytes at Ox1FFFF80x, the
ECCDET bit in FMC_ECCCS register will be set. The OB_ECC / OTP_ECC /
SYS_ECC /MF_ECC notice the space where error occurred. The ECCADDR bits notice
the offset address in each space. And the data return all F. The ECCDET bit in
FMC_ECCCS register can be cleared by writing 1 to ECCDET bit.

Note:

1. When ECC function is enabled, data in Flash memory are 72-bits words: 8 bits are added
per double word (64 bits), but the added 8 bits are calculated by hardware and cannot be
accessed by user.

2. For a virgin data OxFF FFFF FFFF FFFF FFFF, ECC is not supported.

3. The OB_ECC / OTP_ECC / SYS _ECC / MF_ECC / ECCADDR notice the first error
occurred in single bit error and double bit errors. If ECCCOR or ECCDET is set, the value will
not be changed even if a new error occurred.

4. When an ECC error is reported, a new read at the error address may not generate an ECC
error if the data is still present in the current buffer / prefetch buffer, even if ECCCOR and
ECCDET bits are cleared.
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2.3.3.

Read operations

The flash can be addressed directly as a common memory space. Any instruction fetch and
the data access from the flash are through the AHB BUS from the CPU.

Wait state added:

The WSCNT bits in the FMC_WS register needs to be configured correctly depend on the
AHB clock frequency when reading the flash memory. The relation between WSCNT and
AHB clock frequency is show as the Table 2-2. The relation between WSCNT and AHB
clock frequency.

Table 2-2. The relation between WSCNT and AHB clock frequency

AHB clock frequency WSCNT configured
<= 36MHz 0 (0 wait state added)
<=72MHz 1 (1 wait state added)
<= 108MHz 2 (2 wait state added)
<= 144MHz 3 (3 wait state added)
<= 180MHz 4 (4 wait state added)

If system reset occurs, the AHB clock frequency is 8MHz and the WSCNT is 0.
Note:

1. If want to increase the AHB clock frequency. First, refer to the correspondence table
between WSCNT bit and AHB clock frequency, configure the WSCNT bits according to the
target AHB clock frequency. Then, increase the AHB clock frequency to the target frequency.
It is forbidden to increase the AHB clock frequency before configure the WSCNT.

2. If want to decrease the AHB clock frequency. First, decrease the AHB clock frequency to
target frequency. Then refer to the correspondence table between WSCNT bit and AHB clock
frequency, configure the WSCNT bits according the target AHB clock frequency. It is
forbidden to configure the WSCNT bits before decrease the AHB clock frequency.

Because the wait state is added, the read efficiency is very low (such as, add 4 wait state
when 180MHz). In order to speed up the read access, there are some functions performed.

Current buffer:

The current buffer is always enabled. Each time read from flash memory, 128-bit data get and
store in current buffer. The CPU only need 32-bit or 16-bit in each read operation. So in the
case of sequential code, the next data can get from current buffer without repeat fetch from
flash memory.

Pre-fetch buffer:
The pre-fetch buffer is enabled by set the PFEN bit in the FMC_WS register. The pre-fetch
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2.3.4.

buffer is only performed only when fetching instructions. In the case of sequential code, when
CPU execute the current buffer data (128-bit), it takes at least 4 clocks for 32-bit operation
and at least 8 clocks for 16-bit operation. In this case, pre-fetch the data of next double-word
address from flash memory and store to pre-fetch buffer. So when the CPU finish the current
buffer and need execute the next data, the pre-fetch buffer hit.

lI-cache:

I-cache is enabled by set the ICEN bit in the FMC_WS register. The I-cache is only used
when fetching instructions. The I-cache have 2K bytes which organized as 64 cache lines,
each cache lines is 2 X 128bits.

If the instructions data is in I-cache (I-cache hit), the CPU read data from I-cache without any
walit state. If the instructions data is not in I-cache (I-cache miss) and not in current buffer/pre-
fetch buffer, the cache line fetch from flash memory and copied to I-cache. If all cache line
filled, LRU (least recently used) policy used to replace the cache line.

D-cache:

D-cache is enabled by set the DCEN bit in the FMC_WS register. The D-cache is only used
when fetching data by CPU (not by DMA). And the option byte is not cacheable. The D- cache
have 256 bytes which organized as 8 cache lines, each cache lines is 2 X 128bits.

If the data is in D-cache (D-cache hit), the CPU read data from D-cache without any wait state.
If the data is not in D-cache (D-cache miss) and not in current buffer, the cache line fetch from
flash memory and copied to D-cache. If all cache line filled, LRU (least recently used) policy
used to replace the cache line.

Unlock the FMC_CTL register

After reset, the FMC_CTL register is not accessible in write mode, and the LK bit in the
FMC_CTL register is reset to 1. An unlocking sequence consists of two write operations to
the FMC_KEY register to open the access to the FMC_CTL register. The two write operations
are writing 0x45670123 and OxCDEF89AB to the FMC_KEY register. After the two write
operations, the LK bit in the FMC_CTL register is reset to 0 by hardware. The software can
lock the FMC_CTL again by setting the LK bit in the FMC_CTL register to 1. Any wrong
operations to the FMC_KEY, will set the LK bit to 1, and lock the FMC_CTL register, and lead
to a bus error.

The OBPG bit and OBER bit in the FMC_CTL are still protected even the FMC_CTL is
unlocked. The unlocking sequence consists of two write operations, which are writing
0x45670123 and OXCDEF89AB to the FMC_OBKEY register. Then the hardware sets the
OBWEN bit in the FMC_CTL register to 1. The software can reset OBWEN bit to O to protect
the OBPG bit and OBER bit in the FMC_CTL register again.

52



Z

GigaDevice

GD32E51x User Manual

2.3.5.

Page erase

The FMC provides a page erase function which is used to initialize the contents of a main
flash memory page to a high state. Each page can be erased independently without affecting
the contents of other pages. The following steps show the access sequence of the registers
for a page erase operation.

B Unlock the FMC_CTL register if necessary.

B Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

B Setthe PER bit in the FMC_CTL register.

Write the page absolute address (0x08XX XXXX) into the FMC_ADDR registers.

B Send the page erase command to the FMC by setting the START bit in the FMC_CTL
register.

B Wait until all the operations have finished by checking the value of the BUSY bit in the
FMC_STAT register.

B Read and verify the page if required.

When the operation is executed successfully, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
Note that a correct target page address must be confirmed. Otherwise, the software may run
out of control if the target erase page is being used to fetch codes or access data. The FMC
will not provide any notification when that happens. Additionally, the page erase operation will
be ignored on erase/program protected pages. In this condition, a flash operation error
interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. The
software can check the WPERR bit in the FMC_STAT register to detect this condition in the
interrupt handler. The following figure shows the page erase operation flow.
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2.3.6.

Figure 2-1. Process of page erase operation
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Mass erase

The FMC provides a complete erase function which is used to initialize the main flash block
contents. This erase can affect entire flash block by setting the MER bit to 1 in the FMC_CTL
register. The following steps show the mass erase register access sequence.

Unlock the FMC_CTL register if necessary.

Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

Set the MER bit in the FMC_CTL register if erase entire flash.

Send the mass erase command to the FMC by setting the START bit in the FMC_CTL
register.

Wait until all the operations have been finished by checking the value of the BUSY bit in
the FMC_STAT register.

Read and verify the flash memory if required.
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When the operation is executed successfully, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
Since all flash data will be modified to a value of OXFFFF_FFFF, the mass erase operation
can be implemented using a program that runs in SRAM or using the debugging tool that
accesses the FMC registers directly. Additionally, the mass erase operation will be ignored if
any page is erase/program protected. In this condition, a flash operation error interrupt will be
triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. The software can check
the WPERR bit in the FMC_STAT register to detect this condition in the interrupt handler.
The following figure indicates the mass erase operation flow.

Figure 2-2. Process of mass erase operation
Start
Is the LK bit is O Unlock the FMC_CTL
Is the BUSY bit is 0
Set the MER bit
v
Send the command to
FMC by set START bit
v
No
Is the BUSY bit is 0
Finish
2.3.7. Main flash programming

The FMC provides a 64-bit double word/32-bit word/16-bit half word programming function
which is used to modify the main flash memory contents. While actually, the data program to
flash memory is 32-bits.
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The following steps show the register access sequence of the programming operation.

B Unlock the FMC_CTL register if necessary.

B Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

B Setthe PG bit in the FMC_CTL register.

B Write the data to be programed with desired absolute address (0X08XX XXXX).
According to 64-bit programming principles, data can be written into flash memory by
using either a 32-bit word twice or a 16-bit half-word four times. The data to be
programed must word alignment.

B Wait until all the operations have been finished by checking the value of the BUSY bit in
the FMC_STAT register.
B Read and verify the flash memory if required.

When the operation is executed successfully, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
Note that there are some program error need caution:

The programming operation checks the address if it has been erased or not. If the address
has not been erased, the PGERR bit in the FMC_STAT register will be set. Each word can
be programmed only one time after erase and before next erase Note that the PG bit must
be set before the programming operation.

Additionally, the program operation will be ignored on erase/program protected pages and
the WPERR bit in the FMC_STAT will be set.

In the following cases, the PGAERR bit in the FMC_STAT register will be set.

- The program use byte write (not 64-bit/32-bit or 16-bit write)
- The program size is not equal previous size. It not allow mix 32-bit with 16-bit write.
- The write is not alignment.

Note: If the program is not write total 64bits, the data is not program to the flash memory
without any notice.

In these conditions, a flash operation error interrupt will be triggered by the FMC if the ERRIE
bit in the FMC_CTL register is set. The software can check the PGERR bit, PGAERR bit or
WPERR bit in the FMC_STAT register to detect which condition occurred in the interrupt
handler. The following figure shows the word programming operation flow.
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Figure 2-3. Process of word program operation
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Note: Reading the flash should be avoided when a program/erase operation is ongoing in the
same bank. And flash memory accesses will fail if the CPU enters the power saving modes.

2.3.8. OTP programming

The OTP programming method is same as the main flash programming. The OTP block can
only be programed once and cannot be erased.

Note: It must ensure the OTP programming sequence completely without any unexpected
interrupt, such as system reset or power down. If unexpected interrupt occurs, there is very
little probability of corrupt the data stored in flash memory.

2.3.9. Option bytes erase

The FMC provides an erase function which is used to initialize the option bytes block in flash.
The following steps show the erase sequence.

B Unlock the FMC_CTL register if necessary.
B Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation

is in progress (BUSY equal to 0). Otherwise, wait until the operation has finished.
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B Unlock the option bytes operation bits in the FMC_CTL register if necessary.
B Wait until the OBWEN bit is set in the FMC_CTL register.
B Setthe OBER bit in the FMC_CTL register.
B Send the option bytes erase command to the FMC by setting the START bit in the
FMC_CTL register.
B Wait until all the operations have been finished by checking the value of the BUSY bit in
the FMC_STAT register.
B Read and verify the flash memory if required.
When the operation is executed successful, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
2.3.10. Option bytes programming
The FMC provides an erase / program function which is used to modify the option bytes block
in flash. There are 8 pairs of option bytes. The MSB is the complement of the LSB in each
pair. When the option bytes are modified, the MSB is generated by FMC automatically, not
the value of input data. The following steps show the erase sequence.
B Unlock the FMC_CTL register if necessary.
B Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.
B Unlock the option bytes operation bits in the FMC_CTL register if necessary.
B Wait until the OBWEN bit is set in the FMC_CTL register.
B Setthe OBPG bit in the FMC_CTL register.
B A 64-bit double word write at desired address. The write method is similar to main flash
programming.
B Wait until all the operations have been finished by checking the value of the BUSY bit in
the FMC_STAT register.
B Read and verify the flash memory if required access.
When the operation is executed successfully, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
Note that there programming errors may occur. The PGERR bit and PGAERR bit can be set
which is similar to main flash programming.
The modified option bytes only take effect after a system reset.
2.3.11. Option bytes description

The option bytes block is reloaded to the FMC_OBSTAT and FMC_WP registers after each
system reset, then the option bytes take effect. The complement option bytes are the opposite
of the option bytes. When reload the option bytes, if the complement option byte and option
byte do not match, the OBERR bit in the FMC_OBSTAT register will be set, and the option
byte will be set to OxFF. The OBERR bit will not be set if both the option bytes and its

complement bytes are OxFF.The following table shows the detail of option bytes.
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Table 2-3. Option bytes

Address Name Description
option bytes security protection value
Ox1fff 800 spcC 0xA5 : no security protection
any value except OxA5 or OxCC : protection level low
0xCC : protection level high
Ox1fff f801 SPC_N SPC complement value
[7:6]: BOR_TH (Brown out reset threshold)
00: BOR Level 3, brownout threshold level 3
01: BOR Level 2, brownout threshold level 2
10: BOR Level 1, brownout threshold level 1
11: BOR off
[5:3]: reserved
[2]: NRST_STDBY
Ox1fff f802 USER 0: generate a reset instead of entering standby mode
1: no reset when entering standby mode
[1]: NRST_DPSLP
0: generate a reset instead of entering deep-sleep mode
1: no reset when entering deep-sleep mode
[0]: \WDG_HW
0: hardware free watchdog
1: software free watchdog
Ox1fff f803 USER_N USER complement value
Ox1fff f804 DATA[7:0] user defined data bit 7 to 0
Ox1fff f805 DATA_N[7:0] DATA complement value bit 7 to 0
Ox1fff f806 DATA[15:8] user defined data bit 15 to 8
Ox1fff f807 DATA_NJ[15:8] DATA complement value bit 15 to 8
Page erase/program protection bit 7 to 0
Ox1fff f808 WP[7:0] 0: protection active
1: unprotected
Ox1fff f809 WP_NI7:0] WP complement value bit 7 to 0
0x1fff f80a WP[15:8] Page erase/program protection bit 15 to 8
0x1fff f80b WP_N[15:8] WP complement value bit 15 to 8
0x1fff f80c WP[23:16] Page erase/program protection bit 23 to 16
Ox1fff f80d WP_N[23:16] WP complement value bit 23 to 16
Page erase/program protection bit 31 to 24
WP[30:24]: Each bit is related to 8KB flash protection.
Ox1fff f80e WP[31:24] These bits totally controls the first 248KB flash protection.
WP[31]: Bit 31 controls the protection of the rest flash
memory.
Ox1fff f80f WP_N[31:24] WP complement value bit 31 to 24
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2.3.12. Page erase / program protection
The FMC provides page erase/program protection functions to prevent inadvertent operations
on the flash memory. The page erase or program will not be accepted by the FMC on
protected pages. If the page erase or program command is sent to the FMC on a protected
page, the WPERR bit in the FMC_STAT register will be set by the FMC. If the WPERR bit is
set and the ERRIE bit is also set to 1 to enable the corresponding interrupt, then the flash
operation error interrupt will be triggered by the FMC to draw the attention of the CPU. The
page protection function can be individually enabled by configuring the WP [31:0] bit field to
0 in the option bytes. If a page erase operation is executed on the option bytes block, all the
flash Memory page protection functions will be disabled. When WP in the option bytes is
modified, then a system reset is necessary.
Table 2-4. OB_WP bit for pages protected
OB_WP bit pages protected
OB_WPJ0] page O
OB_WPI1] page 1
OB_WPI[2] page 2
OB_WPJ[30] page 30
OB_WPJ[31] page 31 ~ page 63
2.3.13. Security protection

The FMC provides a security protection function to prevent illegal code/data access to the
flash memory. This function is useful for protecting the software/firmware from illegal users.

No protection: when setting SPC byte and its complement value to 0xX5AA5, no protection
performed. The main flash and option bytes block are accessible by all operations.

Protection level low: when setting SPC byte value to any value except 0xA5 or OxCC, the low
security protection is performed. Note that a power reset should be followed instead of a
system reset if the SPC modification has been performed while the debug module is still
connected to JTAG/SWD device. Under the low security protection, the main flash can only
be accessed by user code and the first 8KB flash is under erase/program protection. In debug
mode, boot from SRAM or boot loader mode, all operations to main flash is forbidden. If a
read operation to main flash in debug mode, boot from SRAM or boot loader mode, a bus
error will be generated. If a program/erase operation to main flash in debug mode, boot from
SRAM or boot from boot loader mode, the WPERR bit in the FMC_STAT register will be set.
Option bytes block are accessible by all operations, which can be used to disable the security
protection. Back to no protection level by setting SPC byte and its complement value to
0x5AA5, then a mass erase for main flash will be performed.

60



Z

GigaDevice GD32E51x User Manual

Protection level high: when setting SPC byte to 0xCC, protection level high performed. When
this level is programmed, debug mode, boot from SRAM or boot from boot loader mode are
disabled. The main flash block is accessible by all operations from user code. The SPC byte
cannot be reprogrammed. So, if protection level high is programmed, it cannot move back to
protection level low or no protection level.
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2.4. Register definition
FMC base address: 0x4002 2000
2.4.1. Wait state register (FMC_WS)
Address offset: 0x00
Reset value: 0x0000 0630
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | DCRST ‘ ICRST ‘ DCEN ‘ ICEN ‘ Reserved ‘ PFEN | Reserved WSCNTI[2:0]
w w w w w w
Bits Fields Descriptions
31:13 Reserved Must be kept at reset value.
12 DCRST D-cache reset. This bit can be write only when DCEN is set to 0.
0: No effect
1: D-cache reset
11 ICRST I-cache reset. This bit can be write only when ICEN is set to 0.
0: No effect
1: I-cache reset
10 DCEN D-cache enable
0: D-cache disable
1: D-cache enable
9 ICEN I-cache enable
0: I-cache disable
1: I-cache enable
8.5 Reserved Must be kept at reset value.
4 PFEN Pre-fetch enable
0: Pre-fetch disable
1: Pre-fetch enable
3 Reserved Must be kept at reset value.
2:0 WSCNT[2:0] Wait state counter register

These bits is set and reset by software.
000: 0 wait state added
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001: 1 wait state added
010: 2 wait state added
011: 3 wait state added
100: 4 wait state added
101 ~111: reserved
2.4.2. Unlock key register (FMC_KEY)
Address offset: 0x04
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ KEY[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ KEY[15:0]
w
Bits Fields Descriptions
31:.0 KEY[31:0] FMC_CTL unlock register
These bits are only be written by software.
Write KEY[31:0] with keys to unlock FMC_CTL register.
2.4.3. Option byte unlock key register (FMC_OBKEY)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OBKEY[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OBKEY[15:0]
Bits Fields Descriptions
31.0 OBKEY[31:0] FMC_CTL option bytes operation unlock register

These bits are only be written by software.

Write OBKEY[31:0] with keys to unlock option bytes command in the FMC_CTL

register.
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2.4.4. Status register (FMC_STAT)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | ENDF ‘ WPERR IPGAERR‘ PGERR |[Reserved| BUSY |
rc_wl rc_wil rc_wl rc_wl r
Bits Fields Descriptions
316 Reserved Must be kept at reset value.
5 ENDF End of operation flag bit

When the operation executed successfully, this bit is set by hardware. The software
can clear it by writing 1.

4 WPERR Erase/Program protection error flag bit
When erase/program on protected pages, this bit is set by hardware. The software
can clear it by writing 1.

3 PGAERR Program alignment error flag bit
This bit is set by hardware when write data is not alignment. The software can clear
it by writing 1.

2 PGERR Program error flag bit

When program to the flash while it is not OXFFFF, this bit is set by hardware. The

software can clear it by writing 1.
1 Reserved Must be kept at reset value.

0 BUSY The flash is busy bit
When the operation is in progress, this bit is set to 1. When the operation is end or
an error is generated, this bit is cleared to 0.

2.4.5. Control register (FMC_CTL)

Address offset: 0x10
Reset value: 0x0000 0080

This register has to be accessed by word (32-bit).

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

Reserved
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15 14 13 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ ENDIE ERRIE ‘ OBWEN | Reserved LK ‘ START ‘ OBER ‘ OBPG |Reserved MER ‘ PER ‘ PG |
I\ I\ rs rs I\ rw w rw w
Bits Fields Descriptions
31:13 Reserved Must be kept at reset value.
12 ENDIE End of operation interrupt enable bit
This bit is set or cleared by software
0: no interrupt generated by hardware.
1: end of operation interrupt enable
11 Reserved Must be kept at reset value.
10 ERRIE Error interrupt enable bit
This bit is set or cleared by software
0: no interrupt generated by hardware.
1: error interrupt enable
9 OBWEN Option byte erase/program enable bit
This bit is set by hardware when right sequence written to the FMC_OBKEY
register. This bit can be cleared by software.
8 Reserved Must be kept at reset value.
7 LK FMC_CTL lock bit
This bit is cleared by hardware when right sequence written to the FMC_KEY
register. This bit can be set by software.
6 START Send erase command to FMC bit
This bit is set by software to send erase command to FMC.
This bit is cleared by hardware when the BUSY bit is cleared.
5 OBER Option bytes erase command bit
This bit is set or clear by software
0: no effect
1: option byte erase command
4 OBPG Option bytes program command bit
This bit is set or clear by software
0: no effect
1: option bytes program command
3 Reserved Must be kept at reset value.
2 MER Main flash mass erase command bit

This bit is set or cleared by software

0: no effect
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1: main flash mass erase command
1 PER Main flash page erase command bit
This bit is set or clear by software
0: no effect
1: main flash page erase command
0 PG Main flash program command bit
This bit is set or clear by software
0: no effect
1: main flash program command
Note: This register should be reset after the corresponding flash operation completed.
2.4.6. Address register (FMC_ADDR)
Address offset: 0x14
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ ADDR[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ADDRI[15:0]
w
Bits Fields Descriptions
31.0 ADDRJ[31:0] Flash erase/program command address bits
These bits are configured by software.
ADDR bits are the address of flash to be erased/programmed.
2.4.7. ECC control and status register (FMC_ECCCS)
Address offset: 0x18
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ECCADDRJ[15:0]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ECCCOR | ECCDETI OBECCD
Reserved OB_ECC |OTP_ECC| MF_ECC |SYS_ECC| ECCDET | ECCCOR
IE E ET
w w rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl
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Bits Field Descriptions
31:16 ECCADDRJ[15:0] The offset address of double word where an ECC error is detected.
Error address = base address + ECCADDR[15:0] * 8, the base address can be the
start address of main Flash, system area, option bytes and OTP.
Main flash: 0 ~ OX3FFF (128K/8 - 1)
Option bytes: 0 ~ 0x01 (16/8 -1)
OTP: 0 ~ 0x3F (512/8 -1)
System memory: 0 ~ Ox4FF (10K/8 - 1)
15 ECCCORIE One bit error correct interrupt enable.
0: One bit error correct interrupt disable.
1: One bit error correct interrupt enable.
14 ECCDETIE Two bits errors detect interrupt enable.
0: Two bits errors detect interrupt disable.
1: Two bits errors detect interrupt enable.
13:7 Reserved Must be kept at reset value.
6 OBECCDET Option bytes two bits errors detect flag.
This bit is set when an ECC error occurs when loading option bytes to register after
reset. This bit is cleared by writing 1.
0: Two ECC errors of option bytes are not detected.
1: Two ECC errors of option bytes are detected.
5 OB_ECC If an ECC bit error is detected in reading option bytes, this bit will be set. And the
ECCADDR records the offset address of option bytes. ECCDET bit and ECCCOR
bit indicate there is a one bit error or a two bits error. This bit is cleared by writing 1.
This bit is cleared by writing 1.
0: No ECC error is detected in reading option bytes.
1: An ECC bit error is detected in reading option bytes.
4 OTP_ECC If an ECC bit error is detected in OTP, this bit will be set. And the ECCADDR records
the offset address of OTP. ECCDET bit and ECCCOR bit indicate there is a one bit
error or a two bits error. This bit is cleared by writing 1.
0: No ECC error is detected in OTP.
1: An ECC bit error is detected in OTP.
3 MF_ECC If an ECC bit error is detected in main Flash, this bit will be set. And the ECCADDR
records the offset address of main Flash. ECCDET bit and ECCCOR bit indicate
there is a one bit error or a two bits error. This bit is cleared by writing 1.
0: No ECC error is detected in main Flash.
1: An ECC bit error is detected in main Flash.
2 SYS_ECC If an ECC bit error is detected in system memory, this bit will be set. And the

ECCADDR records the offset address of system memory. ECCDET bit and

ECCCOR bhit indicate there is a one bit error or a two bits error. This bit is cleared
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by writing 1.
0: No ECC error is detected in system memory.
1: An ECC bit error is detected in system memory.
1 ECCDET Two bits errors detect flag. This bit set when two bits errors is detected.
This bit is cleared by writing 1.
0: Two ECC errors are not detected.
1: Two ECC errors are detected.
0 ECCCOR One bit error detected and correct flag.
This bit is cleared by writing 1.
0: No ECC error is detected and corrected.
1: An ECC error is detected and corrected.
2.4.8. Option byte status register (FMC_OBSTAT)
Address offset: 0x1C
Reset value: OXOXXX XXXX.
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ DATA[15:6] |
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA[5:0] ‘ USER[7:0] ’ SPC ‘ OBERR |
r r r r
Bits Fields Descriptions
31:26 Reserved Must be kept at reset value.
25:10 DATA[15:0] Store DATA[15:0] of option bytes block after system reset.
9:2 USER[7:0] Store USER of option bytes block after system reset.
1 SPC Option bytes security protection code
0: no protection
1: protection
0 OBERR Option bytes read error bit.
This bit is set by hardware when the option bytes and its complement byte do not
match, then the option bytes is set to OxFF.
2.4.9. Erase/Program protection register (FMC_WP)

Address offset: 0x20
Reset value: OxXXXX XXXX

68



Z

GigaDevice GD32E51x User Manual

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ WP[31:16] |
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ WP[15:0] |
r
Bits Fields Descriptions
31.0 WP[31:0] Store WP[31:0] of option bytes block after system reset

2.4.10. Product ID register (FMC_PID)

Address offset: 0x100
Reset value: OxXXXXX XXXX

This register has to be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PID[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PID[15:0] ‘
r
Bits Field Descriptions
31:0 PID[31:0] Product reserved ID code register

These bits are read only by software.
These bits are unchanged constant after power on. These bits are one time program

when the chip produced.
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3.

3.1.

3.2.

3.3.

3.3.1.

3.3.2.

Backup registers (BKP)

Overview

The Backup registers are located in the Backup domain that remains powered-on by Vear
even if Vop power is shut down, they are forty two 16-bit (84 bytes) registers for data protection
of user application data, and the wake-up action from Standby mode or system reset do not
affect these registers.

In addition, the BKP registers can be used to implement the tamper detection and RTC
calibration function.

After reset, any writing access to the registers in Backup domain is disabled, that is, the
Backup registers and RTC cannot be written to access. In order to enable access to the
Backup registers and RTC, the Power and Backup interface clocks should be enabled firstly
by setting the PMUEN and BKPIEN bits in the RCU_APB1EN register, and writing access to
the registers in Backup domain should be enabled by setting the BKPWEN bit in the
PMU_CTL register.

Characteristics

B 84 bytes Backup registers which can keep data under power saving mode. If tamper
event is detected, Backup registers will be reset.

B The active level of Tamper source (PC13) can be configured.

B RTC Clock Calibration register provides RTC alarm and second output selection, and
sets the calibration value.

B Tamper control and status register (BKP_TPCS) can control tamper detection with
interrupt or event capability.

Function overview

RTC clock calibration

In order to improve the RTC clock accuracy, the MCU provides the RTC output for calibration
function. The RTC clock, or a clock with the frequency is frrcck/64, can be output on the
PC13. It is enabled by setting the COEN bit in the BKP_OCTL register.

The calibration value is set by RCCV[6:0] in the BKP_OCTL register, and the calibration
function can slow down the RTC clock by steps of 1000000/2"20 ppm.
Tamper detection

In order to protect the important user data, the MCU provides the tamper detection function,
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and it can be independently enabled on TAMPER pin by setting corresponding TPEN bit in
the BKP_TPCTL register. To prevent the tamper event from losing, the edge detection is
logically ANDed with the TPEN bit, used for tamper detection signal. So the tamper detection
configuration should be set before enable TAMPER pin. When the tamper event is detected,
the corresponding TEF bit in the BKP_TPCS register will be set. Tamper event can generate
an interrupt if tamper interrupt is enabled. Any tamper event will reset all Backup data registers.

Note: When TPAL=0/1, if the TAMPER pin is already high/low before it is enabled(by setting
TPEN bit), an extra tamper event is detected, while there was no rising/falling edge on the
TAMPER pin after TPEN bit was set.
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3.4. Register definition
BKP base address: 0x4000 6C00
3.4.1. Backup data register x (BKP_DATAX) (x= 0..41)
Address offset: 0x04 to 0x28, 0x40 to OxBC
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 0
DATA [15:0]
Bits Fields Descriptions
15:0 DATA[15:0] Backup data
These bits are used for general purpose data storage. The contents of the
BKP_DATAX register will remain even if the wake-up action from Standby mode or
system reset or power reset.
3.4.2. RTC signal output control register (BKP_OCTL)
Address offset: 0x2C
Reset value: 0x0000
This register can be accessed by half-word(16-bit) or word(32-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 0
‘CALDIR ICCOSELI Reserved ‘ ROSEL ‘ ASOEN ‘ COEN ‘ RCCV[6:0]
Bits Fields Descriptions
15 CALDIR RTC clock calibration direction
0: Slowed down
1: Speed up
This bit is reset only by a Backup domain reset.
14 CCOSEL RTC clock output selection
0: RTC clock div 64
1: RTC clock
This bit is reset only by a POR.
13:10 Reserved Must be kept at reset value.
9 ROSEL RTC output selection

0: RTC alarm pulse is selected as the RTC output
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1: RTC second pulse is selected as the RTC output

This bit is reset only by a Backup domain reset.

8 ASOEN RTC alarm or second signal output enable
0: Disable RTC alarm or second output
1: Enable RTC alarm or second output
When enable, the TAMPER pin will output the RTC output.

This bit is reset only by a Backup domain reset.

7 COEN RTC clock calibration output enable
0: Disable RTC clock calibration output
1: Enable RTC clock Calibration output
When enable, the TAMPER pin will output the RTC clock or RTC clock divided by
64. ASOEN has the priority over COEN. When ASOEN is set, the TAMPER pin will
output the RTC alarm or second signal whether COEN is set or not.
This bit is reset only by a POR.

6:0 RCCV[6:0] RTC clock calibration value
The value indicates how many clock pulses are ignored or added every 220 RTC
clock pulses.
This bit is reset only by a Backup domain reset.

3.4.3. Tamper pin control register (BKP_TPCTL)

Address offset: 0x30
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ TPAL | TPEN |
w w
Bits Fields Descriptions
15:2 Reserved Must be kept at reset value.
1 TPAL TAMPER pin active level

0: The TAMPER pin is active high
1: The TAMPER pin is active low

0 TPEN TAMPER detection enable
0: The TAMPER pin is free for GPIO functions
1: The TAMPER pin is dedicated for the Backup Reset function. The active level on
the TAMPER pin resets all data of the BKP_DATAX register.
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3.4.4. Tamper control and status register (BKP_TPCS)

Address offset: 0x34
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved | TIF ‘ TEF ‘ Reserved ‘ TPIE | TIR ‘ TER ‘
r r w w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9 TIF Tamper interrupt flag

0: No tamper interrupt occurred
1: A tamper interrupt occurred
This bit is reset by writing 1 to the TIR bit or the TPIE bit being 0.

8 TEF Tamper event flag
0: No tamper event occurred
1: A tamper event occurred
This bit is reset by writing 1 to the TER bit.

7:3 Reserved Must be kept at reset value

2 TPIE Tamper interrupt enable
0: Disable the tamper interrupt
1: Enable the tamper interrupt
This bit is reset only by a system reset and wake-up from Standby mode.

1 TIR Tamper interrupt reset
0: No effect
1: Reset the TIF bit

This bit is always read as 0.

0 TER Tamper event reset
0: No effect
1: Reset the TEF bit
This bit is always read as 0.
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4.

4.1.

4.2.

4.3.

Power management unit (PMU)

Overview

The power consumption is regarded as one of the most important issues for the devices of
GD32E51x series. According to the Power management unit (PMU), provides five types of
power saving modes, including Sleep, Deep-sleep, Deep-sleep 1, Deep-sleep 2 and Standby
mode. These modes reduce the power consumption and allow the application to achieve the
best tradeoff among the conflicting demands of CPU operating time, speed and power
consumption. For GD32E51x devices, there are three power domains, including Vop / Vbpa
domain, 1.1V domain, and Backup domain, as is shown in Figure 4-1. Power supply

overview. The power of the Voo domain is supplied directly by Vop. An embedded LDO in the
Voo / Vooadomain is used to supply the 1.1V domain power. A power switch is implemented
for the Backup domain. It can be powered from the Vsar voltage when the main Voo supply is
shut down.

Characteristics

B Three power domains: Veak, Voo / Vooaand 1.1V power domains.

B Five power saving modes: Sleep, Deep-sleep, Deep-sleep 1, Deep-sleep 2 and Standby
modes.

B Internal Voltage regulator (LDO) supplies around 1.1V voltage source for 1.1V domain.

B Low Voltage Detector can issue an interrupt or event when the power is lower than a
programmed threshold.

B Battery power (Vsar) for Backup domain when Vop is shut down.

LDO output voltage select for power saving.

B Ultra power saving for low-driver mode in Deep-sleep / Deep-sleep 1 / Deep-sleep 2
mode. And high-driver mode for high frequency.

Function overview

Figure 4-1. Power supply overview provides details on the internal configuration of the PMU

and the relevant power domains.
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Figure 4-1. Power supply overview
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4.3.1. Backup domain

The Backup domain is powered by the Voo or the battery power source (Vsar) selected by the
internal power switch, and the Vsak pin which drives Backup Domain, power supply for RTC
unit, LXTAL oscillator, BPOR and BREG, and three pads, including PC13 to PC15. In order
to ensure the content of the Backup domain registers and the RTC supply, when Vop supply
is shut down, Vear pin can be connected to an optional standby voltage supplied by a battery
or by another source. The power switch is controlled by the Power Down Reset circuit in the
Vop / Vooa domain. If no external battery is used in the application, it is recommended to
connect Vear pin externally to Voo pin with a 100nF external ceramic decoupling capacitor.

The Backup domain reset sources includes the Backup domain power-on-reset (BPOR) and
the Backup Domain software reset. The BPOR signal forces the device to stay in the reset
mode until Veak is completely powered up. Also the application software can trigger the
Backup domain software reset by setting the BKPRST bitin the RCU_BDCTL register to reset
the Backup domain.

The clock source of the Real Time Clock (RTC) circuit can be derived from the Internal 40KHz
RC oscillator (IRC40K) or the Low Speed Crystal oscillator (LXTAL), or HXTAL clock divided
by 128. When Vob is shut down, only LXTAL is valid for RTC. Before entering the power saving
mode by executing the WFI / WFE instruction, the Cortex®-M33 can setup the RTC register
with an expected alarm time and enable the alarm function and according EXTI lines to
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4.3.2.

achieve the RTC alarm event. After entering the power saving mode for a certain amount of
time, the RTC alarm will wake up the device when the time match event occurs. The details
of the RTC configuration and operation will be described in the Real-time clock (RTC).

When the Backup domain is supplied by Vop (Veak pin is connected to Vop), the following
functions are available:

B PCl3canbe used as GPIO or RTC function pin described in the Real-time clock (RTC).
B PC14 and PC15 can be used as either GPIO or LXTAL Crystal oscillator pins.

When the Backup domain is supplied by Vear (Veak pin is connected to Vsar), the following
functions are available:

B PC13 can be used as RTC function pin described in the Real-time clock (RTC).
B PC14 and PC15 can be used as LXTAL Crystal oscillator pins only.

Note: Since PC13, PC14, PC15 are supplied through the Power Switch, which can only be
obtained by a small current, the speed of GPIOs PC13 to PC15 should not exceed 2MHz
when they are in output mode (maximum load: 30pF).

Vob / Vbba power domain

Vop / Vopa domain includes two parts: Voo domain and Vopba domain. Vpp domain includes
HXTAL (high speed crystal oscillator), LDO (voltage regulator), FWDGT (free watchdog timer),
all pads except PC13 / PC14 / PC15, etc. Vbba domain includes POR/PDR (power on / down
reset), ADC / DAC (AD / DA Converter), CMP (Comparator), IRC8M (internal 8MHz RC
oscillator), IRC48M (internal 48MHz RC oscillator), IRC40K (internal 40KHz RC oscillator),
PLLs (phase locking loop), LVD (low voltage detector), etc.

Vpp domain

The LDO, which is implemented to supply power for the 1.1V domain, is always enabled after
reset. It can be configured to operate in three different status, including in the Sleep mode
(full power on), in the Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode (on or low power), and
in the Standby mode (power off).

The BOR circuit is used to detect Vop and generate the power reset signal which resets the
whole chip except the Backup domain when the BOR_TH bits in option bytes is not Ob11 and
the supply voltage is lower than the specified threshold which defined in the BOR_TH bits in
option bytes. Notice that the POR/PDR circuit is always implemented regardless of BOR_TH
bits in option bytes is Ob11 or not. Figure 4-2. Waveform of the BOR shows the relationship

between the supply voltage and the BOR reset signal. Vsor, which defined in the BOR_TH
bits in option bytes, indicates the threshold of BOR on reset. Refer to the datasheet for
the hysteresis voltage (Vhyst) value.
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Figure 4-2. Waveform of the BOR
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Vppa domain

The POR / PDR circuit is implemented to detect Vooa and generate the power reset signal
which resets the whole chip except the Backup domain when the supply voltage is lower than
the specified threshold._Figure 4-3. Waveform of the POR / PDR shows the relationship
between the supply voltage and the power reset signal. Vpror, indicates the threshold of power

on reset, while Vepor, means the threshold of power down reset. Refer to the datasheet for
the hysteresis voltage (Vhyst) value.

Figure 4-3. Waveform of the POR / PDR
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The LVD is used to detect whether the Vppa supply voltage is lower than a programmed
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threshold selected by the LVDT[2:0] bits in the Power control register(PMU_CTLO). The LVD
is enabled by setting the LVDEN bit, and LVDF bit, which in the Power status
register(PMU_CSQ0), indicates if Vbpa is higher or lower than the LVD threshold. This event is
internally connected to the EXTI line 16 and can generate an interrupt if it is enabled through
the EXTI registers. Fiqure 4-4. Waveform of the LVD threshold shows the relationship
between the LVD threshold and the LVD output (LVD interrupt signal depends on EXTI line
16 rising or falling edge configuration). The following figure shows the relationship between
the supply voltage and the LVD signal. Refer to the datasheet for the hysteresis voltage (Vhyst)
value.

Figure 4-4. Waveform of the LVD threshold

LVD
threshold

\

LVDoutput ——————————— [~ """ T T T T T T T T oo oo

Generally, digital circuits are powered by Vob, while most of analog circuits are powered by
Vopa. To improve the ADC and DAC conversion accuracy, the independent power supply Vopa
is implemented to achieve better performance of analog circuits. Vopoa can be externally
connected to Vob through the external filtering circuit that avoids noise on Vopa, and Vssa
should be connected to Vss through the specific circuit independently. Otherwise, when the
Vop and Vopa are provided by different power supplies, the difference between Voo and Vbpa
during power-up and running time should not exceed 0.3V.

To ensure a high accuracy on ADC and DAC, the ADC / DAC independent external reference
voltage should be connected to Vrer+ / VRrer- pins. According to the different packages, Vrer+
pin can be connected to Vopa pin, or external reference voltage which refers to Table 13-2.
ADC input _pins_definition and Table 14-1. DAC /O description. VRrer- pin must be
connected to Vssa pin. The Vrer+ pin is only available on no less than 100-pin packages, or

else the Vger+ pin is not available and internally connected to Vopa. The Vger- pin is only
available on no less than 100-pin packages, or else the Vrer-pin is not available and internally
connected to Vssa.
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4.3.3.

4.3.4.

1.1V power domain

The main functions that include Cortex®-M33 logic, AHB/APB peripherals, the APB interfaces
for the Backup domain and the Vboo/Vbba domain, etc, are located in this power domain. Once
the 1.1V is powered up, the POR will generate a reset sequence on the 1.1V power domain.
If need to enter the expected power saving mode, the associated control bits must be
configured. Then, once a WFI (Wait for Interrupt) or WFE (Wait for Event) instruction is
executed, the device will enter an expected power saving mode which will be discussed in
the following section.

High-driver mode

If the 1.1V power domain runs with high frequency and opens many functions, it is
recommended to enter high-driver mode. The following steps are needed when using high-
driver mode.

IRC8M or HXTAL selected as system clock.

Set HDEN bit in PMU_CTLO register to 1 to open high-driver mode.

Wait HDRF bit be set to 1 in PMU_CSO register.

Set HDS bit in PMU_CTLO register to 1 to switch LDO to high-driver mode.
Wait HDSRF bit be set to 1 in PMU_CSO register. And enter high-driver mode.
Running the application at high frequency.

The high-driver mode exit by resetting HDEN and HDS bits in PMU_CTLO register after
IRC8M or HXTAL selected as system clock. The high-driver mode exit automaticly when
exiting from Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode.

Power saving modes

After a system reset or a power reset, the GD32E51x MCU operates at full function and all
power domains are active. Users can achieve lower power consumption through slowing
down the system clocks (HCLK, PCLK1, and PCLK2) or gating the clocks of the unused
peripherals. Besides, five power saving modes are provided to achieve even lower power
consumption, they are Sleep mode, Deep-sleep mode, Deep-sleep 1 mode, Deep-sleep 2
mode and Standby mode.

Sleep mode

The Sleep mode is corresponding to the SLEEPING mode of the Cortex®-M33. In Sleep mode,
only clock of Cortex®-M33 is off. To enter the Sleep mode, it is only necessary to clear the
SLEEPDEEP bit in the Cortex®-M33 System Control Register, and execute a WFI or WFE
instruction. If the Sleep mode is entered by executing a WFI instruction, any interrupt can
wake up the system. If it is entered by executing a WFE instruction, any wakeup event can
wake up the system (If SEVONPEND is 1, any interrupt can wake up the system, refer to
Cortex®-M33 Technical Reference Manual). The mode offers the lowest wakeup time as no
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time is wasted in interrupt entry or exit.

According to the SLEEPONEXIT bit in the Cortex®-M33 System Control Register, there are
two options to select the Sleep mode entry mechanism.

B Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as
WEFI or WFE instruction is executed.

B Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as it
exits from the lowest priority ISR.

Deep-sleep mode

The Deep-sleep mode is based on the SLEEPDEEP mode of the Cortex®-M33. In Deep-sleep
mode, all clocks in the 1.1V domain are off, and all of IRC8M, IRC48M, HXTAL and PLLs are
disabled. The contents of SRAM and registers are preserved. The LDO can operate normally
or in low power mode depending on the LDOLP bitin the PMU_CTLO register. Before entering
the Deep-sleep mode, it is necessary to set the SLEEPDEEP bit in the Cortex®-M33 System
Control Register, and clear the STBMOD bit in the PMU_CTLO register. Then, the device
enters the Deep-sleep mode after a WFI or WFE instruction is executed. If the Deep-sleep
mode is entered by executing a WFI instruction, any interrupt from EXTI lines can wake up
the system. If it is entered by executing a WFE instruction, any wakeup event from EXTI lines
can wake up the system (If SEVONPEND is 1, any interrupt from EXT]I lines can wake up the
system, refer to Cortex®-M33 Technical Reference Manual). When exiting the Deep-sleep
mode, the IRC8M is selected as the system clock. Notice that an additional wakeup delay will
be incurred if the LDO operates in low power mode.

The low-driver mode in Deep-sleep mode can be entered by configuring the LDEN, LDNP,
LDLP, LDOLP bits in the PMU_CTLO register. The low-driver mode provides lower drive
capability, and the low-power mode take lower power.

Normal-driver / Normal-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 00 in the PMU_CTLO register, and not in low-power mode depending on the LDOLP
bit reset in the PMU_CTLDO register.

Normal-driver / Low-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 00 in the PMU_CTLO register. The low-power mode enters depending on the LDOLP
bit set in the PMU_CTLDO register.

Low-driver / Normal-power: The low-driver mode in Deep-sleep mode when the LDO in
normal-power mode depending on the LDOLP bit reset in the PMU_CTLO register enters by
configure LDEN to Ob11 and LDNP to 1 in the PMU_CTLO register.

Low-driver / Low-power: The low-driver mode in Deep-sleep mode when the LDO in low-
power mode depending on the LDOLP bit set in the PMU_CTLO register enters by configure
LDEN to Ob11 and LDLP to 1 in the PMU_CTLO register.

No Low-driver: The Deep-sleep mode is not in low-driver mode by configure LDEN to 00 in
the PMU_CTLO register.
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Note: In order to enter Deep-sleep mode smoothly, all EXTI line pending status (in the
EXTI_PD register) and related peripheral flags must be reset, refer to Table 7-3. EXTI source.

If not, the program will skip the entry process of Deep-sleep mode to continue to execute the
following procedure.

Deep-sleep 1 mode

The Deep-sleep 1 mode is based on the SLEEPDEEP mode of the Cortex®-M33. In Deep-
sleep 1 mode, all clocks in the 1.1V domain are off, and all of IRC8M, IRC48M, HXTAL and
PLLs are disabled. The power of COREOFF1 domain is cut off. The contents of registers in
COREOFF1 domain are lost. The LDO can operate normally or in low power mode depending
on the LDOLP bit in the PMU_CTLO register. Before entering the Deep-sleep 1 mode, it is
necessary to set the SLEEPDEEP bit in the Cortex®-M33 System Control Register, clear the
STBMOD bit in the PMU_CTLO register, and set DPMOD1 bit in the PMU_CTL1 register.
Then, the device enters the Deep-sleep 1 mode after a WFI or WFE instruction is executed.
If the Deep-sleep 1 mode is entered by executing a WFI instruction, any interrupt from EXTI
lines can wake up the system. If it is entered by executing a WFE instruction, any wakeup
event from EXTI lines can wake up the system (If SEVONPEND is 1, any interrupt from EXTI
lines can wake up the system, refer to Cortex®-M33 Technical Reference Manual). When
exiting the Deep-sleep 1 mode, the IRC8M is selected as the system clock. Waking up from
Deep-sleep 1 mode needs an additional delay to power on COREOFF1 domain. Notice that
an additional wakeup delay will be incurred if the LDO operates in low power mode.

The low-driver mode in Deep-sleep 1 mode can be entered by configuring the LDEN, LDNP,
LDLP, LDOLP bits in the PMU_CTLO register. The low-driver mode provides lower drive
capability, and the low-power mode take lower power.

Note:

COREOFF1 domain includes: ENET, SHRTIMER, USBHS, TMU modules.

COREOFFO domain includes: 1.1V power domain modules except FMC, PMU, RCU,
EXTI, GPIO, DBG, FWDGT, WWDGT, USARTS5, 12C2, and modules in COREOFF1
domain; includes SRAM (except the first 32K).

Deep-sleep 2 mode

The Deep-sleep 2 mode is based on the SLEEPDEEP mode of the Cortex®-M33. In Deep-
sleep 2 mode, all clocks in the 1.1V domain are off, and all of IRC8M, IRC48M, HXTAL and
PLLs are disabled. The power of COREOFFO0/COREOFF1 domain is cut off. The contents of
SRAM except for the first 32K and registers in COREOFFO0/COREOFF1 domain are lost. The
LDO can operate normally or in low power mode depending on the LDOLP bit in the
PMU_CTLO register. Before entering the Deep-sleep 2 mode, it is necessary to set the
SLEEPDEEP bit in the Cortex®-M33 System Control Register, clear the STBMOD bit in the
PMU_CTLO register, and set DPMOD2 bit in the PMU_CTLA1 register. Then, the device enters
the Deep-sleep 2 mode after a WFI or WFE instruction is executed. If the Deep-sleep 2 mode
is entered by executing a WFI instruction, any interrupt from EXTI lines can wake up the
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system. If it is entered by executing a WFE instruction, any wakeup event from EXTI lines can
wake up the system (If SEVONPEND is 1, any interrupt from EXTI lines can wake up the
system, refer to Cortex®-M33 Technical Reference Manual). Waking up from Deep-sleep 2
mode needs an additional delay to power on COREOFFO/COREOFF1 domain. Notice that
an additional wakeup delay will be incurred if the LDO operates in low power mode.

The low-driver mode in Deep-sleep 2 mode can be entered by configuring the LDEN, LDNP,
LDLP, LDOLP bits in the PMU_CTLO register. The low-driver mode provides lower drive
capability, and the low-power mode take lower power.

Note: When exiting from the Deep-sleep 2 mode, the Cortex®-M33 will execute instruction
code from the 0x00000000 address.

Standby mode

The Standby mode is based on the SLEEPDEEP mode of the Cortex®-M33, too. In Standby
mode, the whole 1.1V domain is power off, the LDO is shut down, and all of IRC8M, IRC48M,
HXTAL and PLL are disabled. Before entering the Standby mode, it is necessary to set the
SLEEPDEEP bit in the Cortex®-M33 System Control Register, and set the STBMOD bit in the
PMU_CTLO register, and clear WUF bit in the PMU_CSO register. Then, the device enters the
Standby mode after a WFI or WFE instruction is executed, and the STBF status flag in the
PMU_CSO register indicates that the MCU has been in Standby mode. There are four wakeup
sources for the Standby mode, including the external reset from NRST pin, the RTC alarm,
the FWDGT reset, and the rising edge on WKUP pins. The Standby mode achieves the lowest
power consumption, but spends longest time to wake up. Besides, the contents of SRAM and
registers in 1.1V power domain are lost in Standby mode. When exiting from the Standby
mode, a power-on reset occurs and the Cortex®-M33 will execute instruction code from the
0x00000000 address.

Table 4-1. Power saving mode summary

Mode

Sleep Deep-sleep Deep-sleep 1 Deep-sleep 2 Standby

Descriptio

n

1. All clocks in the 1.1V

1.1V domain are off. 2. Disable IRC8M, domain
2. Disable IRC8M, IRC48M, HXTAL and |power off.

1. Allclocks in the

1.1V domain are off.

Only CPU clock IRC48M, HXTAL and PLLs. 2. Disable

) 2. Disable IRC8M,
is off PLLs. 3. CPU / SRAM except [IRC8M,

IRC48M, HXTAL
3. SHRTIMER / USBHS for the first 32K / IRC48M,
and PLLs.
/ TMU / ENET power peripherals in HXTAL and
off. COREOFFO0 and PLLs.
COREOFF1 power off.

LDO
Status

On (normal or low On (normal or low On (normal or low
On (normal
power mode, normal | power mode, normal or | power mode, normal or Off
power mode) ) ) )
or low driver mode) low driver mode) low driver mode)

Configurat

SLEEPDEEP =0| SLEEPDEEP =1 SLEEPDEEP = 1 SLEEPDEEP = 1 SLEEPDEEP
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Mode Sleep Deep-sleep Deep-sleep 1 Deep-sleep 2 Standby
ion STBMOD =0 STBMOD =0 STBMOD =0 =1
DPMOD1 =1 DPMOD2 =1 STBMOD =1,
WURST=1
Entry WFI or WFE WFI or WFE WFI or WFE WFI or WFE WFI or WFE
) 1. NRST
Any interrupt for ) ) ) .
WEI Any interrupt from | Any interrupt from EXTI| Any interrupt from EXTI pin
EXTI lines for WFI lines for WFI lines for WFI 2. WKUP
Any event (or ) ) ) .
Wakeup int t wh Any event(or interrupt | Any event(or interrupt | Any event(or interrupt pins
interrupt when
P when SEVONPEND is| when SEVONPEND is | when SEVONPEND is | 3. FWDGT
SEVONPEND is
1) from EXTI for WFE | 1) from EXTI for WFE | 1) from EXTI for WFE reset
1) for WFE
4. RTC
IRC8M wakeup time,|/IRC8M wakeup time,
IRC8M wakeup time, |COREOFF1 power on|COREOFFO0/COREOFF
Wakeup N LDO wakeup timel|time added, and LDO|1 power on time added,| Power on
one
Latency added if LDO is in low|wakeup time added ifland LDO wakeup time| sequence
power mode LDO is in low power|added if LDO is in low
mode power mode

Note: In Standby mode, all I/Os are in high-impedance state except NRST pin, PC13 pin
when configured for RTC function, PC14 and PC15 pins when used as LXTAL crystal
oscillator pins, and WKUP pins if enabled.
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4.4. Register definition
PMU base address: 0x4000 7000
4.4.1. Control register 0 (PMU_CTLO)
Address offset: 0x00
Reset value: 0x0000 C000 (reset by wakeup from Standby mode)
This register can be accessed by half-word(16-bit) or word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved | LDEN[1:0] | HDS ‘ HDEN ‘
12 12 w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ LDNP ‘ LDLP Reserved BKPWEN‘ LVDT[2:0] ‘ LVDEN ISTBRST ‘ WURST ISTBMOD‘ LDOLP ‘
w w w w w rc_wl rc_wl w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:18 LDEN[1:0] Low-driver mode enable in Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode
00: Low-driver mode disable in Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode
01: Reserved
10: Reserved
11: Low-driver mode enable in Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode
17 HDS High-driver mode switch
Set this bit by software only when HDRF flag is set and IRC8M or HXTAL used as
system clock. After this bit is set, the system enters High-driver mode. This bit can
be cleared by software. And cleared by hardware when exit from Deep-sleep /
Deep-sleep 1/ Deep-sleep 2 mode or when the HDEN bit is clear.
0: No High-driver mode switch
1: High-driver mode switch
16 HDEN High-driver mode enable
This bit is set by software only when IRC8M or HXTAL used as system clock. This
bit is cleared by software or by hardware when exit from Deep-sleep / Deep-sleep
1/ Deep-sleep 2 mode.
0: High-driver mode disable
1: High-driver mode enable
15:12 Reserved Must be kept at reset value.
11 LDNP Low-driver mode when use normal power LDO

0: normal driver when use normal power LDO
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10

75

LDLP

Reserved

BKPWEN

LVDT[2:0]

LVDEN

STBRST

WURST

STBMOD

LDOLP

1: Low-driver mode enabled when LDEN is 11 and use normal power LDO

Low-driver mode when use low power LDO.
0: normal driver when use low power LDO

1: Low-driver mode enabled when LDEN is 11 and use low power LDO
Must be kept at reset value.

Backup Domain Write Enable

0: Disable write access to the registers in Backup domain

1: Enable write access to the registers in Backup domain

After reset, any write access to the registers in Backup domain is ignored. This bit
has to be set to enable write access to these registers.

Low Voltage Detector Threshold
000: 2.1V
001: 2.3V
010: 2.4V
011: 2.6V
100: 2.7V
101: 2.9V
110: 3.0V
111: 3.1V

Low Voltage Detector Enable
0: Disable Low Voltage Detector
1: Enable Low Voltage Detector

Standby Flag Reset
0: No effect
1: Reset the standby flag

This bit is always read as 0.

Wakeup Flag Reset

0: No effect

1: Reset the wakeup flag
This bit is always read as 0.

Standby Mode

0: Enter the Deep-sleep / Deep-sleep 1/ Deep-sleep 2 mode when the Cortex®-
M33 enters SLEEPDEEP mode

1: Enter the Standby mode when the Cortex®-M33 enters SLEEPDEEP mode

LDO Low Power Mode

0: The LDO operates normally during the Deep-sleep / Deep-sleep 1 / Deep-sleep
2 mode

1: The LDO is in low power mode during the Deep-sleep / Deep-sleep 1 / Deep-

sleep 2 mode
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Note: Some peripherals may work with the IRC8M clock in the Deep-sleep / Deep-

sleep 1/ Deep-sleep 2 mode. In this case, the LDO automatically switches from the
low power mode to the normal mode and remains in this mode until the peripheral

stop working.

4.4.2. Control and status register 0 (PMU_CSO0)

Address offset: 0x04
Reset value: 0x0000 0000 (not reset by wakeup from Standby mode)

This register can be accessed by half-word(16-bit) or word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ LDRF[1:0] ‘ HDSRF ‘ HDRF ‘
rc_wl r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘WUPEN7 Reserved WUPEN5‘WUPEN4‘WUPEN3‘WUPENZ‘WUPENl‘WUPENO‘WUPENG‘ Reserved ‘ LVDF ’ STBF ‘ WUF ‘
rw w w rw w w rw I\ r r r
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:18 LDRF[1:0] Low-driver mode ready flag

These bits are set by hardware when enter Deep-sleep / Deep-sleep 1 / Deep-
sleep 2 mode and the LDO in Low-driver mode. These bits are cleared by
software when write 11.

00: normal driver in Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode

01: Reserved

10: Reserved

11: Low-driver mode in Deep-sleep / Deep-sleep 1 / Deep-sleep 2 mode

17 HDSRF High-driver switch ready flag
0: High-driver switch not ready
1: High-driver switch ready

16 HDRF High-driver ready flag
0: High-driver not ready
1: High-driver ready

15 WUPEN7 WKUP Pin7(PF8) Enable
0: Disable WKUP pin7 function
1: Enable WKUP pin7 function
If WUPENY is set before entering the power saving mode, a rising edge on the
WKUP pin7 wakes up the system from the power saving mode. As the WKUP pin7
is active high, the WKUP pin7 is internally configured to input pull down mode.

And set this bit will trigger a wakup event when the input is aready high.
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14 Reserved Must be kept at reset value.

13 WUPEN5 WKUP Pin5(PB5) Enable
0: Disable WKUP pin5 function
1: Enable WKUP pin5 function
If WUPENS is set before entering the power saving mode, a rising edge on the
WKUP pin5 wakes up the system from the power saving mode. As the WKUP pin5
is active high, the WKUP pin5 is internally configured to input pull down mode.
And set this bit will trigger a wakup event when the input is aready high.

12 WUPEN4 WKUP Pin4(PC5) Enable
0: Disable WKUP pin4 function
1: Enable WKUP pin4 function
If WUPEN4 is set before entering the power saving mode, a rising edge on the
WKUP pin4 wakes up the system from the power saving mode. As the WKUP pin4
is active high, the WKUP pin4 is internally configured to input pull down mode.
And set this bit will trigger a wakup event when the input is aready high.

11 WUPEN3 WKUP Pin3(PA2) Enable
0: Disable WKUP pin3 function
1: Enable WKUP pin3 function
If WUPENS is set before entering the power saving mode, a rising edge on the
WKUP pin3 wakes up the system from the power saving mode. As the WKUP pin3
is active high, the WKUP pin3 is internally configured to input pull down mode.
And set this bit will trigger a wakup event when the input is aready high.

10 WUPEN2 WKUP Pin2(PE6) Enable
0: Disable WKUP pin2 function
1: Enable WKUP pin2 function
If WUPEN2 is set before entering the power saving mode, a rising edge on the
WKUP pin2 wakes up the system from the power saving mode. As the WKUP pin2
is active high, the WKUP pin2 is internally configured to input pull down mode.
And set this bit will trigger a wakup event when the input is aready high.

9 WUPEN1 WKUP Pin1(PC13) Enable
0: Disable WKUP pin1 function
1: Enable WKUP pin1 function
If WUPENT1 is set before entering the power saving mode, a rising edge on the
WKUP pinl wakes up the system from the power saving mode. As the WKUP pinl
is active high, the WKUP pinl is internally configured to input pull down mode.
And set this bit will trigger a wakup event when the input is aready high.

8 WUPENO WKUP Pin0O(PAOQ) Enable

0: Disable WKUP pin0 function
1: Enable WKUP pin0 function
If WUPENQO is set before entering the power saving mode, a rising edge on the

WKUP pin0 wakes up the system from the power saving mode. As the WKUP pinO
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6:3

4.4.3.

31

30

WUPENG

Reserved

LVDF

STBF

WUF

is active high, the WKUP pin0 is internally configured to input pull down mode.
And set this bit will trigger a wakup event when the input is aready high.

WKUP Pin6(PB15) Enable

0: Disable WKUP pin6 function

1: Enable WKUP pin6 function

If WUPENS is set before entering the power saving mode, a rising edge on the
WKUP pin6 wakes up the system from the power saving mode. As the WKUP pin6
is active high, the WKUP pin6 is internally configured to input pull down mode.

And set this bit will trigger a wakup event when the input is aready high.
Must be kept at reset value.

Low Voltage Detector Status Flag

0: Low Voltage event has not occurred (Vop is higher than the specified LVD
threshold)

1: Low Voltage event occurred (Vop is equal to or lower than the specified LVD
threshold)

Note: The LVD function is stopped in Standby mode.

Standby Flag

0: The device has not entered the Standby mode

1: The device has been in the Standby mode

This bit is cleared only by a POR/PDR or by setting the STBRST bit in the
PMU_CTLO register.

Wakeup Flag

0: No wakeup event has been received

1: Wakeup event occurred from the WKUP pins or the RTC alarm event
This bit is cleared only by a POR / PDR or by setting the WURST bit in the
PMU_CTLO register.

Control register 1 (PMU_CTL1)

Address offset: 0x08
Reset value: 0x0000 0000 (reset by wakeup from Standby mode)

This register can be accessed by half-word(16-bit) or word(32-bit).

29

28

27

26 25 24 23 22 21 20 19 18 17 16

Reserved |

15

14

13

12

11

10 9 8 7 6 5 4 3 2 1 0

Reserved ‘ DPMOD2 ‘ DPMOD1 |

Bits

Fields

w w

Descriptions
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31:2 Reserved Must be kept at reset value.
1 DPMOD2 Deep-sleep 2 mode enable
0: Not care
1:Go to Deep-sleep 2 mode when SLEEPDEEP bit is set and the STBMOD bit is
clear
0 DPMOD1 Deep-sleep 1 mode enable
0: Not care

1:Go to Deep-sleep 1 mode when the SLEEPDEEP bit is set and the STBMOD bit
is clear and the DPMOD2 bit is clear

4.4.4. Control and status register 1 (PMU_CS1)

Address offset: 0x0C
Reset value: 0x0000 0000 (not reset by wakeup from Standby mode)

This register can be accessed by half-word(16-bit) or word(32-bit).

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

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

‘ Reserved ’ DPF2 ‘ DPF1 |

rc_wo rc_wo

Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1 DPF2 Deep-sleep 2 mode status flag. This bit set by hardware when enter Deep-sleep 2

mode. And clear by software when write 0.

0 DPF1 Deep-sleepl mode status flag. This bit set by hardware when enter Deep-sleep 1
mode. And clear by software when write 0.
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5. Reset and clock unit (RCU)
High density reset and clock control unit (RCU)

5.1. Reset control unit (RCTL)

5.1.1. Overview
GD32E51x reset control includes the control of three kinds of reset: power reset, system reset
and backup domain reset. The power reset, known as a cold reset, resets the full system
except the backup domain. The system reset resets the processor core and peripheral IP
components except for the SW-DP controller and the backup domain. The backup domain
reset resets the backup domain. These resets can be triggered by an external signal, internal
events and the reset generators. More information about these resets will be described in the
following sections.

5.1.2. Function overview

Power reset

The power reset is generated by either an external reset as power on and power down reset
(POR/PDR reset), or by the internal reset generator when exiting Standby mode. The power
reset sets all registers to their reset values except the backup domain. The power reset whose
active signal is low, it will be de-asserted when the internal LDO voltage regulator is ready to
provide 1.1V power. The reset service routine vector is fixed at address 0x0000_0004 in the
memory map.

System reset

A system reset is generated by the following events:

A power reset (POWER_RSTn).

A external pin reset (NRST).

A window watchdog timer reset WWDGT_RSTn).

A free watchdog timer reset (FWDGT_RSTn).

The SYSRESETREQ bit in Cortex®-M33 application interrupt and reset control register

is set (SW_RSTn).

B Reset generated when entering Standby mode when resetting nRST_STDBY bit in user
option bytes (OB_STDBY_RSTn).

B Reset generated when entering Deep-sleep mode when resetting nRST_DPSLP bit in

user option bytes (OB_DPSLP_RSTn).
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A system reset resets the processor core and peripheral IP components except for the SW-
DP controller and the backup domain.
A system reset pulse generator guarantees low level pulse duration of 20 u s for each reset
source (external or internal reset).
Figure 5-1. The system reset circuit
NRST é
min 20 us
FWDGT_RSTh———— puls,et [—® System Reset
SW_RSTn gerem™
OB_STDBY_RSTn
OB_DPSLP_RSTn
OBL_RSTn
Backup domain reset
A backup domain reset is generated by setting the BKPRST bit in the backup domain control
register or backup domain power on reset (Voo or Vear power on, if both supplies have
previously been powered off).
5.2. Clock control unit (CCTL)
5.2.1. Overview

The clock control unit provides a range of frequencies and clock functions. These include an
Internal 8M RC oscillator (IRC8M), an Internal 48M RC oscillator (IRC48M), a High Speed
crystal oscillator (HXTAL), a Low Speed Internal 40K RC oscillator (IRC40K), a Low Speed
crystal oscillator (LXTAL), a Phase Lock Loop (PLL), a HXTAL clock monitor, clock prescalers,
clock multiplexers and clock gating circuitry.

The clocks of the AHB, APB and Cortex®-M33 are derived from the system clock (CK_SYS)
which can source from the IRC8M, HXTAL or PLL. The maximum operating frequency of the
system clock (CK_SYS) can be up to 180 MHz.
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Figure 5-2. Clock tree
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e NOCLK USARTSSEL[LO) CK_ADCx to ADCO,1,2
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11 CKPLL  CKSYS 1 CKUSARTS +5,6,10,20
CK_LXTAL 10
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CKOUTSEL[2:0]
12CasEL 1] CK_APB2 CK_SHRTIMER
CcK_SYS
CKAPBL cK_l2c2
cK_sYS o >
CK_IRCEM 14

The frequency of AHB, APB2 and the APB1 domains can be configured by each prescaler.
The maximum frequency of the AHB, APB2 and APB1 domains is 180 MHz / 180 MHz / 90
MHz. The Cortex® System Timer (SysTick) external clock is clocked with the AHB clock
(HCLK) divided by 8. The SysTick can work either with this clock or with the AHB clock (HCLK),
configurable in the systick control and status register.

The ADCs are clocked by the clock of APB2 divided by 2, 4, 6, 8, 12, 16 or by the clock of
AHB divided by 5, 6, 10, 20, which defined by ADCPSC in RCU_CFGO0 and RCU_CFG1
register.

The USARTS5 is clocked by IRC8M clock or LXTAL clock or system clock or APB2 clock, which
selected by USARTS5SEL bits in configuration register 2 (RCU_CFG2).

The 12C2 is clocked by IRC8M clock or system clock or APB1 clock, which selected by
I2C2SEL bits in configuration register 2 (RCU_CFG2).
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5.2.2.

The SDIO, EXMC are clocked by the clock of CK_AHB.

The TIMERSs are clocked by the clock divided from CK_APB2 and CK_APB1. The frequency
of TIMERs clock is equal to CK_APBx(APB prescaler is 1), twice the CK_APBx(APB
prescaler is not 1).

The USBD is clocked by the clock of CK48M. The CK48M is selected from the clock of
CK_PLL or the clock of IRC48M by CK48MSEL bit in RCU_ADDCTL register.

The CTC is clocked by the clock of IRC48M. The IRC48M can be automatically trimmed by
CTC unit.

The I12S is clocked by the clock of CK_SYS.

The RTC is clocked by LXTAL clock or IRC40K clock or HXTAL clock divided by 128 (defined
which select by RTCSRC bit in backup domain control register (RCU_BDCTL). After the RTC
select HXTAL clock divided by 128, the clock disappeared when the 1.1V core domain power
off. After the RTC select IRC40K, the clock disappeared when Voo power off. After the RTC
select LXTAL, the clock disappeared when Vpp and Vear power off.

The FWDGT is clocked by IRC40K clock, which is forced on when FWDGT started.
The FMC is clocked by IRC8M clock, which is forced on when IRC8M started.

The SHRTIMER is clocked by the clock of CK_APB2 or CK_SYS which defined by
SHRTIMERSEL bit in RCU_CFG1 register.

If the SHRTIMER high-resolution mode is not required, the SHRTIMERSEL bit in the
RCU_CFG1 register can remain cleared. In this case, the CNTCKDIV[2:0] value in the
SHRTIMER_MTCTLDO register must be at least 5 (prescaler ratio of 64 or greater).

When high-resolution mode is required for the SHRTIMER, the source of system clock source
must be selected as PLL, and the SHRTIMERSEL bit in the RCU_CFG1 register must be set
to 1 to select CK_SYS as the clock source. In this scenario, any value can be used for
CNTCKDIV[2:0] in the SHRTIMER_MTCTLO register.

Note: For high-resolution configuration, the AHB and APB2 prescalers (AHBPSC[3:0] and
APB2PSC[2:0] bits in the RCU_CFGO register) must be set to maintain a proportional
relationship of 1, 2, or 4 between the system clock CK_SYS and the APB2 clock PCLK2.

Characteristics

4 to 32 MHz High Speed crystal oscillator (HXTAL).
Internal 8 MHz RC oscillator (IRC8M).

Internal 48 MHz RC oscillator (IRC48M).

32,768 Hz Low Speed crystal oscillator (LXTAL).
Internal 40KHz RC oscillator (IRC40K).

PLL clock source can be HXTAL, IRC8M, IRC48M.
HXTAL clock monitor.
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5.2.3.

Function overview

High speed crystal oscillator (HXTAL)

The high speed external crystal oscillator (HXTAL), which has a frequency from 4 to 32 MHz,
produces a highly accurate clock source for use as the system clock. A crystal with a specific
frequency must be connected and located close to the two HXTAL pins. The external resistor
and capacitor components connected to the crystal are necessary for proper oscillation.

Figure 5-3. HXTAL clock source

OSCIN oscour

c1— j— c2

The HXTAL crystal oscillator can be switched on or off using the HXTALEN bit in the control
register RCU_CTL. The HXTALSTB flag in control register RCU_CTL indicates if the high-
speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be
released for use until this HXTALSTB bit is set by the hardware. This specific delay period is
known as the oscillator “Start-up time” . As the HXTAL becomes stable, an interrupt will be
generated if the related interrupt enable bit HXTALSTBIE in the interrupt register RCU_INT
is set. At this point the HXTAL clock can be used directly as the system clock source or the
PLL input clock.

Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the
control register RCU_CTL. During bypass mode, the signal is connected to OSCIN, and
OSCOUT remains in the suspended state, as shown in Figure 5-4. HXTAL clock source in
bypass mode. The CK_HXTAL is equal to the external clock which drives the OSCIN pin.

Figure 5-4. HXTAL clock source in bypass mode

OSCIN OSCOouUT|

— <

Internal 8M RC oscillators (IRC8M)

The internal 8M RC oscillator, IRC8M, has a fixed frequency of 8 MHz and is the default clock
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source selection for the CPU when the device is powered up. The IRC8M oscillator provides
a lower cost type clock source as no external components are required. The IRC8M RC
oscillator can be switched on or off using the IRC8MEN bit in the control Register RCU_CTL.
The IRC8MSTB flag in the control register RCU_CTL is used to indicate if the internal 8M RC
oscillator is stable. The start-up time of the IRC8M oscillator is shorter than the HXTAL crystal
oscillator. An interrupt can be generated if the related interrupt enable bit, IRC8MSTBIE, in
the clock interrupt register, RCU_INT, is set when the IRC8M becomes stable. The IRC8M
clock can also be used as the system clock source or the PLL input clock.

The frequency accuracy of the IRC8M can be calibrated by the manufacturer, but its operating
frequency is still less accurate than HXTAL. The application requirements, environment and
cost will determine which oscillator type is selected.

If the HXTAL or PLL is the system clock source, to minimize the time required for the system
to recover from the Deep-sleep Mode, the hardware forces the IRC8M clock to be the system
clock when the system initially wakes-up.

Internal 48M RC oscillators (IRC48M)

The internal 48M RC oscillator, IRC48M, has a fixed frequency of 48 MHz. The IRC48M
oscillator provides a lower cost type clock source as no external components are required
when USBD used. The IRC48M RC oscillator can be switched on or off using the IRC48MEN
bit in the RCU_ADDCTL register. The IRC48MSTB flag in the RCU_ADDCTL register is used
to indicate if the internal 48M RC oscillator is stable. An interrupt can be generated if the
related interrupt enable bit, IRC48MSTBIE, in the RCU_ADDINT register, is set when the
IRC48M becomes stable. The IRC48M clock is used for the clocks of USBD.

The frequency accuracy of the IRC48M can be calibrated by the manufacturer, but its
operating frequency is still not enough accurate because the USB need the frequency must
between 48MHz with 500ppm accuracy. A hardware automatically dynamic trim performed in
CTC unit adjust the IRC48M to the needed frequency.

Phase locked loop (PLL)

There is one internal Phase Locked Loop, the PLL.

The PLL can be switched on or off by using the PLLEN bit in the RCU_CTL register. The
PLLSTB flag in the RCU_CTL register will indicate if the PLL clock is stable. An interrupt can
be generated if the related interrupt enable bit, PLLSTBIE, in the RCU_INT register, is set as
the PLL becomes stable.

The PLL is closed by hardware when entering the Deepsleep / Standby mode or HXTAL
monitor fail when HXTAL used as the source clock of the PLL.

Low speed crystal oscillator (LXTAL)
The low speed external crystal or ceramic resonator oscillator, which has a frequency of
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32,768 Hz, produces a low power but highly accurate clock source for the real time clock
circuit. The LXTAL oscillator can be switched on or off using the LXTALEN bit in the backup
domain control register (RCU_BDCTL). The LXTALSTB flag in the backup domain control
register (RCU_BDCTL) will indicate if the LXTAL clock is stable. An interrupt can be
generated if the related interrupt enable bit, LXTALSTBIE, in the Interrupt register RCU_INT
is set when the LXTAL becomes stable.

Select external clock bypass mode by setting the LXTALBPS and LXTALEN bits in the backup
domain control register (RCU_BDCTL). The CK_LXTAL is equal to the external clock which
drives the OSC32IN pin.

Internal 40K RC oscillator (IRC40K)

The internal RC oscillator has a frequency of about 40 kHz and is a low power clock source
for the real time clock circuit or the rree watchdog timer. The IRC40K offers a low cost clock
source as no external components are required. The IRC40K RC oscillator can be switched
on or off by using the IRC40KEN bit in the reset source / clock register (RCU_RSTSCK). The
IRC40KSTB flag in the reset source / clock register RCU_RSTSCK will indicate if the IRC40K
clock is stable. An interrupt can be generated if the related interrupt enable bit IRC40KSTBIE
in the clock interrupt register (RCU_INT) is set when the IRC40K becomes stable.

The IRC40K can be trimmed by TIMER4_CHS3, user can get the clocks frequency, and adjust
the RTC and FWDGT counter. Please refer to TIMER4CH3_IREMAP in AFIO_PCFO register.

System clock (CK_SYS) selection

After the system reset, the default CK_SYS source will be IRC8M and can be switched to
HXTAL or CK_PLL by changing the system clock switch bits, SCS, in the clock configuration
register 0, RCU_CFGO0. When the SCS value is changed, the CK_SYS will continue to
operate using the original clock source until the target clock source is stable. When a clock
source is directly or indirectly (by PLL) used as the CK_SYS, it is not possible to stop it.

HXTAL clock monitor (CKM)

The HXTAL clock monitor function is enabled by the HXTAL clock monitor enable bit, CKMEN,
in the control register (RCU_CTL). This function should be enabled after the HXTAL start-up
delay and disabled when the HXTAL is stopped. Once the HXTAL failure is detected, the
HXTAL will be automatically disabled. The HXTAL clock stuck interrupt flag, CKMIF, in the
clock interrupt register, RCU_INT, will be set and the HXTAL failure event will be generated.
This failure interrupt is connected to the non-maskable interrupt, NMI, of the Cortex®-M33. If
the HXTAL is selected as the clock source of CK_SYS, PLL and CK_RTC, the HXTAL failure
will force the CK_SYS source to IRC8M, the PLL will be disabled automatically. If the HXTAL
is selected as the clock source of PLL, the HXTAL failure will force the PLL closed
automatically. If the HXTAL is selected as the clock source of RTC, the HXTAL failure will
reset the RTC clock selection.
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Clock output capability

The clock output capability is ranging from 4 MHz to 180 MHz. There are several clock signals
can be selected via the CK_OUTO clock source selection bits, CKOUTOSEL, in the clock
configuration register 0 (RCU_CFGO0). The corresponding GPIO pin should be configured in

the properly alternate function 1/0 (AFIO) mode to output the selected clock signal.

Table 5-1. Clock output 0 source select

Clock source 0 selection bits Clock source
Oxx NO CLK
100 CK_SYS
101 CK_IRC8M
110 CK_HXTAL
111 CK_PLL/2

Voltage control

The 1.1V domain voltage in Deep-sleep mode can be controlled by DSLPVS[2:0] bit in the
Deep-sleep mode voltage register (RCU_DSV).

Table 5-2. 1.1V domain voltage selected in deep-sleep mode

DSLPVS[2:0] Deep-sleep mode voltage(V)
000 1.0
001 0.9
010 0.8
011 0.7
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5.3. Register definition
RCU base address: 0x4002 1000
5.3.1. Control register (RCU_CTL)
Address offset: 0x00
Reset value: 0x0000 XX83 where X is undefined.
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL HXTALB |HXTALST| HXTALE
Reserved PLLSTB Reserved CKMEN
EN PS B N
r w 12 w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC8MST
IRC8MCALIBJ[7:0] IRC8MADJ[4:0] Reserved IRCBMEN
B
r w r w
Bits Fields Descriptions
31:26 Reserved Must be kept at reset value.
25 PLLSTB PLL clock stabilization flag
Set by hardware to indicate if the PLL output clock is stable and ready for use.
0: PLL is not stable
1: PLL is stable
24 PLLEN PLL enable
Set and reset by software. This bit cannot be reset if the PLL clock is used as the
system clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: PLL is switched off
1: PLL is switched on
23:20 Reserved Must be kept at reset value.
19 CKMEN HXTAL Clock Monitor Enable

0: Disable the High speed 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor

1: Enable the High speed 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor
When the hardware detects that the HXTAL clock is stuck at a low or high state, the
internal hardware will switch the system clock to be the internal high speed IRC8M
RC clock. The way to recover the original system clock is by either an external reset,
power on reset or clearing CKMIF by software.

Note: When the HXTAL clock monitor is enabled, the hardware will automatically
enable the IRC8M internal RC oscillator regardless of the control bit, IRC8MEN,

State.
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18 HXTALBPS High speed crystal oscillator (HXTAL) clock bypass mode enable
The HXTALBPS bit can be written only if the HXTALEN is 0.
0: Disable the HXTAL Bypass mode
1: Enable the HXTAL Bypass mode in which the HXTAL output clock is equal to the
input clock.
17 HXTALSTB High speed crystal oscillator (HXTAL) clock stabilization flag
Set by hardware to indicate if the HXTAL oscillator is stable and ready for use.
0: HXTAL oscillator is not stable
1: HXTAL oscillator is stable
16 HXTALEN High Speed crystal oscillator (HXTAL) Enable
Set and reset by software. This bit cannot be reset if the HXTAL clock is used as
the system clock or the PLL input clock when PLL clock is selected to the system
clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: High speed 4 ~ 32 MHz crystal oscillator disabled
1: High speed 4 ~ 32 MHz crystal oscillator enabled
15:8 IRC8MCALIB[7:0] Internal 8MHz RC Oscillator calibration value register
These bits are load automatically at power on.
7:3 IRCBMADJ[4:0] Internal 8MHz RC Oscillator clock trim adjust value
These bits are set by software. The trimming value is these bits (IRC8MADJ) added
to the IRC8MCALIBJ[7:0] bits. The trimming value should trim the IRC8M to 8 MHz
+ 1%.
2 Reserved Must be kept at reset value.
1 IRC8MSTB IRC8M Internal 8MHz RC Oscillator stabilization Flag
Set by hardware to indicate if the IRC8M oscillator is stable and ready for use.
0: IRC8M oscillator is not stable
1: IRC8M oscillator is stable
0 IRCSMEN Internal 8MHz RC oscillator Enable
Set and reset by software. This bit cannot be reset if the IRC8M clock is used as
the system clock. Set by hardware when leaving Deep-sleep or Standby mode or
the HXTAL clock is stuck at a low or high state when CKMEN s set.
0: Internal 8 MHz RC oscillator disabled
1: Internal 8 MHz RC oscillator enabled
5.3.2. Clock configuration register 0 (RCU_CFGO0)
Address offset: 0x04
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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USBDPS ADCPSC[
PLLMF[5] | Reserved PLLMF[4] CKOUTOSEL[2:0] USBDPSCJ[1:0] PLLMF[3:0] PREDVO | PLLSEL
C[2] 2]
rw w w rw rw rw rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPSCI[1:0] APB2PSCI[2:0] APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0]
w w w w r w
Bits Fields Descriptions
31 USBDPSC[2] Bit 2 of USBDPSC

see bits 23:22 of RCU_CFGO

30 PLLMF[5] Bit 5 of PLLMF
see hits 21:18 of RCU_CFGO0

29 Reserved Must be kept at reset value.

28 ADCPSCJ2] Bit 2 of ADCPSC
see hits 15:14 of RCU_CFGO0

27 PLLMF[4] Bit 4 of PLLMF
see bits 21:18 of RCU_CFGO

26:24 CKOUTOSEL[2:0] CKOUTO Clock Source Selection
Set and reset by software.
Oxx: No clock selected
100: System clock selected
101: Internal 8MHz RC Oscillator clock selected
110: External high speed oscillator clock selected
111: (CK_PLL / 2) clock selected

23:22 USBDPSCJ[1:0] USBD clock prescaler selection
Set and reset by software to control the USBD clock prescaler value. The USBD
clock must be 48MHz. These bits can'’t be reset if the USBD clock is enabled.
000: CK_USBD =CK_PLL/15
001: CK_USBD = CK_PLL
010: CK_USBD = CK_PLL /2.5
011: CK_USBD =CK_PLL /2
100: CK_USBD = CK_PLL /3
101: CK_USBD =CK_PLL /3.5
11x: CK_USBD =CK_PLL/4

21:18 PLLMF[3:0] The PLL clock multiplication factor
Bit 27, bit 30 of RCU_CFGO and these bits are written by software to define the PLL
multiplication factor.
Note: The PLL output frequency must not exceed 180 MHz.
000000: CK_SYS =CK_PLLx 2
000001: CK_SYS =CK_PLL x3

101



Z

GigaDevice

GD32E51x User Manual

17

16

PREDVO

PLLSEL

000010:
000011:
000100:
000101:
000110:
000111:
001000:
001001:
001010:
001011:
001100:
001101:
001110:
001111:
010000:
010001:
010010:
010011:
010100:
010101:
010110:
010111:
011000:
011001:
011010:
011011:
011100:
011101:
011110:
011111:
100000:
100001:

111110:
111111:

CK_SYS=CK_PLL x 4

CK_SYS =CK_PLL x5

CK_SYS=CK_PLLx6

CK_SYS=CK_PLLx7

CK_SYS=CK_PLLx8

CK_SYS=CK_PLLx9

CK_SYS = CK_PLL x 10
CK_SYS=CK_PLL x 11
CK_SYS =CK_PLL x 12
CK_SYS =CK_PLL x 13
CK_SYS=CK_PLL x 14
CK_SYS = CK_PLL x 15
CK_SYS = CK_PLL x 16
CK_SYS = CK_PLL x 16
CK_SYS=CK_PLLx 17
CK_SYS=CK_PLL x 18
CK_SYS =CK_PLL x 19
CK_SYS = CK_PLL x 20
CK_SYS = CK_PLL x 21
CK_SYS = CK_PLL x 22
CK_SYS =CK_PLL x 23
CK_SYS =CK_PLL x 24
CK_SYS = CK_PLL x 25
CK_SYS = CK_PLL x 26
CK_SYS = CK_PLL x 27
CK_SYS = CK_PLL x 28
CK_SYS = CK_PLL x 29
CK_SYS = CK_PLL x 30
CK_SYS = CK_PLL x 31
CK_SYS = CK_PLL x 32
CK_SYS =CK_PLL x 33
CK_SYS=CK_PLL x 34

CK_SYS = CK_PLL x 63
CK_SYS = CK_PLL x 64

PREDVO division factor

This bit is set and reset by software. These bits can be written when PLL is disable.
0: PREDVO input source clock not divided
1: PREDVO input source clock divided by 2

PLL clock source selection

Set and reset by software to control the PLL clock source.
0: (IRC8M / 2) clock selected as source clock of PLL
1: HXTAL or IRC48M(PLLPRESEL of RCU_CFG1 register) selected as source
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clock of PLL

15:14 ADCPSCI1:0] ADC clock prescaler selection
These bits, bit 28 of RCU_CFGO and bit 29 of RCU_CFG1 are written by software
to define the ADC prescaler factor.Set and cleared by software.
0000: (CK_APB2 / 2) selected
0001: (CK_APB2 / 4) selected
0010: (CK_APB2 / 6) selected
0011: (CK_APB2/ 8) selected
0100: (CK_APB2 / 2) selected
0101: (CK_APB2 / 12) selected
0110: (CK_APB2/ 8) selected
0111: (CK_APB2/ 16) selected
1x00: (CK_AHB / 5) selected
1x01: (CK_AHB / 6) selected
1x10: (CK_AHB / 10) selected
1x11: (CK_AHB / 20) selected

13:11 APB2PSC[2:0] APB2 prescaler selection
Set and reset by software to control the APB2 clock division ratio.
0xx: CK_AHB selected
100: (CK_AHB / 2) selected
101: (CK_AHB / 4) selected
110: (CK_AHB / 8) selected
111: (CK_AHB / 16) selected

10:8 APB1PSC[2:0] APBL1 prescaler selection
Set and reset by software to control the APBL1 clock division ratio.
Oxx: CK_AHB selected
100: (CK_AHB / 2) selected
101: (CK_AHB/ 4) selected
110: (CK_AHB / 8) selected
111: (CK_AHB / 16) selected

74 AHBPSC[3:0] AHB prescaler selection
Set and reset by software to control the AHB clock division ratio
Oxxx: CK_SYS selected
1000: (CK_SYS / 2) selected
1001: (CK_SYS/ 4) selected
1010: (CK_SYS/ 8) selected
1011: (CK_SYS/ 16) selected
1100: (CK_SYS / 64) selected
1101: (CK_SYS/128) selected
1110: (CK_SYS / 256) selected
1111: (CK_SYS /512) selected
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3:2 SCSS[1:0] System clock switch status
Set and reset by hardware to indicate the clock source of system clock.
00: Select CK_IRC8M as the CK_SYS source
01: Select CK_HXTAL as the CK_SYS source
10: Select CK_PLL as the CK_SYS source
11: Reserved
1.0 SCSJ[1:0] System clock switch
Set by software to select the CK_SYS source. Because the change of CK_SYS has
inherent latency, software should read SCSS to confirm whether the switching is
complete or not. The switch will be forced to IRC8M when leaving Deep-sleep and
Standby mode or HXTAL failure is detected by HXTAL clock monitor when HXTAL
is selected directly or indirectly as the clock source of CK_SYS
00: Select CK_IRC8M as the CK_SYS source
01: Select CK_HXTAL as the CK_SYS source
10: Select CK_PLL as the CK_SYS source
11: Reserved
5.3.3. Clock interrupt register (RCU_INT)
Address offset: 0x08
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIC Reserved
STBIC STBIC STBIC STBIC STBIC
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL HXTAL IRC8M LXTAL IRC40K PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIF Reserved
STBIE STBIE STBIE STBIE STBIE STBIF STBIF STBIF STBIF STBIF
w w w w w r r r r r r
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23 CKMIC HXTAL Clock Stuck interrupt clear
Write 1 by software to reset the CKMIF flag.
0: Not reset CKMIF flag
1: Reset CKMIF flag
22:21 Reserved Must be kept at reset value.
20 PLLSTBIC PLL stabilization interrupt clear

Write 1 by software to reset the PLLSTBIF flag.
0: Not reset PLLSTBIF flag
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19

18

17

16

15:13

12

11

10

HXTALSTBIC

IRC8BMSTBIC

LXTALSTBIC

IRC40KSTBIC

Reserved

PLLSTBIE

HXTALSTBIE

IRC8MSTBIE

LXTALSTBIE

IRC40KSTBIE

1: Reset PLLSTBIF flag

HXTAL stabilization interrupt clear

Write 1 by software to reset the HXTALSTBIF flag.
0: Not reset HXTALSTBIF flag

1: Reset HXTALSTBIF flag

IRC8M stabilization interrupt clear

Write 1 by software to reset the IRC8MSTBIF flag.
0: Not reset IRC8MSTBIF flag

1: Reset IRCBMSTBIF flag

LXTAL stabilization interrupt clear

Write 1 by software to reset the LXTALSTBIF flag.
0: Not reset LXTALSTBIF flag

1: Reset LXTALSTBIF flag

IRC40K stabilization interrupt clear

Write 1 by software to reset the IRC40KSTBIF flag.
0: Not reset IRC40KSTBIF flag

1: Reset IRC40KSTBIF flag

Must be kept at reset value.

PLL stabilization interrupt enable

Set and reset by software to enable/disable the PLL stabilization interrupt.
0: Disable the PLL stabilization interrupt

1: Enable the PLL stabilization interrupt

HXTAL stabilization interrupt enable

Set and reset by software to enable/disable the HXTAL stabilization interrupt
0: Disable the HXTAL stabilization interrupt

1: Enable the HXTAL stabilization interrupt

IRC8M stabilization interrupt enable

Set and reset by software to enable/disable the IRC8M stabilization interrupt
0: Disable the IRC8M stabilization interrupt

1: Enable the IRC8M stabilization interrupt

LXTAL stabilization interrupt enable

Set and reset by software to enable/disable LXTAL stabilization interrupt
0: Disable the LXTAL stabilization interrupt

1: Enable the LXTAL stabilization interrupt

IRC40K stabilization interrupt enable

Set and reset by software to enable/disable IRC40K stabilization interrupt
0: Disable the IRC40K stabilization interrupt

1: Enable the IRC40K stabilization interrupt
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7 CKMIF

6:5 Reserved

4 PLLSTBIF

3 HXTALSTBIF

2 IRC8BMSTBIF

1 LXTALSTBIF

0 IRC40KSTBIF

HXTAL clock stuck interrupt flag

Set by hardware when the HXTAL clock is stuck.
Reset when setting the CKMIC bit by software.
0: Clock operating normally

1: HXTAL clock stuck

Must be kept at reset value.

PLL stabilization interrupt flag

Set by hardware when the PLL is stable and the PLLSTBIE bit is set.
Reset when setting the PLLSTBIC bit by software.

0: No PLL stabilization interrupt generated

1: PLL stabilization interrupt generated

HXTAL stabilization interrupt flag

Set by hardware when the High speed 4 ~ 32 MHz crystal oscillator clock is stable
and the HXTALSTBIE bit is set.

Reset when setting the HXTALSTBIC bit by software.

0: No HXTAL stabilization interrupt generated

1: HXTAL stabilization interrupt generated

IRC8M stabilization interrupt flag

Set by hardware when the Internal 8 MHz RC oscillator clock is stable and the
IRC8MSTBIE bit is set.

Reset when setting the IRC8MSTBIC bit by software.

0: No IRC8M stabilization interrupt generated

1: IRC8M stabilization interrupt generated

LXTAL stabilization interrupt flag

Set by hardware when the Low speed 32,768 Hz crystal oscillator clock is stable
and the LXTALSTBIE bit is set.

Reset when setting the LXTALSTBIC bit by software.

0: No LXTAL stabilization interrupt generated

1: LXTAL stabilization interrupt generated

IRC40K stabilization interrupt flag

Set by hardware when the Internal 40kHz RC oscillator clock is stable and the
IRC40KSTBIE bit is set.

Reset when setting the IRC40KSTBIC bit by software.

0: No IRCA40K stabilization clock ready interrupt generated

1: IRC4O0K stabilization interrupt generated

5.3.4. APB2 reset register (RCU_APB2RST)

Address offset: 0x0C
Reset value: 0x0000 0000
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This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SHRTIME | USARTS TIMER16 | TIMER15 | TIMER14 TIMER10 | TIMERY | TIMER8
CMPEN | Reserved Reserved Reserved Reserved
RST RST RST RST RST RST RST RST
rw w rw rw I\ I\ rw I\ rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC2RS | USARTO | TIMER7R TIMEROR | ADC1RS [ ADCORS
SPIORST PGRST PFRST PERST PDRST PCRST PBRST PARST [Reserved| AFRST
T RST ST ST T T
w w w w w w w w w w w w w w w
Bits Fields Descriptions
31 CMPEN CMP clock enable
This bit is set and reset by software.
0: Disabled CMP clock
1: Enabled CMP clock
30 Reserved Must be kept at reset value.
29 SHRTIMERST SHRTIMER reset
This bit is set and reset by software.
0: No reset
1: Reset the SHRTIMER
28 USART5RST USARTS5 reset
This bit is set and reset by software.
0: No reset
1: Reset the USART5
27 Reserved Must be kept at reset value.
26 TIMER16RST Timer 16 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER16
25 TIMER15RST Timer 15reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER15
24 TIMER14RST Timer 14 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER14
23:22 Reserved Must be kept at reset value.
21 TIMER1ORST Timer 10 reset
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20

19

18:16

15

14

13

12

11

10

TIMERORST

TIMER8SRST

Reserved

ADC2RST

USARTORST

TIMER7RST

SPIORST

TIMERORST

ADC1RST

ADCORST

This bit is set and reset by software.

0: No reset
1: Reset the TIMER10

Timer 9 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER9

Timer 8 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERS8

Must be kept at reset value.

ADC2 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC2

USARTO Reset

This bit is set and reset by software.

0: No reset
1: Reset the USARTO

Timer 7 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER7

SPIO reset

This bit is set and reset by software.

0: No reset
1: Reset the SPIO

Timer O reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERO

ADC1 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC1

ADCO reset

This bit is set and reset by software.

0: No reset
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1: Reset the ADCO

8 PGRST GPIO port G reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port G

7 PFRST GPIO port F reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port F

6 PERST GPIO port E reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port E

5 PDRST GPIO port D reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port D

4 PCRST GPIO port C reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port C

3 PBRST GPIO port B reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port B

2 PARST GPIO port A reset
This bit is set and reset by software.
0: No reset
1: Reset the GPIO port A

1 Reserved Must be kept at reset value.

0 AFRST Alternate function I/O reset
This bit is set and reset by software.
0: No reset
1: Reset Alternate Function I/O

5.3.5. APB1 reset register (RCU_APB1RST)

Address offset: 0x10
Reset value: 0x0000 0000
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This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DAC1RS | DACORS CANI1RS | CANORS USBDRS UART4R | UART3R | USART2 | USART1
Reserved PMURST | BKPIRST I12C2RST 12C1RST | I2CORST Reserved
T T T T T ST ST RST RST
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
WWDGT TIMER13 | TIMER12 | TIMER11 | TIMER6R | TIMERSR | TIMER4R | TIMERS3R | TIMER2R | TIMER1R
SPI2RST | SPILIRST Reserved Reserved
RST RST RST RST ST ST ST ST ST ST
w w w w w w w w w w w w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 DAC1RST DACL1 reset
This bit is set and reset by software.
0: No reset
1: Reset DACL1 unit
29 DACORST DACO reset
This bit is set and reset by software.
0: No reset
1: Reset DACO unit
28 PMURST Power control reset
This bit is set and reset by software.
0: No reset
1: Reset power control unit
27 BKPIRST Backup interface reset
This bit is set and reset by software.
0: No reset
1: Reset backup interface
26 CANI1RST CANL1 reset
This bit is set and reset by software.
0: No reset
1: Reset the CAN1
25 CANORST CANO reset
This bit is set and reset by software.
0: No reset
1: Reset the CANO
24 12C2RST 12C2 reset

This bit is set and reset by software.

0: No reset
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23

22

21

20

19

18

17

16

15

14

USBDRST

I2C1RST

I2CORST

UART4RST

UART3RST

USARTZ2RST

USART1RST

Reserved

SPI2RST

SPI1RST

1: Reset the 12C2

USBD reset

This bit is set and reset by software.

0: No reset
1: Reset the USBD

12C1 reset

This bit is set and reset by software.

0: No reset
1: Reset the I12C1

12CO0 reset

This bit is set and reset by software.

0: No reset
1: Reset the 12C0

UART4 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART4

UART3 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART3

USART2 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART2

USART]1 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART1

Must be kept at reset value.

SPI2 reset

This bit is set and reset by software.

0: No reset
1: Reset the SPI2

SPI1 reset

This bit is set and reset by software.

0: No reset
1: Reset the SPI1
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13:12

11

10:9

Reserved

WWDGTRST

Reserved

TIMER13RST

TIMER12RST

TIMER11RST

TIMERG6RST

TIMER5RST

TIMER4RST

TIMER3RST

TIMER2RST

Must be kept at reset value.

WWDGT reset

This bit is set and reset by software.

0: No reset
1: Reset the WWDGT

Must be kept at reset value.

TIMER13 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER13

TIMER12 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER12

TIMERL11 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER11

TIMERG reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERG6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER5S

TIMERA4 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER4

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER3

TIMERZ2 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER2
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0 TIMER1RST TIMERL1 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER1

5.3.6. AHB enable register (RCU_AHBEN)

Address offset: 0x14
Reset value: 0x0000 0014

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

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

w w

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

FMCSPE SRAMSP
Reserved SDIOEN | Reserved | EXMCEN | Reserved | CRCEN | Reserved Reserved DMA1EN | DMAOEN
N EN
w w w w w w w

Bits Fields Descriptions
31 SQPIEN SQPI clock enable

This bit is set and reset by software.
0: Disabled SQPI clock
1: Enabled SQPI clock

30 TMUEN TMUEN clock enable
This bit is set and reset by software.
0: Disabled TMUEN clock
1: Enabled TMUEN clock

29:11 Reserved Must be kept at reset value.

10 SDIOEN SDIO clock enable
This bit is set and reset by software.
0: Disabled SDIO clock
1: Enabled SDIO clock

9 Reserved Must be kept at reset value.

8 EXMCEN EXMC clock enable
This bit is set and reset by software.
0: Disabled EXMC clock
1: Enabled EXMC clock

7 Reserved Must be kept at reset value.
6 CRCEN CRC clock enable
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5.3.7.

Reserved

FMCSPEN

Reserved

SRAMSPEN

DMA1EN

DMAOEN

This bit is set and reset by software.
0: Disabled CRC clock
1: Enabled CRC clock

Must be kept at reset value.

FMC clock enable when sleep mode

This bit is set and reset by software to enable/disable FMC clock during Sleep
mode.

0: Disabled FMC clock during Sleep mode

1: Enabled FMC clock during Sleep mode

Must be kept at reset value.

SRAM interface clock enable when sleep mode

This bit is set and reset by software to enable/disable SRAM interface clock during
Sleep mode.

0: Disabled SRAM interface clock during Sleep mode.

1: Enabled SRAM interface clock during Sleep mode

DMA1 clock enable

This bit is set and reset by software.
0: Disabled DMAL1 clock

1: Enabled DMAL clock

DMAO clock enable

This bit is set and reset by software.
0: Disabled DMAO clock

1: Enabled DMAO clock

APB2 enable register (RCU_APB2EN)

Address offset: 0x18
Reset value: 0x0000 0000

31

30

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

29

28

27

26

25

24

23

22

21

20

19

18

17

16

CMPEN

Reserved

SHRTIME

REN

USART5

EN

Reserved

TIMER16

EN

TIMER15

EN

TIMER14

EN

Reserved

TIMER10

EN

TIMERSE

N

TIMERSE

N

Reserved

15

14

rw

13

w

12

11

w

10

w

9

w

8

ADC2EN

USARTO

EN

TIMER7E

N

SPIOEN

TIMEROE

N

ADCIEN

ADCOEN

PGEN

PFEN

PEEN

PDEN

PCEN

PBEN

PAEN

Reserved

AFEN

Bits

w

rw

Fields

w

Descriptions

31

CMPEN

CMP clock enable
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30

29

28

27

26

25

24

23:22

21

20

19

Reserved

SHRTIMEREN

USARTS5EN

Reserved

TIMER16EN

TIMER15EN

TIMER14EN

Reserved

TIMER10EN

TIMER9EN

TIMERSEN

This bit is set and reset by software.

0: Disabled CMP clock
1: Enabled CMP clock

Must be kept at reset value

SHRTIMER clock enable

This bit is set and reset by software.

0: Disabled SHRTIMER clock
1: Enabled SHRTIMER clock

USARTS5 clock enable

This bit is set and reset by software.

0: Disabled USARTS5 clock
1: Enabled USARTS5 clock

Must be kept at reset value.

TIMER16 clock enable

This bit is set and reset by software.

0: Disabled TIMER16 clock
1: Enabled TIMER16 clock

TIMER15 clock enable

This bit is set and reset by software.

0: Disabled TIMER15 clock
1: Enabled TIMER15 clock

TIMER14 clock enable

This bit is set and reset by software.

0: Disabled TIMER14 clock
1: Enabled TIMER14 clock

Must be kept at reset value.

TIMER10 clock enable

This bit is set and reset by software.

0: Disabled TIMER10 clock
1: Enabled TIMER10 clock

TIMERS9 clock enable

This bit is set and reset by software.

0: Disabled TIMER9 clock
1: Enabled TIMER9 clock

TIMERS clock enable

This bit is set and reset by software.

0: Disabled TIMERS clock
1: Enabled TIMERS clock
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18:16

15

14

13

12

11

10

Reserved

ADC2EN

USARTOEN

TIMER7EN

SPIOEN

TIMEROEN

ADCI1EN

ADCOEN

PGEN

PFEN

PEEN

Must be kept at reset value.

ADC2 clock enable

This bit is set and reset by software.

0: Disabled ADC2 clock
1: Enabled ADC2 clock

USARTO clock enable

This bit is set and reset by software.

0: Disabled USARTO clock
1: Enabled USARTO clock

TIMERY clock enable

This bit is set and reset by software.

0: Disabled TIMER7 clock
1: Enabled TIMER7 clock

SPIO clock enable

This bit is set and reset by software.

0: Disabled SPIO clock
1: Enabled SPIO clock

TIMERO clock enable

This bit is set and reset by software.

0: Disabled TIMERO clock
1: Enabled TIMERO clock

ADC1 clock enable

This bit is set and reset by software.

0: Disabled ADC1 clock
1: Enabled ADC1 clock

ADCO clock enable

This bit is set and reset by software.

0: Disabled ADCO clock
1: Enabled ADCO clock

GPIO port G clock enable

This bit is set and reset by software.

0: Disabled GPIO port G clock
1: Enabled GPIO port G clock

GPIO port F clock enable

This bit is set and reset by software.

0: Disabled GPIO port F clock
1: Enabled GPIO port F clock

GPIO port E clock enable

This bit is set and reset by software.
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0: Disabled GPIO port E clock
1: Enabled GPIO port E clock
5 PDEN GPIO port D clock enable
This bit is set and reset by software.
0: Disabled GPIO port D clock
1: Enabled GPIO port D clock
4 PCEN GPIO port C clock enable
This bit is set and reset by software.
0: Disabled GPIO port C clock
1: Enabled GPIO port C clock
3 PBEN GPIO port B clock enable
This bit is set and reset by software.
0: Disabled GPIO port B clock
1: Enabled GPIO port B clock
2 PAEN GPIO port A clock enable
This bit is set and reset by software.
0: Disabled GPIO port A clock
1: Enabled GPIO port A clock
1 Reserved Must be kept at reset value.
0 AFEN Alternate function 10 clock enable
This bit is set and reset by software.
0: Disabled Alternate Function IO clock
1: Enabled Alternate Function IO clock
5.3.8. APB1 enable register (RCU_APB1EN)
Address offset: 0x1C
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UARTA4E | UART3E | USART2 | USART1
Reserved | DAC1EN | DACOEN | PMUEN | BKPIEN [ CAN1EN | CANOEN | I2C2EN [ USBDEN | I2C1EN | I12COEN Reserved
N N EN EN
w rw rw w w w rw w rw rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 [ TIMER12 | TIMER11 | TIMERGE | TIMERSE | TIMER4E | TIMER3E | TIMER2E | TIMER1E
SPI2EN | SPI1EN Reserved Reserved
EN EN EN EN N N N N N N
rw w w rw w rw w rw rw w rw w
Bits Fields Descriptions
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31

30

29

28

27

26

25

24

23

22

21

Reserved

DAC1EN

DACOEN

PMUEN

BKPIEN

CANI1EN

CANOEN

I2C2EN

USBDEN

I2C1EN

I2COEN

Must be kept at reset value.

DACI1 clock enable

This bit is set and reset by software.

0: Disabled DAC1 clock
1: Enabled DAC1 clock

DACO clock enable

This bit is set and reset by software.

0: Disabled DACO clock
1: Enabled DACO clock

PMU clock enable

This bit is set and reset by software.

0: Disabled PMU clock
1: Enabled PMU clock

Backup interface clock enable

This bit is set and reset by software.

0: Disabled backup interface clock
1: Enabled backup interface clock

CANL1 clock enable

This bit is set and reset by software.

0: Disabled CAN1 clock
1: Enabled CANL1 clock

CANO clock enable

This bit is set and reset by software.

0: Disabled CANO clock
1: Enabled CANO clock

12C2 clock enable

This bit is set and reset by software.

0: Disabled 12C2 clock
1: Enabled 12C2 clock

USBD clock enable

This bit is set and reset by software.

0: Disabled USBD clock
1: Enabled USBD clock

12C1 clock enable

This bit is set and reset by software.

0: Disabled 12C1 clock
1: Enabled I2C1 clock

12CO0 clock enable

This bit is set and reset by software.
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20

19

18

17

16

15

14

13:12

11

10:9

UART4EN

UART3EN

USARTZ2EN

USARTI1EN

Reserved

SPI2EN

SPI1EN

Reserved

WWDGTEN

Reserved

TIMER13EN

TIMER12EN

0: Disabled 12C0 clock
1: Enabled 12CO0 clock

UART4 clock enable

This bit is set and reset by software.

0: Disabled UART4 clock
1: Enabled UART4 clock

UARTS3 clock enable

This bit is set and reset by software.

0: Disabled UARTS3 clock
1: Enabled UARTS3 clock

USART2 clock enable

This bit is set and reset by software.

0: Disabled USART2 clock
1: Enabled USART2 clock

USART1 clock enable

This bit is set and reset by software.

0: Disabled USART1 clock
1: Enabled USART1 clock

Must be kept at reset value.

SPI2 clock enable

This bit is set and reset by software.

0: Disabled SPI2 clock
1: Enabled SPI2 clock

SPI1 clock enable

This bit is set and reset by software.

0: Disabled SPI1 clock
1: Enabled SPI1 clock

Must be kept at reset value.

WWDGT clock enable

This bit is set and reset by software.

0: Disabled WWDGT clock
1: Enabled WWDGT clock

Must be kept at reset value.

TIMER13 clock enable

This bit is set and reset by software.

0: Disabled TIMER13 clock
1: Enabled TIMER13 clock

TIMER12 clock enable
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This bit is set and reset by software.
0: Disabled TIMER12 clock
1: Enabled TIMER12 clock

6 TIMER11EN TIMER11 clock enable
This bit is set and reset by software.
0: Disabled TIMER11 clock
1: Enabled TIMER11 clock

5 TIMERGEN TIMERG clock enable
This bit is set and reset by software.
0: Disabled TIMER®6 clock
1: Enabled TIMERG clock

4 TIMERSEN TIMERS clock enable
This bit is set and reset by software.
0: Disabled TIMERS clock
1: Enabled TIMERS clock

3 TIMER4EN TIMERA4 clock enable
This bit is set and reset by software.
0: Disabled TIMERA4 clock
1: Enabled TIMER4 clock

2 TIMER3EN TIMERS clock enable
This bit is set and reset by software.
0: Disabled TIMERS clock
1: Enabled TIMERS3 clock

1 TIMER2EN TIMER2 clock enable
This bit is set and reset by software.
0: Disabled TIMER2 clock
1: Enabled TIMER2 clock

0 TIMER1EN TIMER1 clock enable
This bit is set and reset by software.
0: Disabled TIMER1 clock
1: Enabled TIMER1 clock

5.3.9. Backup domain control register (RCU_BDCTL)

Address offset: 0x20
Reset value: 0x0000 0018, reset by backup domain reset.

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

Note: The LXTALEN, LXTALBPS, RTCSRC and RTCEN bits of the backup domain control
register (RCU_BDCTL) are only reset after a backup domain reset. These bits can be
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modified only when the BKPWEN bit in the power control register 0 (PMU_CTLO) is set.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘ BKPRST ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LXTALBP | LXTALST
RTCEN Reserved RTCSRCJ[1:0] Reserved LXTALDRI[1:0] LXTALEN
S B
w w w w r w
Bits Fields Descriptions
31:17 Reserved Must be kept at reset value.
16 BKPRST Backup domain reset

This bit is set and reset by software.
0: No reset

1: Resets backup domain

15 RTCEN RTC clock enable
This bit is set and reset by software.
0: Disabled RTC clock
1: Enabled RTC clock

14:10 Reserved Must be kept at reset value.

9:8 RTCSRCJ1:0] RTC clock entry selection
Set and reset by software to control the RTC clock source. Once the RTC clock
source has been selected, it cannot be changed anymore unless the backup
domain is reset.
00: No clock selected
01: CK_LXTAL selected as RTC source clock
10: CK_IRCA40K selected as RTC source clock
11: (CK_HXTAL / 128) selected as RTC source clock

75 Reserved Must be kept at reset value.

4:3 LXTALDRI[1:0] LXTAL drive capability
Set and reset by software. Backup domain reset resets this value.
00: Lower driving capability
01: Medium low driving capability
10: Medium high driving capability
11: Higher driving capability (reset value)
Note: The LXTALDRI is not in bypass mode.

2 LXTALBPS LXTAL bypass mode enable
Set and reset by software.
0: Disable the LXTAL Bypass mode
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1: Enable the LXTAL Bypass mode
1 LXTALSTB Low speed crystal oscillator stabilization flag
Set by hardware to indicate if the LXTAL output clock is stable and ready for use.
0: LXTAL is not stable
1: LXTAL is stable
0 LXTALEN LXTAL enable
Set and reset by software.
0: Disable LXTAL
1: Enable LXTAL
5.3.10. Reset source/clock register (RCU_RSTSCK)
Address offset: 0x24
Reset value: 0xOCO00 0000, all reset flags reset by power reset only, RSTFC/IRC40KEN reset
by system reset.
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LP WWDGT | FWDGT SW POR EP BORRST
RSTFC Reserved
RSTF RSTF RSTF RSTF RSTF RSTF F
r r r r r r r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC40K | IRC40KE
Reserved
STB N
r w
Bits Fields Descriptions
31 LPRSTF Low-power reset flag
Set by hardware when Deep-sleep /standby reset generated.
Reset by writing 1 to the RSTFC bit.
0: No Low-power management reset generated
1: Low-power management reset generated
30 WWDGTRSTF Window watchdog timer reset flag
Set by hardware when a window watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No window watchdog reset generated
1: Window watchdog reset generated
29 FWDGTRSTF Free watchdog timer reset flag

Set by hardware when a free watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.

0: No free watchdog timer reset generated
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28

27

26

25

24

23:2

5.3.11.

SWRSTF

PORRSTF

EPRSTF

BORRSTF

RSTFC

Reserved

IRC40KSTB

IRC40KEN

1: free Watchdog timer reset generated

Software reset flag

Set by hardware when a software reset generated.
Reset by writing 1 to the RSTFC bit.

0: No software reset generated

1: Software reset generated

Power reset flag

Set by hardware when a power reset generated.
Reset by writing 1 to the RSTFC bit.

0: No power reset generated

1: Power reset generated

External pin reset flag

Set by hardware when an external pin reset generated.
Reset by writing 1 to the RSTFC bit.

0: No external pin reset generated

1: External pin reset generated

BOR reset flag

Set by hardware when a BOR reset generated.
Reset by writing 1 to the RSTFC bit.

0: No BOR reset generated

1: BOR reset generated

Reset flag clear

This bit is set by software to clear all reset flags.
0: Not clear reset flags

1: Clear reset flags

Must be kept at reset value.

IRC40K stabilization flag

Set by hardware to indicate if the IRC40K output clock is stable and ready for use.
0: IRC40K is not stable

1: IRC40K is stable

IRC40K enable

Set and reset by software.
0: Disable IRC40K

1: Enable IRC40K

AHB reset register (RCU_AHBRST)

Address offset: 0x28
Reset value: 0x0000 0000
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This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

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

w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bits Fields Descriptions
31 SQPIRST SQPI reset

This bit is set and reset by software.
0: No reset
1: Reset the SQPI

30 TMURST TMU reset
This bit is set and reset by software.
0: No reset
1: Reset the TMU

29:0 Reserved Must be kept at reset value.

5.3.12. Clock configuration register 1 (RCU_CFG1)

Address offset: 0x2C
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLPRES |ADCPSCJ[ SHRTIME
Reserved Reserved Reserved
EL 3] RSEL
w w 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 PLLPRESEL PLL clock source preselection

0: HXTAL selected as PLL source clock
1: CK_IRC48M selected as PLL source clock

29 ADCPSCJ3] Bit 3 of ADCPSC
see hits 15:14 of RCU_CFGO and bit 28 of RCU_CFGO0
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28:20 Reserved Must be kept at reset value.
19 SHRTIMERSEL SHRTIMER Clock Source Selection
Set and reset by software to control the SHRTIMER clock source.
0: APB2 clock selected as SHRTIMER source clock
1: System clock selected as SHRTIMER source clock
18:0 Reserved Must be kept at reset value.
5.3.13. Deep-sleep mode voltage register (RCU_DSV)
Address offset: 0x34
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DSLPVS[2:0]
rw
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2:0 DSLPVS[2:0] Deep-sleep mode voltage select
These bits are set and reset by software
000: The core voltage is 1.0V in Deep-sleep mode
001: The core voltage is 0.9V in Deep-sleep mode
010: The core voltage is 0.8V in Deep-sleep mode
011: The core voltage is 0.7V in Deep-sleep mode
1xx: Reserved
5.3.14. Additional clock control register (RCU_ADDCTL)
Address offset: 0xC0O
Reset value: 0x8000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IRC48MS | IRC48ME
IRC48MCALIB[7:0] Reserved
B N
r r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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CK48MS
Reserved
EL
w
Bits Fields Descriptions
31:24 IRC48MCALIB [7:0] Internal 48MHz RC oscillator calibration value register
These bits are load automatically at power on.
23:18 Reserved Must be kept at reset value.
17 IRC48MSTB Internal 48MHz RC oscillator clock stabilization flag
Set by hardware to indicate if the IRC48M oscillator is stable and ready for use.
0: IRC48M is not stable
1: IRC48M is stable
16 IRC48MEN Internal 48MHz RC oscillator enable
Set and reset by software. Reset by hardware when entering Deep-sleep or
Standby mode.
0: IRC48M disable
1: IRC48M enable
15:1 Reserved Must be kept at reset value.
0 CK48MSEL 48MHz clock selection
Set and reset by software. This bit used to generate CK48M clock which select
IRC48M clock or PLL48M clock.
0: Don't select IRC48M clock(use CK_PLL clock divided by USBDPSC)
1: Select IRC48M clock
5.3.15. Additional clock interrupt register (RCU_ADDINT)
Address offset: OxCC
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IRC48MS
Reserved Reserved
TBIC
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC48MS IRC48MS
Reserved Reserved Reserved
TBIE TBIF
w r
Bits Fields Descriptions
31:23 Reserved Must be kept at reset value.
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22 IRC48MSTBIC Internal 48 MHz RC oscillator Stabilization interrupt clear
Write 1 by software to reset the IRC48MSTBIF flag.
0: Not reset IRC48MSTBIF flag
1: Reset IRC48MSTBIF flag

21:15 Reserved Must be kept at reset value.

14 IRC48MSTBIE Internal 48 MHz RC oscillator stabilization interrupt enable
Set and reset by software to enable/disable the IRC48M stabilization interrupt
0: Disable the IRC48M stabilization interrupt
1: Enable the IRC48M stabilization interrupt

13:7 Reserved Must be kept at reset value.

6 IRC48MSTBIF IRC48M stabilization interrupt flag
Set by hardware when the Internal 48 MHz RC oscillator clock is stable and the
IRC48MSTBIE bit is set.
Reset by software when setting the IRC48MSTBIC bit.
0: No IRC48M stabilization interrupt generated
1: IRC48M stabilization interrupt generated

5:0 Reserved Must be kept at reset value.

5.3.16. PLL clock spread spectrum control register (RCU_PLLSSCTL)

Address offset: 0xDO
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
The spread spectrum modulation is available only for the main PLL clock
The RCU_PLLSSCTL register must be written when the main PLL is disabled

This register is used to configure the PLL spread spectrum clock generation according to the
following formulas:

MODCNT = round(feLrin/4/fmod)
MODSTEP = round(mdamp*PLLN*2'5/(MODCNT*100))

Where feLuin represents the PLL input clock frequency, fmod represents the spread spectrum
modulation frequency, mdamp represents the spread spectrum modulation amplitude
expressed as a percentage, PLLN represents the PLL clock frequency multiplication factor.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ SSCGON ‘SSfTYPE ‘ Reserved ‘ MODSTEP[14:3]

w w w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ MODSTEP[2:0] ‘ MODCNT[12:0]
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w w
Bits Fields Descriptions
31 SSCGON PLL spread spectrum modulation enable
0: Spread spectrum modulation disable
1: Spread spectrum modulation enable
30 SS_TYPE PLL spread spectrum modulation type select
0: Center spread selected
1: Down spread selected
29:28 Reserved Must be kept at reset value.
27:13 MODSTEP[14:0] These bits configure PLL spread spectrum modulation profile amplitude and
frequency. The following criteria must be met: MODSTEP*MODCNT<2%5-1.
12:0 MODCNT[12:0] These bits configure PLL spread spectrum modulation profile amplitude and
frequency. The following criteria must be met: MODSTEP*MODCNT=<215-1,
5.3.17. Clock configuration register 2 (RCU_CFG2)
Address offset: 0xD4
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved 12C2SEL[1:0] Reserved USARTS5SEL[1:0] |
w w
Bits Fields Descriptions
316 Reserved Must be kept at reset value.
5:4 12C2SEL[1:0] 12C2 Clock Source Selection
Set and reset by software to control the 12C2 clock source.
00: APBL1 clock selected as 12C2 source clock
01: System clock selected as 12C2 source clock
1x: CK_IRC8M clock selected as 12C2 source clock
3:2 Reserved Must be kept at reset value.
1.0 USARTS5SEL[1:0] USARTS5 Clock Source Selection

Set and reset by software to control the USARTS5 clock source.
00: CK_APB2 selected as USART5 source clock
01: CK_SYS selected as USARTS5 source clock
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10: CK_LXTAL selected as USART5 source clock
11: CK_IRC8M selected as USARTS5 source clock

5.3.18. APB1 additional reset register (RCU_ADDAPB1RST)

Address offset: OXEQ
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTC
Reserved Reserved
RST
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27 CTCRST CTC reset
This bit is set and reset by software.
0: No reset
1: Reset CTC
26:0 Reserved Must be kept at reset value.

5.3.19. APB1 additional enable register (RCU_ADDAPB1EN)

Address offset: OxE4
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTC
Reserved Reserved
EN
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27 CTCEN CTC clock enable
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This bit is set and reset by software.
0: Disabled CTC clock
1: Enabled CTC clock

26:0 Reserved Must be kept at reset value.
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5.4.

5.4.1.

5.4.2.

Connectivity line devices: reset and clock control unit (RCU)

Reset control unit (RCTL)

Overview

GD32E51x reset control includes the control of three kinds of reset: power reset, system reset
and backup domain reset. The power reset, known as a cold reset, resets the full system
except the backup domain. The system reset resets the processor core and peripheral IP
components except for the SW-DP controller and the Backup domain. The backup domain
reset resets the backup domain. These resets can be triggered by an external signal, internal
events and the reset generators. More information about these resets will be described in the
following sections.

Function overview

Power reset

The power reset is generated by either an external reset as power on and power down reset
(POR/PDR reset) or by the internal reset generator when exiting Standby mode. The power
reset sets all registers to their reset values except the backup domain. The power reset whose
active signal is low, it will be de-asserted when the internal LDO voltage regulator is ready to
provide 1.1V power. The reset service routine vector is fixed at address 0x0000_0004 in the
memory map.

System reset

A system reset is generated by the following events:

A power reset (POWER_RSTn).

A external pin reset (NRST).

A window watchdog timer reset WWDGT_RSTn).

A free watchdog timer reset (FWDGT_RSTn).

The SYSRESETREQ bit in Cortex®-M33 application interrupt and reset control register

is set (SW_RSTn).

B Reset generated when entering Standby mode when resetting nRST_STDBY bit in user
option bytes (OB_STDBY_RSTn).

B Reset generated when entering Deep-sleep mode when resetting nRST_DPSLP bit in

user option bytes (OB_DPSLP_RSTn).

A system reset resets the processor core and peripheral IP components except for the SW-
DP controller and the backup domain.

A system reset pulse generator guarantees low level pulse duration of 20 s for each reset
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source (external or internal reset).

Figure 5-5. The system reset circuit

NRST !

min 20 us
pulse [—® System Reset

FWDGT_RSThH———mm
- generator

SW_RSTn
OB_STDBY_RSTn

OB_DPSLP_RSTn
OBL_RSTn

Backup domain reset

A backup domain reset is generated by setting the BKPRST bit in the backup domain control
register or backup domain power on reset (Voo or Vear power on, if both supplies have
previously been powered off).

5.5. Clock control unit (CCTL)

55.1. Overview

The clock control unit provides a range of frequencies and clock functions. These include a
Internal 8M RC oscillator (IRC8M), a Internal 48M RC oscillator (IRC48M), a High Speed
crystal oscillator (HXTAL), a Low Speed Internal 40K RC oscillator (IRC40K), a Low Speed
crystal oscillator (LXTAL), four Phase Lock Loop (PLL), a HXTAL clock monitor, clock
prescalers, clock multiplexers and clock gating circuitry.

The clocks of the AHB, APB and Cortex®-M33 are derived from the system clock (CK_SYS)
which can source from the IRC8M, HXTAL or PLL. The maximum operating frequency of the
system clock (CK_SYS) can be up to 180 MHz.
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Figure 5-6. Clock tree
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The frequency of AHB, APB2 and the APB1 domains can be configured by each prescaler.
The maximum frequency of the AHB, APB2 and APB1 domains is 180 MHz / 180 MHz / 90
MHz. The Cortex® System Timer (SysTick) external clock is clocked with the AHB clock
(HCLK) divided by 8. The SysTick can work either with this clock or with the AHB clock (HCLK),
configurable in the systick control and status register.

The ADCs are clocked by the clock of APB2 divided by 2, 4, 6, 8, 12, 16 or by the clock of
AHB divided by 5, 6, 10, 20, which defined by ADCPSC in RCU_CFGO0 and RCU_CFG1
register.

The USARTS5 is clocked by IRC8M clock or LXTAL clock or system clock or APB2 clock, which
selected by USART5SEL bits in configuration register 2 (RCU_CFG2).
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The 12C2 is clocked by IRC8M clock or system clock or APB1 clock, which selected by
I2C28SEL bits in configuration register 2 (RCU_CFG2).

The SDIO, EXMC are clocked by the clock of CK_AHB.

The TIMERSs are clocked by the clock divided from CK_APB2 and CK_APB1. The frequency
of TIMERs clock is equal to CK_APBx(APB prescaler is 1), twice the CK_APBx(APB
prescaler is not 1).

The PLLUSB is clocked by the clock of HXTAL or the clock of IRC48M which defined by
PLLUSBPRESEL bit in RCC_ADDCFG register. The maximum operating frequency of the
CK_PLLUSB can be up to 480 MHz.

The USBHS is clocked by external PHY clock or internal crystal clock, which select by
EMBPHY in USBHS _GUSBCS register.

The CTC is clocked by the clock of IRC48M. The IRC48M can be automatically trimmed by
CTC unit.

The 12S is clocked by the clock of CK_SYS or (PLL2 * 2) which defined by I2SxSEL bit in
RCU_CFG1 register.

The ENET TX/RX are clocked by External PIN (ENET_TX_CLK / ENET_RX_CLK), which
select by ENET_PHY_SEL bit in AFIO_PCFO register.

The RTC is clocked by LXTAL clock or IRC40K clock or HXTAL clock divided by 128 (defined
which select by RTCSRC bit in backup domain control register (RCU_BDCTL). After the RTC
select HXTAL clock divided by 128, the clock disappeared when the 1.1V core domain power
off. After the RTC select IRC40K, the clock disappeared when Voo power off. After the RTC
select LXTAL, the clock disappeared when Vpp and Vear power off.

The FWDGT is clocked by IRC40K clock, which is forced on when FWDGT started.
The FMC is clocked by IRC8M clock, which is forced on when IRC8M started.

The SHRTIMER is clocked by the clock of CK_APB2 or CK_SYS which defined by
SHRTIMERSEL bit in RCU_CFGH1 register.

If the SHRTIMER high-resolution mode is not required, the SHRTIMERSEL bit in the
RCU_CFG1 register can remain cleared. In this case, the CNTCKDIV[2:0] value in the
SHRTIMER_MTCTLO register must be at least 5 (prescaler ratio of 64 or greater).

When high-resolution mode is required for the SHRTIMER, the source of system clock source
must be selected as PLL, and the SHRTIMERSEL bit in the RCU_CFG1 register must be set
to 1 to select CK_SYS as the clock source. In this scenario, any value can be used for
CNTCKDIV[2:0] in the SHRTIMER_MTCTLO register.

Note: For high-resolution configuration, the AHB and APB2 prescalers (AHBPSC[3:0] and
APB2PSC[2:0] bits in the RCU_CFGO register) must be set to maintain a proportional
relationship of 1, 2, or 4 between the system clock CK_SYS and the APB2 clock PCLK2.
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5.5.2.

5.5.3.

Characteristics

4 to 32 MHz high speed crystal oscillator (HXTAL).
Internal 8 MHz RC oscillator (IRC8M).

Internal 48 MHz RC oscillator (IRC48M).

32,768 Hz low speed crystal oscillator (LXTAL).
Internal 40KHz RC oscillator (IRC40K).

PLL clock source can be HXTAL, IRC8M orIRC48M.
HXTAL clock monitor.

Function overview

High speed crystal oscillator (HXTAL)

The high speed external crystal oscillator (HXTAL), which has a frequency from 4 to 32 MHz,
produces a highly accurate clock source for use as the system clock. A crystal with a specific
frequency must be connected and located close to the two HXTAL pins. The external resistor
and capacitor components connected to the crystal are necessary for proper oscillation.

Figure 5-7. HXTAL clock source

OSCIN oscouTt

— Y

i

Crystal
c1—”—— —_— c2

The HXTAL crystal oscillator can be switched on or off using the HXTALEN bit in the control
register RCU_CTL. The HXTALSTB flag in control register RCU_CTL indicates if the high-
speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be
released for use until this HXTALSTB bit is set by the hardware. This specific delay period is
known as the oscillator “Start-up time” . As the HXTAL becomes stable, an interrupt will be
generated if the related interrupt enable bit HXTALSTBIE in the interrupt register RCU_INT is
set. At this point the HXTAL clock can be used directly as the system clock source or the PLL
input clock.

Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the
control register RCU_CTL. During bypass mode, the signal is connected to OSCIN, and
OSCOUT remains in the suspended state, as shown in Figure 5-8. HXTAL clock source in
bypass mode. The CK_HXTAL is equal to the external clock which drives the OSCIN pin.
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Figure 5-8. HXTAL clock source in bypass mode
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Internal 8M RC oscillators (IRC8M)

The internal 8M RC oscillator, IRC8M, has a fixed frequency of 8 MHz and is the default clock
source selection for the CPU when the device is powered up. The IRC8M oscillator provides
a lower cost type clock source as no external components are required. The IRC8M RC
oscillator can be switched on or off using the IRC8MEN bit in the control register RCU_CTL.
The IRC8MSTB flag in the control register RCU_CTL is used to indicate if the internal 8M RC
oscillator is stable. The start-up time of the IRC8M oscillator is shorter than the HXTAL crystal
oscillator. An interrupt can be generated if the related interrupt enable bit, IRC8MSTBIE, in
the clock interrupt register, RCU_INT, is set when the IRC8M becomes stable. The IRC8M
clock can also be used as the system clock source or the PLL input clock.

The frequency accuracy of the IRC8M can be calibrated by the manufacturer, but its operating
frequency is still less accurate than HXTAL. The application requirements, environment and
cost will determine which oscillator type is selected.

If the HXTAL or PLL is the system clock source, to minimize the time required for the system
to recover from the Deep-sleep Mode, the hardware forces the IRC8M clock to be the system
clock when the system initially wakes-up.

Internal 48M RC oscillators (IRC48M)

The internal 48M RC oscillator, IRC48M, has a fixed frequency of 48 MHz. The IRC48M
oscillator provides a lower cost type clock source as no external components are required
when PLLUSB/USBHS used. The IRC48M RC oscillator can be switched on or off using the
IRC48MEN bit in the RCU_ADDCTL Register. The IRC48MSTB flag in the RCU_ADDCTL
register is used to indicate if the internal 48M RC oscillator is stable. An interrupt can be
generated if the related interrupt enable bit, IRC48MSTBIE, in the RCU_ADDINT register, is
set when the IRC48M becomes stable. The IRC48M clock is used for the clocks of
PLLUSB/USBHS.

The frequency accuracy of the IRC48M can be calibrated by the manufacturer, but its
operating frequency is still not enough accurate because the USB need the frequency must
between 48MHz with 500ppm accuracy. A hardware automatically dynamic trim performed in
CTC unit adjust the IRC48M to the needed frequency.
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Phase locked loop (PLL)

There are four internal Phase Locked Loop, the PLL, PLL1, PLL2, and PLLUSB.

The PLL can be switched on or off by using the PLLEN bit in the RCU_CTL register. The
PLLSTB flag in the RCU_CTL register will indicate if the PLL clock is stable. An interrupt can
be generated if the related interrupt enable bit, PLLSTBIE, in the RCU_INT Register, is set
as the PLL becomes stable.

The PLL1 can be switched on or off by using the PLL1EN bit in the RCU_CTL register. The
PLL1STB flag in the RCU_CTL register will indicate if the PLL1 clock is stable. An interrupt
can be generated if the related interrupt enable bit, PLL1STBIE, in the RCU_INT Register, is
set as the PLL1 becomes stable.

The PLL2 can be switched on or off by using the PLL2EN bit in the RCU_CTL register. The
PLL2STB flag in the RCU_CTL register will indicate if the PLL2 clock is stable. An interrupt
can be generated if the related interrupt enable bit, PLL2STBIE, in the RCU_INT register, is
set as the PLL2 becomes stable.

The PLLUSB can be switched on or off by using the PLLUSBEN bit in the RCU_ADDCTL
Register. The PLLUSBSTB flag in the RCU_ADDCTL Register will indicate if the PLLUSB
clock is stable. An interrupt can be generated if the related interrupt enable bit, PLLUSBSTBIE,
in the RCU_ADDINT register, is set as the PLLUSB becomes stable.

The four PLLs are closed by hardware when entering the Deepsleep/Standby mode or HXTAL
monitor fail when HXTAL used as the source clock of the PLLs.

Low speed crystal oscillator (LXTAL)

The low speed external crystal or ceramic resonator oscillator, which has a frequency of
32,768 Hz, produces a low power but highly accurate clock source for the real time clock
circuit. The LXTAL oscillator can be switched on or off using the LXTALEN bit in the backup
domain control register (RCU_BDCTL). The LXTALSTB flag in the backup domain control
register (RCU_BDCTL) will indicate if the LXTAL clock is stable. An interrupt can be generated
if the related interrupt enable bit, LXTALSTBIE, in the interrupt register RCU_INT is set when
the LXTAL becomes stable.

Select external clock bypass mode by setting the LXTALBPS and LXTALEN bits in the backup
domain control register (RCU_BDCTL). The CK_LXTAL is equal to the external clock which
drives the OSC32IN pin.

Internal 40K RC oscillator (IRC40K)

The internal RC oscillator has a frequency of about 40 kHz and is a low power clock source
for the real time clock circuit or the free watchdog timer. The IRC40K offers a low cost clock
source as no external components are required. The IRC40K RC oscillator can be switched
on or off by using the IRC40KEN bit in the reset source/clock register (RCU_RSTSCK). The

IRC40KSTB flag in the reset source/clock register RCU_RSTSCK will indicate if the IRC40K
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clock is stable. An interrupt can be generated if the related interrupt enable bit IRC40KSTBIE
in the clock interrupt register (RCU_INT) is set when the IRC40K becomes stable.

The IRC40K can be trimmed by TIMER4_CHS3, user can get the clocks frequency, and adjust
the RTC and FWDGT counter. Please refer to TIMER4CH3_IREMAP in AFIO_PCFO register.

System clock (CK_SYS) selection

After the system reset, the default CK_SYS source will be IRC8M and can be switched to
HXTAL or CK_PLL by changing the system clock switch bits, SCS, in the clock configuration
register 0, RCU_CFGO0. When the SCS value is changed, the CK_SYS will continue to
operate using the original clock source until the target clock source is stable. When a clock
source is directly or indirectly (by PLL) used as the CK_SYS, it is not possible to stop it.

HXTAL clock monitor (CKM)

The HXTAL clock monitor function is enabled by the HXTAL clock monitor rnable bit, CKMEN,
in the control register (RCU_CTL). This function should be enabled after the HXTAL start-up
delay and disabled when the HXTAL is stopped. Once the HXTAL failure is detected, the
HXTAL will be automatically disabled. The HXTAL clock stuck interrupt flag, CKMIF, in the
clock interrupt register, RCU_INT, will be set and the HXTAL failure event will be generated.
This failure interrupt is connected to the non-maskable Interrupt, NMI, of the Cortex®-M33. If
the HXTAL is selected as the clock source of CK_SYS, PLL and CK_RTC, the HXTAL failure
will force the CK_SYS source to IRC8M, the PLL will be disabled automatically. If the HXTAL
is selected as the clock source of RTC, the HXTAL failure will reset the RTC clock selection.

Clock output capability

The clock output capability is ranging from 0.09375 MHz to 180 MHz. There are several clock
signals can be selected via the CK_OUTO clock source selection bits, CKOUTOSEL, in the
clock configuration register 0 (RCU_CFGO0). The corresponding GPIO pin should be
configured in the properly alternate function 1/0 (AFIO) mode to output the selected clock
signal.

Table 5-3. Clock output 0 source select

Clock source 0 selection bits Clock source

00xx NO CLK
0100 CK_SYS
0101 CK_IRC8M
0110 CK_HXTAL
0111 CK_PLL/2
1000 CK_PLL1
1001 CK_PLL2/2
1010 EXT1
1011 CK_PLL2
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Clock source 0 selection bits Clock source
1100 CK_IRC48M
1101 CK_IRC48M/8
1110 CK_PLLUSB/32

Voltage control

The 1.1V domain voltage in Deep-sleep mode can be controlled by DSLPVS[2:0] bit in the
Deep-sleep mode voltage register (RCU_DSV).

Table 5-4. 1.1V domain voltage selected in deep-sleep mode

DSLPVS[2:0] Deep-sleep mode voltage(V)
000 1.0
001 0.9
010 0.8
011 0.7
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5.6. Register definition
RCU base address: 0x4002 1000
5.6.1. Control register (RCU_CTL)
Address offset: 0x00
Reset value: 0x0000 XX83 where X is undefined.
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL HXTALB |HXTALST| HXTALE
Reserved PLL2STB | PLL2EN [PLL1STB| PLL1EN | PLLSTB Reserved CKMEN
EN PS B N
r w r w r w 12 w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC8MST
IRC8MCALIBJ[7:0] IRC8MADJ[4:0] Reserved IRC8MEN
B
r w r w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 PLL2STB PLL2 clock stabilization flag
Set by hardware to indicate if the PLL2 output clock is stable and ready for use.
0: PLL2 is not stable
1: PLL2 is stable
28 PLL2EN PLL2 enable
Set and reset by software. Reset by hardware when entering Deep-sleep or Standby
mode.
0: PLL2 is switched off
1: PLL2 is switched on
27 PLL1STB PLL1 clock stabilization flag
Set by hardware to indicate if the PLL1 output clock is stable and ready for use.
0: PLL1 is not stable
1: PLL1 is stable
26 PLL1EN PLL1 enable
Set and reset by software. Reset by hardware when entering Deep-sleep or Standby
mode.
0: PLL1 is switched off
1: PLL1 is switched on
25 PLLSTB PLL clock stabilization flag

Set by hardware to indicate if the PLL output clock is stable and ready for use.
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0: PLL is not stable
1: PLL is stable

24 PLLEN PLL enable
Set and reset by software. This bit cannot be reset if the PLL clock is used as the
system clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: PLL is switched off
1: PLL is switched on

23:20 Reserved Must be kept at reset value.

19 CKMEN HXTAL clock monitor enable
0: Disable the High speed 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor
1: Enable the High speed 4 ~ 32 MHz crystal oscillator (HXTAL) clock monitor
When the hardware detects that the HXTAL clock is stuck at a low or high state, the
internal hardware will switch the system clock to be the internal high speed IRC8M
RC clock. The way to recover the original system clock is by either an external reset,
power on reset or clearing CKMIF by software.
Note: When the HXTAL clock monitor is enabled, the hardware will automatically
enable the IRC8M internal RC oscillator regardless of the control bit, IRC8MEN,
state.

18 HXTALBPS High speed crystal oscillator (HXTAL) clock bypass mode enable
The HXTALBPS bit can be written only if the HXTALEN is O.
0: Disable the HXTAL Bypass mode
1: Enable the HXTAL Bypass mode in which the HXTAL output clock is equal to the
input clock.

17 HXTALSTB High speed crystal oscillator (HXTAL) clock stabilization flag
Set by hardware to indicate if the HXTAL oscillator is stable and ready for use.
0: HXTAL oscillator is not stable
1: HXTAL oscillator is stable

16 HXTALEN High speed crystal oscillator (HXTAL) Enable
Set and reset by software. This bit cannot be reset if the HXTAL clock is used as
the system clock or the PLL input clock when PLL clock is selected to the system
clock. Reset by hardware when entering Deep-sleep or Standby mode.
0: High speed 4 ~ 32 MHz crystal oscillator disabled
1: High speed 4 ~ 32 MHz crystal oscillator enabled

15:8 IRC8BMCALIB[7:0] Internal 8MHz RC Oscillator calibration value register
These bits are load automatically at power on.

7:3 IRC8MADJ[4:0] Internal 8MHz RC Oscillator clock trim adjust value

These bits are set by software. The trimming value is these bits (IRC8MADJ) added
to the IRC8MCALIBJ[7:0] bits. The trimming value should trim the IRC8M to 8 MHz
+1%.
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2 Reserved Must be kept at reset value.
1 IRC8MSTB IRC8M internal 8MHz RC oscillator stabilization flag
Set by hardware to indicate if the IRC8M oscillator is stable and ready for use.
0: IRC8M oscillator is not stable
1: IRC8M oscillator is stable
0 IRCSBMEN Internal 8MHz RC oscillator enable
Set and reset by software. This bit cannot be reset if the IRC8M clock is used as
the system clock. Set by hardware when leaving Deep-sleep or Standby mode or
the HXTAL clock is stuck at a low or high state when CKMEN is set.
0: Internal 8 MHz RC oscillator disabled
1: Internal 8 MHz RC oscillator enabled
5.6.2. Clock configuration register 0 (RCU_CFGO0)
Address offset: 0x04
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
USBHSP ADCPSC| PREDVO
PLLMF[5:4] CKOUTOSEL[3:0] USBHSPSC[1:0] PLLMF[3:0] PLLSEL
scl2] 2] _LsB
rw rw w w rw rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPSCI[1:0] APB2PSCI[2:0] APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0]
w w rw rw r rw
Bits Fields Descriptions
31 USBHSPSC|2] Bit 2 of USBHSPSC
see bits 23:22 of RCU_CFGO0
30:29 PLLMF[5:4] Bit 5 and Bit 4 of PLLMF
see bits 21:18 of RCU_CFGO
28 ADCPSCI[2] Bit 2 of ADCPSC
see bits 15:14 of RCU_CFGO
27:24 CKOUTOSEL[3:0] CKOUTO clock source selection

Set and reset by software.

00xx: No clock selected

0100: System clock selected

0101: Internal 8MHz RC Oscillator clock selected
0110: External High Speed oscillator clock selected
0111: (CK_PLL / 2) clock selected

1000: CK_PLL1 clock selected

142




Z

GigaDevice GD32E51x User Manual

1001: CK_PLL2 clock divided by 2 selected

1010: EXT1 selected, to provide the external clock for ENET
1011: CK_PLL2 clock selected

1100: CK_IRC48M clock selected

1101: (CK_IRC48M / 8) clock selected

1110: (CK_PLLUSB / 32) clock selected

23:22 USBHSPSCJ1:0] USBHS clock prescaler selection
Set and reset by software to control the USBHS clock prescaler value. The USBHS
clock must be 48MHz. These bits can’t be reset if the USBHS clock is enabled.
000: CK_USBHS =CK_PLL/15
001: CK_USBHS = CK_PLL
010: CK_USBHS = CK_PLL /2.5
011: CK_USBHS =CK_PLL /2
100: CK_USBHS =CK_PLL /3
101: CK_USBHS = CK_PLL /3.5
11x:CK_USBHS =CK_PLL/4

21:18 PLLMF[3:0] The PLL clock multiplication factor
Bit 29, bit 30 of RCU_CFGO0 and these bits are written by software to define the PLL
multiplication factor
Note: The PLL output frequency must not exceed 180 MHz
000000: (PLL source clock x 2)
000001: (PLL source clock x 3)
000010: (PLL source clock x 4)
000011: (PLL source clock x 5)
000100: (PLL source clock x 6)
000101: (PLL source clock x 7)
000110: (PLL source clock x 8)
000111: (PLL source clock x 9)
001000: (PLL source clock x 10)
001001: (PLL source clock x 11)
001010: (PLL source clock x 12)
001011: (PLL source clock x 13)
001100: (PLL source clock x 14)
001101: (PLL source clock x 6.5)
001110: (PLL source clock x 16)
001111: (PLL source clock x 16)
010000: (PLL source clock x 17)
010001: (PLL source clock x 18)
010010: (PLL source clock x 19)
010011: (PLL source clock x 20)
010100: (PLL source clock x 21)
010101: (PLL source clock x 22)
010110: (PLL source clock x 23)
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17

16

15:14

13:11

PREDVO_LSB

PLLSEL

ADCPSC[1:0]

APB2PSC[2:0]

010111: (PLL source clock x 24)
011000: (PLL source clock x 25)
011001: (PLL source clock x 26)
011010: (PLL source clock x 27)
011011: (PLL source clock x 28)
011100: (PLL source clock x 29)
011101: (PLL source clock x 30)
011110: (PLL source clock x 31)
011111: (PLL source clock x 32)
100000: (PLL source clock x 33)
100001: (PLL source clock x 34)

111110: (PLL source clock x 63)
111111: (PLL source clock x 64)

The LSB of PREDVO division factor

This bitis the same bit as PREDVO division factor bit [0] from RCU_CFG1. Changing
the PREDVO division factor bit [0] from RCU_CFG1, this bit is also changed. When
the PREDVO division factor bits [3:1] are not set, this bit controls clock of PLL
PREDVO input clock divided by 2 or not.

PLL clock source selection

Set and reset by software to control the PLL clock source.

0: (IRC8M / 2) clock selected as source clock of PLL

1: HXTAL or IRC48M (PLLPRESEL of RCU_CFGL1 register) selected as source
clock of PLL

ADC clock prescaler selection

These bits, bit 28 of RCU_CFGO0 and bit 29 of RCU_CFG1 are written by software
to define the ADC prescaler factor.Set and cleared by software.
0000: (CK_APB2 / 2) selected

0001: (CK_APB2 / 4) selected

0010: (CK_APB2 / 6) selected

0011: (CK_APB2/ 8) selected

0100: (CK_APB2 / 2) selected

0101: (CK_APB2/ 12) selected

0110: (CK_APB2/ 8) selected

0111: (CK_APB2/ 16) selected

1x00: (CK_AHB / 5) selected

1x01: (CK_AHB / 6) selected

1x10: (CK_AHB / 10) selected

1x11: (CK_AHB / 20) selected

APB2 prescaler selection
Set and reset by software to control the APB2 clock division ratio.
Oxx: CK_AHB selected
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10:8

74

3.2

1:0

APB1PSC[2:0]

AHBPSCI[3:0]

SCSS[1:0]

SCS[1:0]

100: (CK_AHB / 2) selected
101: (CK_AHB / 4) selected
110: (CK_AHB/ 8) selected
111: (CK_AHB/ 16) selected

APBL1 prescaler selection

Set and reset by software to control the APB1 clock division ratio.
Oxx: CK_AHB selected

100: (CK_AHB / 2) selected

101: (CK_AHB / 4) selected

110: (CK_AHB / 8) selected

111: (CK_AHB / 16) selected

AHB prescaler selection

Set and reset by software to control the AHB clock division ratio
Oxxx: CK_SYS selected

1000: (CK_SYS / 2) selected
1001: (CK_SYS/ 4) selected
1010: (CK_SYS/ 8) selected
1011: (CK_SYS/ 16) selected
1100: (CK_SYS / 64) selected
1101: (CK_SYS /128) selected
1110: (CK_SYS / 256) selected
1111: (CK_SYS /512) selected

System clock switch status

Set and reset by hardware to indicate the clock source of system clock.
00: Select CK_IRC8M as the CK_SYS source

01: Select CK_HXTAL as the CK_SYS source

10: Select CK_PLL as the CK_SYS source

11: Reserved

System clock switch

Set by software to select the CK_SYS source. Because the change of CK_SYS has
inherent latency, software should read SCSS to confirm whether the switching is
complete or not. The switch will be forced to IRC8M when leaving Deep-sleep and
Standby mode or HXTAL failure is detected by HXTAL clock monitor when HXTAL
is selected directly or indirectly as the clock source of CK_SYS.

00: Select CK_IRC8M as the CK_SYS source

01: Select CK_HXTAL as the CK_SYS source

10: Select CK_PLL as the CK_SYS source

11: Reserved
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5.6.3. Clock interrupt register (RCU_INT)
Address offset: 0x08
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIC
STBIC STBIC STBIC STBIC STBIC STBIC STBIC
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIF
STBIE STBIE STBIE STBIE STBIE STBIE STBIE STBIF STBIF STBIF STBIF STBIF STBIF STBIF
w w w w w w w r r r r r r r r
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23 CKMIC HXTAL clock stuck interrupt clear
Write 1 by software to reset the CKMIF flag.
0: Not reset CKMIF flag
1: Reset CKMIF flag
22 PLL2STBIC PLL2 stabilization interrupt clear
Write 1 by software to reset the PLL2STBIF flag.
0: Not reset PLL2STBIF flag
1: Reset PLL2STBIF flag
21 PLL1STBIC PLL1 stabilization interrupt clear
Write 1 by software to reset the PLL1STBIF flag.
0: Not reset PLL1STBIF flag
1: Reset PLL1STBIF flag
20 PLLSTBIC PLL stabilization interrupt clear
Write 1 by software to reset the PLLSTBIF flag.
0: Not reset PLLSTBIF flag
1: Reset PLLSTBIF flag
19 HXTALSTBIC HXTAL stabilization interrupt clear
Write 1 by software to reset the HXTALSTBIF flag.
0: Not reset HXTALSTBIF flag
1: Reset HXTALSTBIF flag
18 IRC8MSTBIC IRC8M stabilization interrupt clear

Write 1 by software to reset the IRC8MSTBIF flag.

0: Not reset IRC8BMSTBIF flag
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17

16

15

14

13

12

11

10

LXTALSTBIC

IRC40KSTBIC

Reserved

PLL2STBIE

PLL1STBIE

PLLSTBIE

HXTALSTBIE

IRC8MSTBIE

LXTALSTBIE

IRC40KSTBIE

1: Reset IRCBMSTBIF flag

LXTAL stabilization interrupt clear

Write 1 by software to reset the LXTALSTBIF flag.
0: Not reset LXTALSTBIF flag

1: Reset LXTALSTBIF flag

IRC40K stabilization interrupt clear

Write 1 by software to reset the IRC40KSTBIF flag.
0: Not reset IRC40KSTBIF flag

1: Reset IRC40KSTBIF flag

Must be kept at reset value.

PLL2 stabilization interrupt enable

Set and reset by software to enable/disable the PLL2 stabilization interrupt.
0: Disable the PLL2 stabilization interrupt

1: Enable the PLL2 stabilization interrupt

PLL1 stabilization interrupt enable

Set and reset by software to enable/disable the PLL1 stabilization interrupt.
0: Disable the PLL1 stabilization interrupt

1: Enable the PLL1 stabilization interrupt

PLL stabilization interrupt enable

Set and reset by software to enable/disable the PLL stabilization interrupt.
0: Disable the PLL stabilization interrupt

1: Enable the PLL stabilization interrupt

HXTAL stabilization interrupt enable

Set and reset by software to enable/disable the HXTAL stabilization interrupt
0: Disable the HXTAL stabilization interrupt

1: Enable the HXTAL stabilization interrupt

IRC8M stabilization interrupt enable

Set and reset by software to enable/disable the IRC8M stabilization interrupt
0: Disable the IRC8M stabilization interrupt

1: Enable the IRC8M stabilization interrupt

LXTAL stabilization interrupt enable

Set and reset by software to enable/disable LXTAL stabilization interrupt
0: Disable the LXTAL stabilization interrupt

1: Enable the LXTAL stabilization interrupt

IRC40K stabilization interrupt enable

Set and reset by software to enable/disable IRC40K stabilization interrupt
0: Disable the IRC40K stabilization interrupt

1: Enable the IRC40K stabilization interrupt
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7 CKMIF HXTAL clock stuck interrupt flag
Set by hardware when the HXTAL clock is stuck.
Reset when setting the CKMIC bit by software.
0: Clock operating normally
1: HXTAL clock stuck

6 PLL2STBIF PLL2 stabilization interrupt flag
Set by hardware when the PLL2 is stable and the PLL2STBIE bit is set.
Reset when setting the PLL2STBIC bit by software.
0: No PLL2 stabilization interrupt generated

1: PLL2 stabilization interrupt generated

5 PLL1STBIF PLL1 stabilization interrupt flag
Set by hardware when the PLL1 is stable and the PLL1STBIE bit is set.
Reset when setting the PLL1STBIC bit by software.
0: No PLL1 stabilization interrupt generated
1: PLL1 stabilization interrupt generated

4 PLLSTBIF PLL stabilization interrupt flag
Set by hardware when the PLL is stable and the PLLSTBIE bit is set.
Reset when setting the PLLSTBIC bit by software.
0: No PLL stabilization interrupt generated
1: PLL stabilization interrupt generated

3 HXTALSTBIF HXTAL stabilization interrupt flag
Set by hardware when the High speed 4 ~ 32 MHz crystal oscillator clock is stable
and the HXTALSTBIE bit is set.
Reset when setting the HXTALSTBIC bit by software.
0: No HXTAL stabilization interrupt generated
1: HXTAL stabilization interrupt generated

2 IRC8MSTBIF IRC8M stabilization interrupt flag
Set by hardware when the Internal 8 MHz RC oscillator clock is stable and the
IRC8MSTBIE bit is set.
Reset when setting the IRC8MSTBIC bit by software.
0: No IRC8M stabilization interrupt generated
1: IRC8M stabilization interrupt generated

1 LXTALSTBIF LXTAL stabilization interrupt flag
Set by hardware when the Low speed 32,768 Hz crystal oscillator clock is stable
and the LXTALSTBIE bit is set.
Reset when setting the LXTALSTBIC bit by software.
0: No LXTAL stabilization interrupt generated
1: LXTAL stabilization interrupt generated

0 IRC40KSTBIF IRC40K stabilization interrupt flag

Set by hardware when the Internal 40kHz RC oscillator clock is stable and the
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IRC40KSTBIE bit is set.
Reset when setting the IRC40KSTBIC bit by software.
0: No IRC40K stabilization clock ready interrupt generated
1: IRC40K stabilization interrupt generated
5.6.4. APB2 reset register (RCU_APB2RST)
Address offset: 0x0C
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SHRTIME | USART5 TIMER16 | TIMER15 | TIMER14 TIMER10 | TIMERY | TIMER8
CMPRST | Reserved Reserved Reserved Reserved
RRST RST RST RST RST RST RST RST
rw w w 1\ rw 1\ rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC2RS | USARTO | TIMER7R TIMEROR | ADC1RS | ADCORS
SPIORST PGRST PFRST PERST PDRST PCRST PBRST PARST [Reserved| AFRST
T RST ST ST T T
rw w w w rw w rw w rw I\ rw I\ rw w rw
Bits Fields Descriptions
31 CMPRST CMP reset
This bit is set and reset by software.
0: No reset
1: Reset the CMP
30 Reserved Must be kept at reset value.
29 SHRTIMERRST SHRTIMER reset
This bit is set and reset by software.
0: No reset
1: Reset the SHRTIMER
28 USART5RST USARTS reset
This bit is set and reset by software.
0: No reset
1: Reset the USARTS
27 Reserved Must be kept at reset value.
26 TIMER16RST Timer 16 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER16
25 TIMER15RST Timer 15reset

This bit is set and reset by software.
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24

23:22

21

20

19

18:16

15

14

13

12

11

TIMER14RST

Reserved

TIMER1ORST

TIMERORST

TIMER8BRST

Reserved

ADC2RST

USARTORST

TIMER7RST

SPIORST

TIMERORST

0: No reset
1: Reset the TIMER15

Timer 14 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER14

Must be kept at reset value.

Timer 10 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER10

Timer 9 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER9

Timer 8 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERS8

Must be kept at reset value.

ADC2 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC2

USARTO Reset

This bit is set and reset by software.

0: No reset
1: Reset the USARTO

Timer 7 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER7

SPIO reset

This bit is set and reset by software.

0: No reset
1: Reset the SPIO

Timer O reset

This bit is set and reset by software.
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10

ADC1RST

ADCORST

PGRST

PFRST

PERST

PDRST

PCRST

PBRST

PARST

0: No reset
1: Reset the TIMERO

ADC1 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC1

ADCO reset

This bit is set and reset by software.

0: No reset
1: Reset the ADCO

GPIO port G reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port G

GPIO portF reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port F

GPIO port E reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port E

GPIO port D reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port D

GPIO port C reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port C

GPIO port B reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port B

GPIO port A reset

This bit is set and reset by software.

0: No reset
1: Reset the GPIO port A
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1 Reserved Must be kept at reset value.

0 AFRST Alternate function I/O reset
This bit is set and reset by software.
0: No reset

1: Reset Alternate Function 1/O

5.6.5. APB1 reset register (RCU_APB1RST)

Address offset: 0x10
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DACI1RS | DACORS CANI1RS | CANORS UART4R | UART3R | USART2 | USART1
Reserved PMURST | BKPIRST 12C2RST | Reserved | I2C1RST | I2CORST Reserved
T T T T ST ST RST RST
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
WWDGT TIMER13 | TIMER12 | TIMER11 [ TIMERG6R | TIMER5R | TIMER4R | TIMER3R | TIMER2R | TIMER1R
SPI2RST | SPIIRST Reserved Reserved
RST RST RST RST ST ST ST ST ST ST
w w w w w w w w w w w w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 DAC1RST DACI1 reset

This bit is set and reset by software.
0: No reset
1: Reset DACL1 unit

29 DACORST DACO reset
This bit is set and reset by software.
0: No reset
1: Reset DACO unit

28 PMURST Power control reset
This bit is set and reset by software.
0: No reset

1: Reset power control unit

27 BKPIRST Backup interface reset
This bit is set and reset by software.
0: No reset
1: Reset backup interface

26 CAN1RST CANL reset
This bit is set and reset by software.
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25

24

23

22

21

20

19

18

17

16

15

CANORST

I2C2RST

Reserved

I2C1RST

I2CORST

UART4RST

UART3RST

USARTZ2RST

USART1RST

Reserved

SPI2RST

0: No reset
1: Reset the CAN1

CANO reset

This bit is set and reset by software.

0: No reset
1: Reset the CANO

12C2 reset

This bit is set and reset by software.

0: No reset
1: Reset the 12C2

Must be kept at reset value.

12C1 reset

This bit is set and reset by software.

0: No reset
1: Reset the I12C1

12CO0 reset

This bit is set and reset by software.

0: No reset
1: Reset the 12C0

UART4 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART4

UART3 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART3

USART2 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART2

USART1 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART1

Must be kept at reset value.

SPI2 reset

This bit is set and reset by software.
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14

13:12

11

10:9

SPI1RST

Reserved

WWDGTRST

Reserved

TIMER13RST

TIMER12RST

TIMER11RST

TIMERG6RST

TIMER5RST

TIMER4RST

TIMER3RST

0: No reset
1: Reset the SPI2

SPI1 reset

This bit is set and reset by software.

0: No reset
1: Reset the SPI1

Must be kept at reset value.

WWDGT reset

This bit is set and reset by software.

0: No reset
1: Reset the WWDGT

Must be kept at reset value.

TIMER13 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER13

TIMER12 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER12

TIMERL11 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER11

TIMERG reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERG6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER5S

TIMERA4 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER4

TIMERS reset

This bit is set and reset by software.

154



Z

GigaDevice GD32E51x User Manual
0: No reset
1: Reset the TIMER3
1 TIMER2RST TIMER2 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER2
0 TIMER1IRST TIMERL1 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER1
5.6.6. AHB enable register (RCU_AHBEN)
Address offset: 0x14
Reset value: 0x0000 0014
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ENETRX
SQPIEN [ TMUEN Reserved
EN
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ENETTX USBHSE FMCSPE SRAMSP
ENETEN | ULPIEN Reserved | SDIOEN | Reserved | EXMCEN | Reserved | CRCEN | Reserved Reserved DMA1EN | DMAOEN
EN N N EN
rw rw w rw w 1\ 1\ rw rw w w
Bits Fields Descriptions
31 SQPIEN SQPI clock enable
This bit is set and reset by software.
0: Disabled SQPI clock
1: Enabled SQPI clock
30 TMUEN TMUEN clock enable
This bit is set and reset by software.
0: Disabled TMUEN clock
1: Enabled TMUEN clock
29:17 Reserved Must be kept at reset value.
16 ENETRXEN Ethernet RX clock enable
This bit is set and reset by software.
0: Disabled Ethernet RX clock
1: Enabled Ethernet RX clock
15 ENETTXEN Ethernet TX clock enable
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14

13

12

11

10

ENETEN

ULPIEN

USBHSEN

Reserved

SDIOEN

Reserved

EXMCEN

Reserved

CRCEN

Reserved

FMCSPEN

Reserved

SRAMSPEN

This bit is set and reset by software.
0: Disabled Ethernet TX clock
1: Enabled Ethernet TX clock

Ethernet clock enable

This bit is set and reset by software.
0: Disabled Ethernet clock

1: Enabled Ethernet clock

ULPI clock enable

This bit is set and reset by software.
0: Disabled ULPI clock

1: Enabled ULPI clock

USBHS clock enable

This bit is set and reset by software.
0: Disabled USBHS clock

1: Enabled USBHS clock

Must be kept at reset value.

SDIO clock enable

This bit is set and reset by software.
0: Disabled SDIO clock

1: Enabled SDIO clock

Must be kept at reset value.

EXMC clock enable

This bit is set and reset by software.
0: Disabled EXMC clock

1: Enabled EXMC clock

Must be kept at reset value.

CRC clock enable

This bit is set and reset by software.
0: Disabled CRC clock

1: Enabled CRC clock

Must be kept at reset value.

FMC clock enable when sleep mode

This bitis set and reset by software to enable/disable FMC clock during Sleep mode.

0: Disabled FMC clock during Sleep mode

1: Enabled FMC clock during Sleep mode

Must be kept at reset value.

SRAM interface clock enable when sleep mode
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This bit is set and reset by software to enable/disable SRAM interface clock during

Sleep mode.
0: Disabled SRAM interface clock during Sleep mode.
1: Enabled SRAM interface clock during Sleep mode

1 DMA1EN DMAZ1 clock enable
This bit is set and reset by software.
0: Disabled DMAL1 clock
1: Enabled DMAL clock

0 DMAOEN DMAO clock enable
This bit is set and reset by software.
0: Disabled DMAO clock
1: Enabled DMAO clock

5.6.7. APB2 enable register (RCU_APB2EN)

Address offset: 0x18
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SHRTIME | USART5 TIMER16 | TIMER15 | TIMER14 TIMER10 [ TIMERYE | TIMERSE
CMPEN | Reserved Reserved Reserved Reserved
REN EN EN EN EN EN N N
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
USARTO [ TIMER7E TIMEROE
ADC2EN SPIOEN ADC1EN | ADCOEN PGEN PFEN PEEN PDEN PCEN PBEN PAEN [Reserved| AFEN
EN N N

w w w w w w w w w w w w w w w
Bits Fields Descriptions
31 CMPEN CMP clock enable

This bit is set and reset by software.
0: Disabled CMP clock
1: Enabled CMP clock

30 Reserved Must be kept at reset value

29 SHRTIMEREN SHRTIMER clock enable
This bit is set and reset by software.
0: Disabled SHRTIMER clock
1: Enabled SHRTIMER clock

28 USARTS5EN USARTS5 clock enable
This bit is set and reset by software.
0: Disabled USART5 clock
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27

26

25

24

23:22

21

20

19

18:16

15

14

13

Reserved

TIMER16EN

TIMER15EN

TIMER14EN

Reserved

TIMER10EN

TIMER9EN

TIMERSEN

Reserved

ADC2EN

USARTOEN

TIMER7EN

1: Enabled USARTS clock
Must be kept at reset value.

TIMER16 clock enable

This bit is set and reset by software.

0: Disabled TIMER16 clock
1: Enabled TIMER16 clock

TIMER15 clock enable

This bit is set and reset by software.

0: Disabled TIMER15 clock
1: Enabled TIMER15 clock

TIMER14 clock enable

This bit is set and reset by software.

0: Disabled TIMER14 clock
1: Enabled TIMER14 clock

Must be kept at reset value.

TIMER10 clock enable

This bit is set and reset by software.

0: Disabled TIMER10 clock
1: Enabled TIMER10 clock

TIMERS9 clock enable

This bit is set and reset by software.

0: Disabled TIMERS9 clock
1: Enabled TIMER9 clock

TIMERS clock enable

This bit is set and reset by software.

0: Disabled TIMERS clock
1: Enabled TIMERS clock

Must be kept at reset value.

ADC2 clock enable

This bit is set and reset by software.

0: Disabled ADC2 clock
1: Enabled ADC2 clock

USARTO clock enable

This bit is set and reset by software.

0: Disabled USARTO clock
1: Enabled USARTO clock

TIMERY clock enable

This bit is set and reset by software.
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12

11

10

SPIOEN

TIMEROEN

ADCIEN

ADCOEN

PGEN

PFEN

PEEN

PDEN

PCEN

PBEN

0: Disabled TIMER7 clock
1: Enabled TIMER?7 clock

SPIO0 clock enable

This bit is set and reset by software.

0: Disabled SPI0 clock
1: Enabled SPI0 clock

TIMERO clock enable

This bit is set and reset by software.

0: Disabled TIMERO clock
1: Enabled TIMERO clock

ADCI1 clock enable

This bit is set and reset by software.

0: Disabled ADC1 clock
1: Enabled ADC1 clock

ADCO clock enable

This bit is set and reset by software.

0: Disabled ADCO clock
1: Enabled ADCO clock

GPIO port G clock enable

This bit is set and reset by software.

0: Disabled GPIO port G clock
1: Enabled GPIO port G clock

GPIO port F clock enable

This bit is set and reset by software.

0: Disabled GPIO port F clock
1: Enabled GPIO port F clock

GPIO port E clock enable

This bit is set and reset by software.

0: Disabled GPIO port E clock
1: Enabled GPIO port E clock

GPIO port D clock enable

This bit is set and reset by software.

0: Disabled GPIO port D clock
1: Enabled GPIO port D clock

GPIO port C clock enable

This bit is set and reset by software.

0: Disabled GPIO port C clock
1: Enabled GPIO port C clock

GPIO port B clock enable
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This bit is set and reset by software.
0: Disabled GPIO port B clock
1: Enabled GPIO port B clock
2 PAEN GPIO port A clock enable
This bit is set and reset by software.
0: Disabled GPIO port A clock
1: Enabled GPIO port A clock
1 Reserved Must be kept at reset value.
0 AFEN Alternate function 10 clock enable
This bit is set and reset by software.
0: Disabled Alternate Function IO clock
1: Enabled Alternate Function IO clock
5.6.8. APB1 enable register (RCU_APB1EN)
Address offset: 0x1C
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UART4E | UART3E | USART2 | USART1
Reserved | DAC1EN | DACOEN | PMUEN | BKPIEN [ CAN1EN | CANOEN | I2C2EN [Reserved| I2C1EN 12COEN Reserved
N N EN EN
w w w w w w w w w w 2 w 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 | TIMER12 | TIMER11 | TIMERGE | TIMERSE | TIMER4E | TIMER3E | TIMER2E | TIMER1E
SPI2EN | SPI1EN Reserved Reserved
EN EN EN EN N N N N N N
w w w w w w w w 12 w 2 w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 DAC1EN DAC1 clock enable
This bit is set and reset by software.
0: Disabled DACL1 clock
1: Enabled DACL1 clock
29 DACOEN DACO clock enable
This bit is set and reset by software.
0: Disabled DACO clock
1: Enabled DACO clock
28 PMUEN PMU clock enable

This bit is set and reset by software.
0: Disabled PMU clock
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27

26

25

24

23

22

21

20

19

18

BKPIEN

CANI1EN

CANOEN

I2C2EN

Reserved

I2C1EN

I2COEN

UART4EN

UART3EN

USARTZEN

1: Enabled PMU clock

Backup interface clock enable

This bit is set and reset by software.

0: Disabled backup interface clock

1: Enabled backup interface clock

CANL1 clock enable

This bit is set and reset by software.

0: Disabled CANL1 clock
1: Enabled CANL1 clock

CANO clock enable

This bit is set and reset by software.

0: Disabled CANO clock
1: Enabled CANO clock

12C2 clock enable

This bit is set and reset by software.

0: Disabled 12C2 clock
1: Enabled 12C2 clock

Must be kept at reset value.

12C1 clock enable

This bit is set and reset by software.

0: Disabled 12C1 clock
1: Enabled I2C1 clock

12CO0 clock enable

This bit is set and reset by software.

0: Disabled 12C0 clock
1: Enabled 12CO0 clock

UART4 clock enable

This bit is set and reset by software.

0: Disabled UART4 clock
1: Enabled UART4 clock

UARTS3 clock enable

This bit is set and reset by software.

0: Disabled UARTS3 clock
1: Enabled UART3 clock

USART2 clock enable

This bit is set and reset by software.

0: Disabled USART?2 clock
1: Enabled USART2 clock
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17

16

15

14

13:12

11

10:9

USARTI1EN

Reserved

SPI2ZEN

SPI1EN

Reserved

WWDGTEN

Reserved

TIMER13EN

TIMER12EN

TIMER11EN

TIMERGEN

TIMERSEN

USART1 clock enable

This bit is set and reset by software.

0: Disabled USART1 clock
1: Enabled USART1 clock

Must be kept at reset value.

SPI2 clock enable

This bit is set and reset by software.

0: Disabled SPI2 clock
1: Enabled SPI2 clock

SPI1 clock enable

This bit is set and reset by software.

0: Disabled SPI1 clock
1: Enabled SPI1 clock

Must be kept at reset value.

WWNDGT clock enable

This bit is set and reset by software.

0: Disabled WWDGT clock
1: Enabled WWDGT clock

Must be kept at reset value.

TIMER13 clock enable

This bit is set and reset by software.

0: Disabled TIMER13 clock
1: Enabled TIMER13 clock

TIMER12 clock enable

This bit is set and reset by software.

0: Disabled TIMER12 clock
1: Enabled TIMER12 clock

TIMER11 clock enable

This bit is set and reset by software.

0: Disabled TIMER11 clock
1: Enabled TIMER11 clock

TIMERG clock enable

This bit is set and reset by software.

0: Disabled TIMERG6 clock
1: Enabled TIMERG6 clock

TIMERS clock enable

This bit is set and reset by software.

0: Disabled TIMERS5 clock
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1: Enabled TIMERS clock
3 TIMER4EN TIMER4 clock enable
This bit is set and reset by software.
0: Disabled TIMERA4 clock
1: Enabled TIMERA4 clock
2 TIMER3EN TIMERS clock enable
This bit is set and reset by software.
0: Disabled TIMERS clock
1: Enabled TIMERS3 clock
1 TIMERZ2EN TIMER2 clock enable
This bit is set and reset by software.
0: Disabled TIMER2 clock
1: Enabled TIMER2 clock
0 TIMER1EN TIMERL clock enable
This bit is set and reset by software.
0: Disabled TIMER1 clock
1: Enabled TIMER1 clock
5.6.9. Backup domain control register (RCU_BDCTL)
Address offset: 0x20
Reset value: 0x0000 0018, reset by Backup domain Reset.
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
Note: The LXTALEN, LXTALBPS, RTCSRC and RTCEN bits of the Backup domain control
register (RCU_BDCTL) are only reset after a backup domain reset. These bits can be
modified only when the BKPWEN bit in the power control register (PMU_CTL) is set.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘ BKPRST ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LXTALBP | LXTALST
RTCEN Reserved RTCSRCJ[1:0] Reserved LXTALDRI[1:0] LXTALEN
S B
Bits Fields Descriptions
31:17 Reserved Must be kept at reset value.
16 BKPRST Backup domain reset

This bit is set and reset by software.

0: No reset
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15

14:10

9:8

75

4:3

5.6.10.

1: Resets backup domain

RTCEN RTC clock enable
This bit is set and reset by software.
0: Disabled RTC clock
1: Enabled RTC clock

Reserved Must be kept at reset value.

RTCSRCJ1:0] RTC clock entry selection
Set and reset by software to control the RTC clock source. Once the RTC clock
source has been selected, it cannot be changed anymore unless the Backup
domain is reset.
00: No clock selected
01: CK_LXTAL selected as RTC source clock
10: CK_IRCA40K selected as RTC source clock
11: (CK_HXTAL / 128) selected as RTC source clock

Reserved Must be kept at reset value.

LXTALDRI[1:0] LXTAL drive capability
Set and reset by software. Backup domain reset resets this value.
00: Lower driving capability
01: Medium low driving capability
10: Medium high driving capability
11: Higher driving capability (reset value)
Note: The LXTALDRI is not in bypass mode.

LXTALBPS LXTAL bypass mode enable
Set and reset by software.
0: Disable the LXTAL Bypass mode
1: Enable the LXTAL Bypass mode

LXTALSTB Low speed crystal oscillator stabilization flag
Set by hardware to indicate if the LXTAL output clock is stable and ready for use.
0: LXTAL is not stable
1: LXTAL is stable

LXTALEN LXTAL enable
Set and reset by software.
0: Disable LXTAL
1: Enable LXTAL

Reset source/clock register (RCU_RSTSCK)

Address offset: 0x24
Reset value: 0xOC00 0000, ALL reset flags reset by power Reset only, RSTFC/IRC40KEN
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31

30

reset by system reset.

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

29

28

27

26 25 24 23 22 21 20 19 18

17

16

LP

RSTF

WWDGT

RSTF

FWDGT

RSTF

SwW

RSTF

POR

RSTF

EP BORRST
RSTFC Reserved

RSTF F

15

14

13

12

11

r r w

10 9 8 7 6 5 4 3 2

1

0

Reserved

IRC40K

STB

IRC40KE

N

Bits

Fields

Descriptions

r

w

31

30

29

28

27

26

LPRSTF

WWDGTRSTF

FWDGTRSTF

SWRSTF

PORRSTF

EPRSTF

Low-power reset flag

Set by hardware when Deep-sleep /standby reset generated.
Reset by writing 1 to the RSTFC bit.

0: No Low-power management reset generated

1: Low-power management reset generated

Window watchdog timer reset flag

Set by hardware when a window watchdog timer reset generated.

Reset by writing 1 to the RSTFC bit.
0: No window watchdog reset generated
1: Window watchdog reset generated

Free watchdog timer reset flag

Set by hardware when a free watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.

0: No free watchdog timer reset generated

1: free Watchdog timer reset generated

Software reset flag

Set by hardware when a software reset generated.
Reset by writing 1 to the RSTFC bit.

0: No software reset generated

1: Software reset generated

Power reset flag

Set by hardware when a Power reset generated.
Reset by writing 1 to the RSTFC bit.

0: No Power reset generated

1: Power reset generated

External PIN reset flag
Set by hardware when an External PIN reset generated.
Reset by writing 1 to the RSTFC bit.
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0: No External PIN reset generated
1: External PIN reset generated

25 BORRSTF BOR reset flag
Set by hardware when a BOR reset generated.
Reset by writing 1 to the RSTFC bit.
0: No BOR reset generated
1: BOR reset generated

24 RSTFC Reset flag clear
This bit is set by software to clear all reset flags.
0: Not clear reset flags
1: Clear reset flags

23:2 Reserved Must be kept at reset value.

1 IRC40KSTB IRC40K stabilization flag

Set by hardware to indicate if the IRC40K output clock is stable and ready for use.

0: IRC40K is not stable
1: IRC40K is stable

0 IRC40KEN IRC40K enable
Set and reset by software.
0: Disable IRC40K
1: Enable IRC40K

5.6.11. AHB reset register (RCU_AHBRST)

Address offset: 0x28
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ SQPIRST I TMURST ‘ Reserved
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ENETRS USBHSR
Reserved Reserved Reserved
T ST
w w
Bits Fields Descriptions
31 SQPIRST SQPI reset

This bit is set and reset by software.
0: No reset
1: Reset the SQPI

30 TMURST TMU reset
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This bit is set and reset by software.
0: No reset
1: Reset the TMU
29:15 Reserved Must be kept at reset value.
14 ENETRST ENET reset
This bit is set and reset by software.
0: No reset
1: Reset the ENET
13 Reserved Must be kept at reset value.
12 USBHSRST USBHS reset
This bit is set and reset by software.
0: No reset
1: Reset the USBHS
11:0 Reserved Must be kept at reset value.
5.6.12. Clock configuration register 1 (RCU_CFG1)
Address offset: 0x2C
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL2MF[ [PLLREPS [ADCPSCJ | PLL2MF[ SHRTIME PREDVO
Reserved 12S2SEL | 12S1SEL
4] EL 3] 5] RSEL SEL
w w w w 12 w 2 w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL2MF[3:0] PLL1IMF[3:0] PREDV1[3:0] PREDVO0[3:0]
w w w 2
Bits Fields Descriptions
31 PLL2MF[4] Bit 4 of PLL2MF
see bits 15:12 of RCU_CFG1
30 PLLPRESEL PLL clock source preselection
0: HXTAL selected as PLL source clock
1: CK_IRC48M selected as PLL source clock
29 ADCPSCI3] Bit 3 of ADCPSC
see bhits 15:14 of RCU_CFGO0 and bit 28 of RCU_CFGO0
28 PLL2MF[5] Bit 5 of PLL2MF

see bits 15:12 of RCU_CFG1
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27:20 Reserved Must be kept at reset value.
19 SHRTIMERSEL SHRTIMER Clock Source Selection

Set and reset by software to control the SHRTIMER clock source.
0: APB2 clock selected as SHRTIMER source clock
1: System clock selected as SHRTIMER source clock

18 I12S2SEL 12S2 clock source selection
Set and reset by software to control the 12S2 clock source.
0: System clock selected as 12S2 source clock
1: (CK_PLL2 x 2) selected as 12S2 source clock

17 I2S1SEL 12S1 clock source selection
Set and reset by software to control the 12S1 clock source.
0: System clock selected as 12S1 source clock
1: (CK_PLL2 x 2) selected as 12S1 source clock

16 PREDVOSEL PREDVO input clock source selection
Set and reset by software.
0: HXTAL or IRC48M selected as PREDVO input source clock
1: CK_PLL1 selected as PREDVO input source clock

15:12 PLL2MF[3:0] The PLL2 clock multiplication factor
These bits, bit 31 and bit28 of RCU_CFGL1 are written by software to define the
PLL2 multiplication factor.
00xx: Reserve
010x: Reserve
0110: (PLL2 source clock x 8)
0111: (PLL2 source clock x 9)

1000 :(PLL2 source clock x 10)
1001: (PLL2 source clock x 11)
1010: (PLL2 source clock x 12)
1011: (PLL2 source clock x 13)
1100: (PLL2 source clock x 14)
1101: Reserve

1110 :(PLL2 source clock x 16)
1111: (PLL2 source clock x 20)
10000: (PLL2 source clock x 18)

10110: (PLL2 source clock x 24)
10111: (PLL2 source clock x 25)
11000 :(PLL2 source clock x 26)
11001: (PLL2 source clock x 27)
11010: (PLL2 source clock x 28)
11011: (PLL2 source clock x 29)
11100: (PLL2 source clock x 30)
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11101: (PLL2 source clock x 31)
11110 :(PLL2 source clock x 32)
11111: (PLL2 source clock x 40)
100000: (PLL2 source clock x 34)

111110 :(PLL2 source clock x 64)
111111: (PLL2 source clock x 80)

11:8 PLL1MF[3:0] The PLL1 clock multiplication factor
Set and reset by software.
00xx: Reserve
010x: Reserve
0110: (PLL1 source clock x 8)
0111: (PLL1 source clock x 9)
1000 :(PLL1 source clock x 10)
1001: (PLL1 source clock x 11)
1010: (PLL1 source clock x 12)
1011: (PLL1 source clock x 13)
1100: (PLL1 source clock x 14)
1101: reserve
1110 :(PLL1 source clock x 16)
1111: (PLL1 source clock x 20)

74 PREDV1[3:0] PREDV1 division factor
This bit is set and reset by software. These bits can be written when PLL1 and PLL2
are disable.
0000: PREDV1 input source clock not divided
0001: PREDV1 input source clock divided by 2
0010: PREDV1 input source clock divided by 3
0011: PREDV1 input source clock divided by 4
0100: PREDV1 input source clock divided by 5
0101: PREDV1 input source clock divided by 6
0110: PREDV1 input source clock divided by 7
0111: PREDV1 input source clock divided by 8
1000: PREDV1 input source clock divided by 9
1001: PREDV1 input source clock divided by 10
1010: PREDV1 input source clock divided by 11
1011: PREDV1 input source clock divided by 12
1100: PREDV1 input source clock divided by 13
1101: PREDV2 input source clock divided by 14
1110: PREDV2 input source clock divided by 15
1111: PREDV2 input source clock divided by 16

3:0 PREDVO0[3:0] PREDVO division factor
This bit is set and reset by software. These bits can be written when PLL is disable.
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Note: The bit 0 of PREDVO is same as bit 17 of RCU_CFGO, so modifying bit 17 of
RCU_CFGO also madifies bit 0 of RCU_CFG1.
0000: PREDVO input source clock not divided
0001: PREDVO input source clock divided by 2
0010: PREDVO input source clock divided by 3
0011: PREDVO input source clock divided by 4
0100: PREDVO input source clock divided by 5
0101: PREDVO input source clock divided by 6
0110: PREDVO input source clock divided by 7
0111: PREDVO input source clock divided by 8
1000: PREDVO input source clock divided by 9
1001: PREDVO input source clock divided by 10
1010: PREDVO input source clock divided by 11
1011: PREDVO input source clock divided by 12
1100: PREDVO input source clock divided by 13
1101: PREDVO input source clock divided by 14
1110: PREDVO input source clock divided by 15
1111: PREDVO input source clock divided by 16

5.6.13. Deep-sleep mode voltage register (RCU_DSV)

Address offset: 0x34
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

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

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DSLPVS[1:0]
rw
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2:0 DSLPVSJ[1:0] Deep-sleep mode voltage select

These bits are set and reset by software

00: The core voltage is 1.0V in Deep-sleep mode
01: The core voltage is 0.9V in Deep-sleep mode
10: The core voltage is 0.8V in Deep-sleep mode
11: The core voltage is 0.7V in Deep-sleep mode
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5.6.14. Additional clock control register (RCU_ADDCTL)
Address offset: 0xC0O
Reset value: 0x8000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IRC48MS | IRC48ME
IRC48MCALIB[7:0] Reserved
B N
r r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLLUSBS |PLLUSBE USBSWE USBHSS
Reserved USBHSDV[2:0] CK48MSEL[1:0]
B N N EL
r w w w 12 w
Bits Fields Descriptions
31:24 IRC48MCALIB [7:0] Internal 48MHz RC oscillator calibration value register
These bits are load automatically at power on.
23:18 Reserved Must be kept at reset value.
17 IRC48MSTB Internal 48MHz RC oscillator clock stabilization flag
Set by hardware to indicate if the IRC48M oscillator is stable and ready for use.
0: IRC48M is not stable
1: IRC48M is stable
16 IRC48MEN Internal 48MHz RC oscillator enable
Set and reset by software. Reset by hardware when entering Deep-sleep or Standby
mode.
0: IRC48M disable
1: IRC48M enable
15 PLLUSBSTB PLLUSB clock stabilization flag
Set by hardware to indicate if the PLLUSB clock is stable and ready for use.
0: PLLUSB clock is not stable
1: PLLUSB clock is stable
14 PLLUSBEN PLLUSB enable
This bit is set and reset by software
0: PLLUSB disable
1: PLLUSB enable
13:7 Reserved Must be kept at reset value.
6 USBSWEN USB clock source selection enable

0: hardware switch USB clock by USBHS module
1: use USBSW to switch USB clock

171




Z

GigaDevice GD32E51x User Manual
5:3 USBHSDV[2:0] USBHS clock divider factor
This bit is set and reset by software.
000: USBHSDV input source clock divided by 2
001: USBHSDYV input source clock divided by 4
111: USBHSDV input source clock divided by 16
2 USBHSSEL USBHS clock source selection
Set and reset by software to control the USBHS clock source.
0: 48M clock selected as USBHS source clock
1: 60M clock selected as USBHS source clock
1:0 CK48MSEL[1:0] USB 48M clock source selection
00: not effect (select PLL/IUSBPRE)
01: CK_IRC48M select as CK48M clock source
10: CK_PLLUSB/USBHSDV select as CK48M clock source
11: CK_PLL2 select as CK48M clock source
5.6.15. Additional Clock configuration register (RCU_ADDCFG)
Address offset: 0XC4
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLLUSBP
PLLUSBP
Reserved PLLUSBMF[6:0] REDVSE
RESEL
L
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PLLUSBPREDV [3:0]
w
Bits Fields Descriptions
31:25 Reserved Must be kept at reset value.
24:18 PLLUSBMF[6:0] The PLLUSB clock multiplication factor

Note: The PLLUSB output frequency must not exceed 480 MHz
0000000~0001111: Reserved

0010000: CK_PLLUSB = CK_PLLUSBSRC x 16

0010001: CK_PLLUSB = CK_PLLUSBSRC x 17

0010010: CK_PLLUSB = CK_PLLUSBSRC x 18

0010011: CK_PLLUSB = CK_PLLUSBSRC x 19

1111111: CK_PLLUSB = CK_PLLUSBSRC x127
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17

16

15:4

3.0

5.6.16.

31

30

PLLUSBPREDVSEL

PLLUSBPRESEL

Reserved

PLLUSBPREDVI[3:0]

PLLUSBPREDV input clock source selection

Set and reset by software.

0: PLLUSBSRC output selected as PLLUSBPREDV input source clock
1: CK_PLL1 output clock selected as PLLUSBPREDV input source clock

PLLUSB clock source preselection

Set and reset by software to control the PLLUSB clock source.
0: CK_ HXTAL selected as PLLUSB source clock

1: CK_IRC48M output clock selected as PLLUSB source clock

Must be kept at reset value.

PLLUSBPREDV division factor

This bit is set and reset by software.

0000: Reserved

0001: PLLUSBPREDV input source clock divided by 1
0010: PLLUSBPREDV input source clock divided by 2
0011: PLLUSBPREDV input source clock divided by 3
0100: PLLUSBPREDYV input source clock divided by 4
0101: PLLUSBPREDV input source clock divided by 5
0110: PLLUSBPREDV input source clock divided by 6
0111: PLLUSBPREDV input source clock divided by 7
1000: PLLUSBPREDV input source clock divided by 8
1001: PLLUSBPREDYV input source clock divided by 9
1010: PLLUSBPREDYV input source clock divided by 10
1011: PLLUSBPREDYV input source clock divided by 11
1100: PLLUSBPREDYV input source clock divided by 12
1101: PLLUSBPREDYV input source clock divided by 13
1110: PLLUSBPREDYV input source clock divided by 14
1111: PLLUSBPREDYV input source clock divided by 15

Additional clock interrupt register (RCU_ADDINT)

Address offset: OxCC
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

29 28 27

26 25 24 23 22 21 20 19 18 17

16

Reserved

PLLUSBS | IRC48MS
Reserved
TBIC TBIC

15

14

13 12 11

w w

10 9 8 7 6 5 4 3 2 1

PLLUSBS

TBIE

IRC48MS

TBIE

PLLUSBS | IRC48MS

Reserved Reserved

TBIF TBIF

rw

w

r r
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Bits Fields Descriptions

31:24 Reserved Must be kept at reset value.

23 PLLUSBSTBIC PLLUSB stabilization interrupt clear

Write 1 by software to reset the PLLUSBSTBIF flag.
0: Not reset PLLUSBSTBIF flag
1: Reset PLLUSBSTBIF flag

22 IRC48MSTBIC Internal 48 MHz RC oscillator Stabilization interrupt clear
Write 1 by software to reset the IRC48MSTBIF flag.
0: Not reset IRC48MSTBIF flag
1: Reset IRC48MSTBIF flag

21:16 Reserved Must be kept at reset value.

15 PLLUSBSTBIE PLLUSB stabilization interrupt enable
Set and reset by software to enable/disable the PLLUSB stabilization interrupt
0: Disable the PLLUSB stabilization interrupt
1: Enable the PLLUSB stabilization interrupt

14 IRC48MSTBIE Internal 48 MHz RC oscillator stabilization interrupt enable
Set and reset by software to enable/disable the IRC48M stabilization interrupt
0: Disable the IRC48M stabilization interrupt
1: Enable the IRC48M stabilization interrupt

13:8 Reserved Must be kept at reset value.

7 PLLUSBSTBIF PLLUSB stabilization interrupt flag
Set by hardware when the PLLUSB clock is stable and the PLLUSBSTBIE bit is set.
Reset by software when setting the PLLUSBTBIC bit.
0: No PLLUSB stabilization interrupt generated
1: PLLUSB stabilization interrupt generated

6 IRC48MSTBIF IRC48M stabilization interrupt flag
Set by hardware when the Internal 48 MHz RC oscillator clock is stable and the
IRC48MSTBIE bit is set.
Reset by software when setting the IRC48MSTBIC bit.
0: No IRC48M stabilization interrupt generated
1: IRC48M stabilization interrupt generated

5:0 Reserved Must be kept at reset value.

5.6.17. PLL clock spread spectrum control register (RCU_PLLSSCTL)

Address offset: 0XDO
Reset value: 0x0000 0000
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This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

The spread spectrum modulation is available only for the main PLL clock
The RCU_PLLSSCTL register must be written when the main PLL is disabled.

This register is used to configure the PLL spread spectrum clock generation according to the
following formulas:

MODCNT = round(frLLin/4/fmod)
MODSTEP = round(mdamp*PLLN*215/(MODCNT*100))

Where feLuin represents the PLL input clock frequency, fmod represents the spread spectrum
modulation frequency, mdamp represents the spread spectrum modulation amplitude
expressed as a percentage, PLLN represents the PLL clock frequency multiplication factor.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ SSCGON ‘SS_TYPE ‘ Reserved ‘ MODSTEP[14:3]

rw w rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ MODSTEP[2:0] ‘ MODCNT[12:0]

w w

Bits Fields Descriptions
31 SSCGON PLL spread spectrum modulation enable

0: Spread spectrum modulation disable
1: Spread spectrum modulation enable

30 SS_TYPE PLL spread spectrum modulation type select
0: Center spread selected

1: Down spread selected
29:28 Reserved Must be kept at reset value.

27:13 MODSTEP[14:0] These bits configure PLL spread spectrum modulation profile amplitude and
frequency. The following criteria must be met: MODSTEP*MODCNT=<215-1

12:0 MODCNT[12:0] These bits configure PLL spread spectrum modulation profile amplitude and
frequency. The following criteria must be met: MODSTEP*MODCNT=<215-1

5.6.18. Clock configuration register 2 (RCU_CFG2)

Address offset: 0xD4
Reset value: 0x0000 0000

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).

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

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ 12C2SEL[1:0] | Reserved ‘ USARTS5SEL[1:0] |
rw rw
Bits Fields Descriptions
316 Reserved Must be kept at reset value.
5:4 12C2SEL[1:0] 12C2 Clock Source Selection
Set and reset by software to control the 12C2 clock source.
00: APBL1 clock selected as 12C2 source clock
01: System clock selected as 12C2 source clock
1x: CK_IRC8M clock selected as 12C2 source clock
3:2 Reserved Must be kept at reset value.
1:0 USARTS5SEL[1:0] USARTS5 clock source selection
Set and reset by software to control the USARTS5 clock source.
00: CK_APB2 selected as USART5 source clock
01: CK_SYS selected as USARTS5 source clock
10: CK_LXTAL selected as USART5 source clock
11: CK_IRC8M selected as USARTS5 source clock
5.6.19. APB1 additional reset register (RCU_ADDAPB1RST)
Address offset: OXEOQ
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CAN2RS CTC
Reserved Reserved
T RST
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31 CAN2RST CAN2 reset
This bit is set and reset by software.
0: No reset
1: Reset CAN2
30:28 Reserved Must be kept at reset value.
27 CTCRST CTC reset

This bit is set and reset by software.
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0: No reset
1: Reset CTC
26:0 Reserved Must be kept at reset value.
5.6.20. APB1 additional enable register (RCU_ADDAPB1EN)
Address offset: OxE4
Reset value: 0x0000 0000
This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CTC
CANZEN Reserved Reserved
EN
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31 CANZ2EN CAN2 enable
This bit is set and reset by software.
0: Disabled CAN clock
1: Enabled CAN clock
30:28 Reserved Must be kept at reset value.
27 CTCEN CTC clock enable
This bit is set and reset by software.
0: Disabled CTC clock
1: Enabled CTC clock
26:0 Reserved Must be kept at reset value.
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6. Clock trim controller (CTC)
6.1. Overview

The Clock Trim Controller (CTC) is used to trim internal 48MHz RC oscillator (IRC48M)
automatically by hardware. The CTC unit trim the frequency of the IRC48M based on an
external accurate reference signal source. It can automatically adjust the trim value to provide
a precise IRC48M clock.

6.2. Characteristics

Two external reference signal source: GPIO(CTC_SYNC), LXTAL clock.

Provide software reference sync pulse.

Automatically trimmed by hardware without any software action.

16 bits trim counter with reference signal source capture and reload.

8 bits clock trim base value to frequency evaluation and automatically trim.

Enough flag or interrupt to indicate the clock is OK (CKOKIF), warning (CKWARNIF) or
error (ERRIF).

6.3. Function overview

Figure 6-1. CTC overview provides details on the internal configuration of the CTC.
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Figure 6-1. CTC overview
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6.3.1. REF sync pulse generator
Firstly, the reference signal source can select GPIO(CTC_SYNC) or LXTAL clock by setting
REFSEL bits in CTC_CTL1 register.
Secondly, the selected reference signal source use a configurable polarity by setting REFPOL
bit in CTC_CTLA1 register, and can be divided to a suitable frequency with a configurable
prescaler by setting REFPSC bits in CTC_CTL1 register.
Thirdly, if a software reference pulse needed, write 1 to SWREFPUL bitin CTC_CTLO register.
The software reference pulse generated in last step is logical OR with the external reference
pulse.
6.3.2. CTC trim counter

The CTC trim counter is clocked by CK_IRC48M. After CNTEN bit in CTC_CTLO register set,
and a first REF sync pulse detected, the counter start down-counting from RLVALUE (defined
in CTC_CTL1 register). If any REF sync pulse detected, the counter reload the RLVALUE and
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6.3.3.

start down-counting again. If no REF sync pulse detected, the counter down-count to zero,
and then up- counting to 128 x CKLIM (defined in CTC_CTL1 register), and then stop until
next REF sync pulse detected. If any REF sync pulse detected, the current CTC trim counter
value is captured to REFCAP in status register (CTC_STAT), and the counter direction is
captured to REFDIR in status register (CTC_STAT). The detail is showing in Figure 6-2. CTC
trim counter.

Figure 6-2. CTC trim counter

Counter value
A

RLVALUE

128 x CKLIM

3 x CKLIM

CKLIM

CLOCK
TRIM VALUE

CTC STATUS CKERR

Frequency evaluation and automatically trim process

The clock frequency evaluation is performed when a REF sync pulse occur. If a REF sync
pulse occurs on down-counting, it means the current clock is slower than correct clock (the
frequency of 48M).It needs to improve TRIMVALUE in CTC_CTLO register. If a REF sync
pulse occurs on up-counting, it means the current clock is faster than correct clock (the
frequency of 48M).It needs to reduce TRIMVALUE in CTC_CTLO register. The CKOKIF,
CKWARNIF, CKERR and REFMISS in CTC_STAT register shows the frequency evaluation
scope.

If the AUTOTRIM bit in CTC_CTLO register is setting, the automatically hardware trim mode
enabled. In this mode, if a REF sync pulse occurs on down-counting, it means the current
clock is slower than correct clock, the TRIMVALUE will be increased automatically to raise
the clock frequency. Vice versa when it occurs on up-counting, the TRIMVALUE will be
reduced automatically to reduce the clock frequency.

B Counter < CKLIM when REF sync pulse is detected.

The CKOKIF in CTC_STAT register set, and an interrupt generated if CKOKIE bit in
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CTC_CTLO register is 1.
If the AUTOTRIM bit in CTC_CTLO register set, the TRIMVALUE in CTC_CTLO register is not
changed.
B CKLIM < Counter < 3 x CKLIM when REF sync pulse is detected.
The CKOKIF in CTC_STAT register set, and an interrupt generated if CKOKIE bit in
CTC_CTLO register is 1.
If the AUTOTRIM bit in CTC_CTLO register set, the TRIMVALUE in CTC_CTLO register add
1 when down-counting or sub 1 when up-counting.
B 3 x CKLIM < Counter <128 x CKLIM when REF sync pulse is detected.
The CKWARNIF in CTC_STAT register set, and an interrupt generated if CKWARNIE bit in
CTC_CTLO register is 1.
If the AUTOTRIM bit in CTC_CTLO register set, the TRIMVALUE in CTC_CTLO register add
2 when down-counting or sub 2 when up-counting.
B Counter > 128 x CKLIM when down-counting when a REF sync pulse is detected.
The CKERR in CTC_STAT register set, and an interrupt generated if ERRIE bitin CTC_CTLO
register is 1.
The TRIMVALUE in CTC_CTLO register is not changed
B Counter = 128 x CKLIM when up-counting.
The REFMISS in CTC_STAT register set, and an interrupt generated if ERRIE bit in
CTC_CTLO register is 1.
The TRIMVALUE in CTC_CTLO register is not changed.
If adjusting the TRIMVALUE in CTC_CTLO register over the value of 63, the overflow will be
occurred, while adjusting the TRIMVALUE under the value of 0, the underflow will be occurred.
The TRIMVALUE is in the range 0 to 63 (the TRIMVALUE is 63 if overflow, the TRIMVALUE
is 0 if underflow). Then, the TRIMERR in CTC_STAT register will be set, and an interrupt
generated if ERRIE bit in CTC_CTLO register is 1.

6.3.4. Software program guide

The RLVALUE and CKLIM bits in CTC_CTL1 register is critical to evaluate the clock
frequency and automatically hardware trim. The value is calculated by the correct clock
frequency (IRC48M:48 MHz) and the frequency of REF sync pulse. The ideal case is REF
sync pulse occur when the CTC counter is zero, so the RLVALUE is:

RLVALUE = (Fclock - FREF) -1 (6-1)

The CKLIM is set by user according to the clock accuracy. It is recommend to set to the half

of the step size, so the CKLIM is:
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CKLIM = (Fclock - FREF) X 012% —+ 2 (6'2)

The typical step size is 0.12%. Where the F . is the frequency of correct clock (IRC48M),
the Fgrer is the frequency of reference sync pulse.
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6.4. Register definition

CTC base address: 0x4000 C800

6.4.1. Control register 0 (CTC_CTLO)

Address offset: 0x00
Reset value: 0x0000 2000

This register has to be accessed by word (32-bit)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWREF AUTO CKWARN
Reserved TRIMVALUE[5:0] CNTEN [Reserved | EREFIE | ERRIE CKOKIE
PUL TRIM IE
w w w w 12 w w w

Bits Fields Descriptions
31:14 Reserved Must be kept at reset value.
13:8 TRIMVALUE[5:0] IRC48M trim value

When AUTOTRIM in CTC_CTLO register is 0, these bits are set and cleared by
software. This mode used to software calibration.

When AUTOTRIM in CTC_CTLO register is 1, these bits are read only. The value
automatically modified by hardware. This mode used to hardware trim.

The middle value is 32. When increase 1, the IRC48M clock frequency add around
57KHz. When decrease 1, the IRC48M clock frequency sub around 57KHz.

7 SWREFPUL Software reference source sync pulse
This bit is set by software, and generates a reference sync pulse to CTC counter.
This bit is cleared by hardware automatically and read as 0.
0: No effect
1: Generates a software reference source sync pulse

6 AUTOTRIM Hardware automatically trim mode
This bit is set and cleared by software. When this bit is set, the hardware automatic
trim enabled, the TRIMVALUE bits in CTC_CTLO register are modified by hardware
automatically, until the frequency of IRC48M clock is close to 48MHz.
0: Hardware automatic trim disabled

1: Hardware automatic trim enabled

5 CNTEN CTC counter enable
This bit is set and cleared by software. This bit used to enable or disable the CTC
trim counter. When this bit is set, the CTC_CTL1 register cannot be modified.
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0: CTC trim counter disabled
1: CTC trim counter enabled.
4 Reserved Must be kept at reset value.
3 EREFIE EREFIF interrupt enable
0: EREFIF interrupt disable
1: EREFIF interrupt enable
2 ERRIE Error (ERRIF) interrupt enable
0: ERRIF interrupt disable
1: ERRIF interrupt enable
1 CKWARNIE Clock trim warning (CKWARNIF) interrupt enable
0: CKWARNIF interrupt disable
1: CKWARNIF interrupt enable
0 CKOKIE Clock trim OK (CKOKIF) interrupt enable
0: CKOKIF interrupt disable
1: CKOKIF interrupt enable
6.4.2. Control register 1 (CTC_CTLA1)
Address offset: 0x04
Reset value: 0x2022 BB7F
This register has to be accessed by word (32-bit).
Note: This register cannot be modified when CNTEN is 1.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
REF
Reserved REFSEL[1:0] Reserved REFPSCI[2:0] CKLIM[7:0]
POL
rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RLVALUE[15:0]
w
Bits Fields Descriptions
31 REFPOL Reference signal source polarity
This bit is set and cleared by software to select reference signal source polarity
0: Rising edge selected
1: Falling edge selected
30 Reserved Must be kept at reset value.
29:28 REFSEL[1:0] Reference signal source selection

These bits are set and cleared by software to select reference signal source.

00: GPIO (CTC_SYNC) selected
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01: LXTAL clock selected

10: Reserved.
11: Reserved

27 Reserved Must be kept at reset value.

26:24 REFPSCJ[2:0] Reference signal source prescaler
These bits are set and cleared by software
000: Reference signal not divided
001: Reference signal divided by 2
010: Reference signal divided by 4
011: Reference signal divided by 8
100: Reference signal divided by 16
101: Reference signal divided by 32
110: Reference signal divided by 64
111: Reference signal divided by 128

23:16 CKLIM[7:0] Clock trim base limit value
These bits are set and cleared by software to define the clock trim base limit value.
These bits used to frequency evaluation and automatically trim process. Please
refer to the Frequency evaluation and automatically trim process for detail.

15:0 RLVALUE[15:0] CTC counter reload value
These bits are set and cleared by software to define the CTC counter reload value.
These bits reload to CTC trim counter, when a reference sync pulse is received, so

as to start or restart the counter.

6.4.3. Status register (CTC_STAT)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
REFCAP[15:0]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRIM REF CKWARN| CKOK
REFDIR Reserved CKERR Reserved EREFIF | ERRIF
ERR MISS IF IF
r r r r r r r r
Bits Fields Descriptions
31:16 REFCAP[15:0] CTC counter capture when reference sync pulse.

When a reference sync pulse occurred, the CTC trim counter value is captured to
REFCAP bits.
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15 REFDIR CTC trim counter direction when reference sync pulse
When a reference sync pulse occurred during the counter is working, the CTC trim
counter direction is captured to REFDIR bit.
0: Up-counting
1: Down-counting

14:11 Reserved Must be kept at reset value.

10 TRIMERR Trim value error bit
This bit is set by hardware when the TRIMVALUE in CTC_CTLO register overflow
or underflow. When the ERRIE in CTC_CTLO register is set, an interrupt occur. This
bit is cleared by writing 1 to ERRIC bit in CTC_INTC register.
0: No trim value error occur
1: Trim value error occur

9 REFMISS Reference sync pulse miss
This bit is set by hardware when the reference sync pulse miss. This is occur when
the CTC trim counter reach to 128 x CKLIM during up counting and no reference
sync pulse detected. This means the clock is too fast to be trimmed to correct
frequency or other error occur. When the ERRIE in CTC_CTLO register is set, an
interrupt occur. This bit is cleared by writing 1 to ERRIC bit in CTC_INTC register.
0: No Reference sync pulse miss occur
1: Reference sync pulse miss occur

8 CKERR Clock trim error bit
This bit is set by hardware when the clock trim error occur. This is occur when the
CTC trim counter greater or equal to 128 x CKLIM during down counting when a
reference sync pulse detected. This means the clock is too slow and cannot be
trimmed to correct frequency. When the ERRIE in CTC_CTLO register is set, an
interrupt occur. This bit is cleared by writing 1 to ERRIC bit in CTC_INTC register.
0: No Clock trim error occur
1: Clock trim error occur

74 Reserved Must be kept at reset value.

3 EREFIF Expect reference interrupt flag
This bit is set by hardware when the CTC counter reach to 0. When the EREFIE in
CTC_CTLO register is set, an interrupt occur. This bit is cleared by writing 1 to
EREFIC bit in CTC_INTC register.
0 : No Expect reference occur
1: Expect reference occur

2 ERRIF Error interrupt flag

This bit is set by hardware when an error occurred. If any error of TRIMERR,
REFMISS or CKERR occurred, this bit will be set. When the ERRIE in CTC_CTLO
register is set, an interrupt occur. This bit is cleared by writing 1 to ERRIC bit in
CTC_INTC register.
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0 : No Error occur
1: An error occur
1 CKWARNIF Clock trim warning interrupt flag
This bit is set by hardware when a clock trim warning occurred. If the CTC trim
counter greater or equal to 3 x CKLIM and smaller to 128 x CKLIM when a reference
sync pulse detected, this bit will be set. This means the clock is too slow or too fast,
but can be trim to correct frequency. The TRIMVALUE add 2 or sub 2 when a clock
trim warning occurred. When the CKWARNIE in CTC_CTLO register is set, an
interrupt occur. This bit is cleared by writing 1 to CKWARNIC bit in CTC_INTC
register.
0 : No Clock trim warning occur
1: Clock trim warning occur
0 CKOKIF Clock trim OK interrupt flag
This bit is set by hardware when the clock trim is OK. If the CTC trim counter smaller
to 3 x CKLIM when a reference sync pulse detected, this bit will be set. This means
the clock is OK to use. The TRIMVALUE need not to adjust or adjust one step.
When the CKOKIE in CTC_CTLO register is, an interrupt occur. This bit is cleared
by writing 1 to CKOKIC bit in CTC_INTC register.
0 : No Clock trim OK occur
1: Clock trim OK occur
6.4.4. Interrupt clear register (CTC_INTC)
Address offset: 0x0C
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKWARN| CKOK
Reserved EREFIC ERRIC
IC IC
w w w w
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
3 EREFIC EREFIF interrupt clear bit
This bit is written by software and read as 0. Write 1 to clear EREFIF bit in
CTC_STAT register. Write 0 is no effect.
2 ERRIC ERRIF interrupt clear bit

This bit is written by software and read as 0. Write 1 to clear ERRIF, TRIMERR,
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REFMISS and CKERR bits in CTC_STAT register. Write 0 is no effect.

1 CKWARNIC CKWARNIF interrupt clear bit
This bit is written by software and read as 0. Write 1 to clear CKWARNIF bit in
CTC_STAT register. Write 0 is no effect.

0 CKOKIC CKOKIF interrupt clear bit

This bit is written by software and read as 0. Write 1 to clear CKOKIF bit in
CTC_STAT register. Write 0 is no effect.
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7.

7.1.

7.2.

7.3.

Interrupt/event controller (EXTI)

Overview

Cortex®-M33 integrates the Nested Vectored Interrupt Controller (NVIC) for efficient exception
and interrupts processing. NVIC facilitates low-latency exception and interrupt handling and
power management controls. It” s tightly coupled to the processer core. You can read the
technical reference manual of Cortex®-M33 for more details about NVIC.

EXTI (interrupt / event controller) contains up to 22 independent edge detectors and
generates interrupt requests or events to the processer. The EXTI has three trigger types:
rising edge, falling edge and both edges. Each edge detector in the EXTI can be configured
and masked independently.

Characteristics

Cortex®-M33 system exception.

Up to 88 maskable peripheral interrupts.

4 bits interrupt priority configuration—16 priority levels.
Efficient interrupt processing.

Support exception pre-emption and tail-chaining.
Wake up system from power saving mode.

Up to 22 independent edge detectors in EXTI.

Three trigger types: rising, falling and both edges.
Software interrupt or event trigger.

Trigger sources configurable.

Interrupts function overview

The Arm Cortex®-M33 processor and the Nested Vectored Interrupt Controller (NVIC)
prioritize and handle all exceptions in Handler Mode. The processor state is automatically
stored to the stack on an exception and automatically restored from the stack at the end of
the Interrupt Service Routine (ISR).

The vector is fetched in parallel to the state saving, enabling efficient interrupt entry. The
processor supports tail-chaining, which enables back-to-back interrupts to be performed
without the overhead of state saving and restoration. The Table 7-1. NVIC exception types

in Cortex®-M33 and Table 7-2. Interrupt vector table list all exception types.
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Table 7-1. NVIC exception types in Cortex®-M33
. Vector o _
Exception type priority (a) Vector address Description
number
- 0 - 0x0000_0000 Reserved
Reset 1 -3 0x0000_0004 Reset
NMI 2 -2 0x0000_0008 Non maskable interrupt.
HardFault 3 -1 0x0000_000C All class of fault
MemManage 4 Programmable 0x0000_0010 Memory management
Prefetch fault, memory access
BusFault 5 Programmable 0x0000_0014
fault
Undefined instruction or illegal
UsageFault 6 Programmable 0x0000_0018
state
0x0000_001C -
- 7-10 - Reserved
0x0000_002B
System service call via SWI
Svcall 11 Programmable 0x0000_002C . .
instruction
Debug Monitor 12 Programmable 0x0000_0030 Debug Monitor
- 13 - 0x0000_0034 Reserved
Pendable request for system
PendSVv 14 Programmable 0x0000_0038 )
service
SysTick 15 Programmable 0x0000_003C System tick timer

Table 7-2. Interrupt vector table

Interrupt | Vector Non-connectivity devices Connectivity devices
_ - _ - Vector address
number | number interrupt description interrupt description
IRQO 16 WWDGT interrupt WWDGT interrupt 0x0000_0040
IRQ1 17 LVD from EXTI interrupt LVD from EXTI interrupt 0x0000_0044
IRQ 2 18 Tamper interrupt Tamper interrupt 0x0000_0048
IRQ 3 19 RTC global interrupt RTC global interrupt 0x0000_004C
IRQ 4 20 FMC global interrupt FMC global interrupt 0x0000_0050
IRQ5 21 RCU and CTC interrupt RCU and CTC interrupt 0x0000_0054
IRQ 6 22 EXTI LineO interrupt EXTI Line0 interrupt 0x0000_0058
IRQ7 23 EXTI Linel interrupt EXTI Linel interrupt 0x0000_005C
IRQ 8 24 EXTI Line2 interrupt EXTI Line2 interrupt 0x0000_0060
IRQ 9 25 EXTI Line3 interrupt EXTI Line3 interrupt 0x0000_0064
IRQ 10 26 EXTI Line4 interrupt EXTI Line4 interrupt 0x0000_0068
DMAO channel0 global DMAO channel0 global
IRQ 11 27 ] ) 0x0000_006C
interrupt interrupt
DMAO channell global DMAO channell global
IRQ 12 28 ) ) 0x0000_0070
interrupt interrupt
DMAO channel2 global DMAO channel2 global
IRQ 13 29 ) ) 0x0000_0074
interrupt interrupt
IRQ 14 30 DMAO channel3 global DMAO channel3 global 0x0000_0078
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Interrupt | Vector Non-connectivity devices Connectivity devices
. - . o Vector address
number | number interrupt description interrupt description
interrupt interrupt
DMAO channel4 global DMAO channel4 global
IRQ 15 31 ) ) 0x0000_007C
interrupt interrupt
DMAO channel5 global DMAO channel5 global
IRQ 16 32 ) ) 0x0000_0080
interrupt interrupt
DMAO channel6 global DMAO channel6 global
IRQ 17 33 ) ) 0x0000_0084
interrupt interrupt
ADCO and ADC1 global ADCO and ADC1 global
IRQ 18 34 ) ) 0x0000_0088
interrupt interrupt
USBD High Priority or CANO )
IRQ 19 35 ] CANO TX interrupts 0x0000_008C
TX interrupts
USBD Low Priority or CANO )
IRQ 20 36 ) CANO RXO interrupts 0x0000_0090
RXO0 interrupts
IRQ 21 37 CANO RX1 interrupts CANO RX1 interrupts 0x0000_0094
IRQ 22 38 CANO EWMC interrupts CANO EWMC interrupts 0x0000_0098
IRQ 23 39 EXTI line[9:5] interrupts EXTI line[9:5] interrupts 0x0000_009C
TIMERO break interrupt and | TIMERO break interrupt and
IRQ 24 40 TIMERS8 and TIMER14 global |TIMERS8 and TIMER14 global| 0x0000_00AOQ
interrupt interrupt
TIMERO update interrupt and |TIMERO update interrupt and
IRQ 25 41 TIMER9 and TIMER15 global |TIMER9 and TIMER15 global| 0x0000_00A4
interrupt interrupt
TIMERO trigger and Channel | TIMERO trigger and Channel
commutation interrupts and | commutation interrupts and
IRQ 26 42 0x0000_00A8
TIMER10 and TIMER16 TIMER10 and TIMER16
global interrupt global interrupt
TIMERO channel capture TIMERO channel capture
IRQ 27 43 ) ) 0x0000_00AC
compare interrupt compare interrupt
IRQ 28 44 TIMER1 global interrupt TIMER1 global interrupt 0x0000_00B0
IRQ 29 45 TIMER2 global interrupt TIMER2 global interrupt 0x0000_00B4
IRQ 30 46 TIMERS global interrupt TIMERS3 global interrupt 0x0000_00B8
IRQ 31 a7 12CO0 event interrupt 12CO0 event interrupt 0x0000_00BC
IRQ 32 48 12CO0 error interrupt 12CO0 error interrupt 0x0000_00C0
IRQ 33 49 I12C1 event interrupt I12C1 event interrupt 0x0000_00C4
IRQ 34 50 I2C1 error interrupt I2C1 error interrupt 0x0000_00C8
IRQ 35 51 SPIO0 global interrupt SPI0 global interrupt 0x0000_00CC
SPI1 or 12S1ADD global SPI1 or I2S1ADD global
IRQ 36 52 ] ) 0x0000_00D0
interrupt interrupt
IRQ 37 53 USARTO global interrupt USARTO global interrupt 0x0000_00D4
IRQ 38 54 USART1 global interrupt USART1 global interrupt 0x0000_00D8
IRQ 39 55 USART2 global interrupt USART2 global interrupt 0x0000_00DC
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Interrupt | Vector Non-connectivity devices Connectivity devices
. - . o Vector address
number | number interrupt description interrupt description
IRQ 40 56 EXTI line[15:10] interrupts EXTI line[15:10] interrupts | 0x0000_00EO
) RTC alarm from EXTI
IRQ 41 57 RTC alarm from EXTI interrupt ) 0x0000_00E4
interrupt
USBD wakeup from EXTI USBHS wakeup from EXTI
IRQ 42 58 ) ) 0x0000_00E8
interrupt interrupt
TIMER?Y break interrupt and | TIMER?Y break interrupt and
IRQ 43 59 . . 0x0000_00EC
TIMER11 global interrupt TIMER11 global interrupt
TIMER7 update interrupt and |TIMER7 update interrupt and
IRQ 44 60 . . 0x0000_00F0
TIMER12 global interrupt TIMER12 global interrupt
TIMERY trigger and Channel | TIMER?7 trigger and Channel
IRQ 45 61 commutation interrupts and | commutation interrupts and | 0x0000_00F4
TIMER13 global interrupt TIMER13 global interrupt
TIMERY channel capture TIMERY channel capture
IRQ 46 62 . ) 0x0000_00F8
compare interrupt compare interrupt
IRQ 47 63 ADC2 global interrupt ADC2 global interrupt 0x0000_00FC
IRQ 48 64 EXMC global interrupt EXMC global interrupt 0x0000_0100
IRQ 49 65 SDIO global interrupt SDIO global interrupt 0x0000_0104
IRQ50 66 TIMER4 global interrupt TIMERA4 global interrupt 0x0000_0108
SPI2 or 12S2ADD global SPI2 or 12S2ADD global
IRQ51 67 ) ) 0x0000_010C
interrupt interrupt
IRQ52 68 UARTS3 global interrupt UART3 global interrupt 0x0000_0110
IRQ53 69 UART4 global interrupt UART4 global interrupt 0x0000_0114
TIMERS or DAC global TIMERS or DAC global
IRQ54 70 ) ) 0x0000_0118
interrupt interrupt
IRQ55 71 TIMERG6 global interrupt TIMERSG6 global interrupt 0x0000_011C
DMAZ1 channelO global DMAZ1 channelO global
IRQ56 72 ) ) 0x0000_0120
interrupt interrupt
DMAZ1 channell global DMAZ1 channell global
IRQ57 73 ) ) 0x0000_0124
interrupt interrupt
DMA1 channel2 global DMA1 channel2 global
IRQ58 74 ) ) 0x0000_0128
interrupt interrupt
DMAL1 channel3 and DMA1 DMAL1 channel3 global
IRQ59 75 ) ) 0x0000_012C
channel4 global interrupt interrupt
DMAL1 channel4 global
IRQ60 76 reserved ) 0x0000_0130
interrupt
IRQ61 77 reserved ENET global interrupt 0x0000_0134
ENET wakeup from EXTI
IRQ62 78 reserved ) 0x0000_0138
interrupt
IRQ63 79 CANL1 TX interrupt CAN1 TX interrupt 0x0000_013C
IRQ64 80 CAN1 RXO interrupt CAN1 RXO interrupt 0x0000_0140
IRQ65 81 CAN1 RX1 interrupt CAN1 RX1 interrupt 0x0000_0144
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Interrupt | Vector Non-connectivity devices Connectivity devices
number | number interrupt description interrupt description vector address
IRQ66 82 CAN1 EWMC interrupt CAN1 EWMC interrupt 0x0000_0148
IRQ67 83 reserved USBHS global interrupt 0x0000_014C
IRQ68 84 reserved reserved 0x0000_0150
IRQ69 85 SHRTIMER_IRQ2 interrupt | SHRTIMER_IRQ2 interrupt | 0x0000_0154
IRQ70 86 SHRTIMER_IRQ3 interrupt | SHRTIMER_IRQ3 interrupt | 0x0000_0158
IRQ71 87 SHRTIMER_IRQ4 interrupt | SHRTIMER_IRQ4 interrupt | 0x0000_015C
IRQ72 88 SHRTIMER_IRQ5 interrupt | SHRTIMER_IRQ5 interrupt | 0x0000_0160
IRQ73 89 SHRTIMER_IRQ6 interrupt | SHRTIMER_IRQ6 interrupt | 0x0000_0164
IRQ74 920 reserved USBHS_EP1_OUT interrupt | 0x0000_0168
IRQ75 91 reserved USBHS_EP1_IN interrupt | 0x0000_016C
IRQ76 92 SHRTIMER_IRQO interrupt | SHRTIMER_IRQO interrupt | 0x0000_0170
IRQ77 93 SHRTIMER_IRQ1 interrupt | SHRTIMER_IRQ1 interrupt | 0x0000_0174
IRQ78 94 reserved CAN2_TX interrupt 0x0000_0178
IRQ79 95 reserved CAN2_RXO0 interrupt 0x0000_017C
IRQ80 96 reserved CAN2_RX1 interrupt 0x0000_0180
IRQ81 97 reserved CAN2_EWMC interrupt 0x0000_0184
IRQ82 98 12C2_EV interrupt 12C2_EV interrupt 0x0000_0188
IRQ83 99 12C2_ER interrupt 12C2_ER interrupt 0x0000_018C
IRQ84 100 USARTS5 global interrupt USARTS5 global interrupt 0x0000_0190
IRO85 101 12C2 Wékeup from EXTI 12C2 Wa.lkeup from EXTI 0X0000_ 0194
interrupt interrupt
IROS6 102 USARTS5 Yvakeup from EXTI | USART5 Wakeup from EXTI 0X0000_0198
interrupt interrupt
IRQ87 103 TMU interrupt TMU interrupt 0x0000_019C
Note:

At non-connectivity devices, USB and CAN (IRQ19, IRQ 20) function cannot be used at the

same time.
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7.4. External interrupt and event (EXTI) block diagram

Figure 7-1. Block diagram of EXTI

Polarity Software
Control Trigger
EXTI Line0~21 Edge
detector
Interrupt Mask ToNVIC R
Control 4
Event Event Mask To Wakeup Unit
Generate Control —
7.5. External Interrupt and event function overview

The EXTI contains up to 22 independent edge detectors and generates interrupts request or
event to the processer. The EXTI has three trigger types: rising edge, falling edge and both
edges. Each edge detector in the EXTI can be configured and masked independently.

The EXTI trigger source includes 16 external lines from GPIO pins and 6 lines from internal
modules which refers to Table 7-3. EXTI source for detail. All GPIO pins can be selected as
an EXTI trigger source by configuring AFIO_EXTISSx registers in GPIO module (please refer
to General-purpose and alternate-function 1/0s (GPIO and AFIO) section for detail).

EXTI can provide not only interrupts but also event signals to the processor. The Cortex®-
M33 processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the
Send Event (SEV) instructions. The Wake-up Interrupt Controller (WIC) enables the
processor and NVIC to be put into a very low-power sleep mode leaving the WIC to identify
and prioritize interrupts and event. EXTI can be used to wake up processor and the whole
system when some expected event occurs, such as a special GPIO pin toggling or RTC alarm.
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7.5.1. Hardware trigger

Hardware trigger may be used to detect the voltage change of external or internal signals.

The software should follow these steps to use this function:

1. Configure EXTI sources in AFIO module based on application requirement.

Configure EXTI_RTEN and EXTI_FTEN to enable the rising or falling detection on
related pins. (Software may set both RTENx and FTENXx for a pin at the same time to
detect both rising and falling changes on this pin).

3. Enable interrupts or events by setting related EXTI_INTEN or EXTI_EVEN bits.

4. EXTI starts to detect changes on the configured pins. The related interrupt or event will
be triggered when desired change is detected on these pins. If the interrupt is triggered,
the related PDx is set; if the event is triggered, the related PDx is not set. The software
should response to the interrupts or events and clear these PDx bits.

7.5.2. Software trigger

Software may also trigger EXTI interrupts or events following these steps:

1.

Enable interrupts or events by setting related EXTI_INTEN or EXTI_EVEN bits.

Set SWIEVXx bits in EXTI_SWIEV register, the related interrupt or event will be triggered
immediately. If the interrupt is triggered, the related PDx is set; if the event is triggered,
the related PDx is not set. Software should response to these interrupts, and clear related
PDx bits.

Table 7-3. EXTI source

EXTI Line

N Source
0 PAO /PBO/PCO/PDO/PEO/PFO/PGO
1 PA1/PB1/PC1/PD1/PE1/PF1/PG1
2 PA2 /PB2/PC2/PD2/PE2/PF2/PG2
3 PA3/PB3/PC3/PD3/PE3/PF3/PG3
4 PA4 /| PB4/ PC4/PD4/PE4 | PF4 ] PG4
5 PA5/PB5/PC5/PD5/PE5/PF5 /PG5
6 PA6 / PB6 / PC6 / PD6 / PE6 / PF6 / PG6
7 PA7 /PB7/ PC7/PD7/PE7/PF7/PG7
8 PA8/PB8/PC8/PD8/PE8/PF8/PG8
9 PA9 /PB9/PC9/PD9/PE9/PF9/PG9
10 PA10/PB10/PC10/PD10/PE10/PF10/PG10
11 PA11/PB11/PC11/PD11/PE11/PF11/PG11
12 PA12/PB12/PC12/PD12/PE12/PF12/PG12
13 PA13/PB13/PC13/PD13/PE13/PF13/PG13
14 PA14 /PB14 / PCl14 /PD14 / PE14 /| PF14 / PG14
15 PA15/PB15/PC15/PD15/ PE15/ PF15/ PG15
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EXTI Line
N5 Source

16 LVD
17 RTC Alarm
18 USB wakeup
19 Ethernet wakeup
20 12C2 wakeup
21 USARTS5 wakeup
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7.6. EXTI Register

EXTI base address: 0x4001 0400

7.6.1. Interrupt enable register (EXTI_INTEN)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

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

‘ Reserved ‘ INTEN21 ‘ INTEN20 | INTEN19 ‘ INTEN18 | INTEN17 ‘ INTEN16 ‘
I\ I\ w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘INTENlS ‘ INTEN14‘INTEN13|INTEN12 ‘ INTEN11 ‘ INTENlO‘ INTEN9 ‘ INTENS ‘ INTEN7 ‘ INTEN6 ‘ INTENS ‘ INTEN4 | INTEN3 ‘ INTEN2 | INTEN1 ‘ INTENO ‘

w w w w w w w w w w w w 12 w 12 w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21:0 INTENX Interrupt enable bit x (x = 0...21)

0: Interrupt from linex is disabled
1: Interrupt from linex is enabled

7.6.2. Event enable register (EXTI_EVEN)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

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

‘ Reserved ‘ EVEN21 ‘ EVEN20 ’ EVEN19 ‘ EVEN18 ’ EVEN17 ‘ EVEN16 ‘
rw w rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘EVENlS ‘ EVEN14 ‘ EVEN13 ‘ EVEN12 ‘ EVEN11 ‘ EVENlO‘ EVEN9 ‘ EVENS ’ EVEN7 ‘ EVENG6 ’ EVENS ‘ EVEN4 ’ EVEN3 ‘ EVEN2 ’ EVEN1 ‘ EVENO ‘

w w rw rw w w w w w w w w 2 w 2 w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21:0 EVENx Event enable bit x (x = 0...21)

0: Event from linex is disabled

1: Event from linex is enabled
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7.6.3. Rising edge trigger enable register (EXTI_RTEN)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved | RTEN21 ‘ RTEN20 | RTEN19 ‘ RTEN18 | RTEN17 ‘ RTEN16 ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘RTENlS | RTEN14 ‘ RTEN13 | RTEN12 | RTEN11 ‘ RTENlOl RTEN9 ‘ RTENS | RTEN7 ‘ RTENG6 | RTENS ‘ RTEN4 | RTEN3 ‘ RTEN2 | RTEN1 ‘ RTENO ‘

w w w w w w w w w w w w 12 w 12 w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21:0 RTENx Rising edge trigger enable x (x = 0...21)
0: Rising edge of linex is invalid
1: Rising edge of linex is valid as an interrupt / event request
7.6.4. Falling edge trigger enable register (EXTI_FTEN)
Address offset: 0x0C
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ FTEN21 ‘ FTEN20 ’ FTEN19 ‘ FTEN18 ’ FTEN17 ‘ FTEN16 ‘
rw 1\ rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘FTENlS ‘ FTEN14 ‘ FTEN13 ‘ FTEN12 ‘ FTEN11 ‘ FTENlO‘ FTEN9 ‘ FTEN8 ‘ FTEN7 ‘ FTENG6 ‘ FTENS ‘ FTEN4 ’ FTEN3 ‘ FTEN2 ’ FTEN1 ‘ FTENO ‘

rw rw w w w rw w rw w w rw w rw w rw w
Bits Fields Descriptions
31: 22 Reserved Must be kept at reset value.
21:0 FTENX Falling edge trigger enable x (x = 0...21)
0: Falling edge of linex is invalid
1: Falling edge of linex is valid as an interrupt / event request
7.6.5. Software interrupt event register (EXTI_SWIEV)

Address offset: 0x10
Reset value: 0x0000 0000
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This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ SWIEV21 ‘SWIEVZO ‘ SWIEV19 ‘ SWIEV18 ‘ SWIEV17 ‘ SWIEV16 ‘
rw I\ rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘SWIEVJ.S ‘SWIEV14‘SWIEV13‘SWIEV12 ‘SWIEVll‘SWIEVlO‘ SWIEV9 ‘ SWIEVS ‘ SWIEV7 ‘ SWIEV6 ‘ SWIEVS ‘ SWIEV4 ‘ SWIEV3 ‘ SWIEV2 ‘ SWIEV1 ‘ SWIEVO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21: 0 SWIEVX Interrupt / Event software trigger x (x = 0...21)
0: Deactivate the EXTIx software interrupt / event request
1: Activate the EXTIx software interrupt / event request
7.6.6. Pending register (EXTI_PD)
Address offset: 0x14
Reset value: OXXXXX XXXX
This register has to be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ PD21 ‘ PD20 PD19 PD18 PD17 PD16 ‘
rc_wil rc_wl rc_wl rc_wl rc_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PD15 ‘ PD14 ‘ PD13 ‘ PD12 ‘ PD11 ‘ PD10 ‘ PD9 ‘ PD8 ‘ PD7 ‘ PD6 ‘ PD5 ‘ PD4 PD3 PD2 PD1 PDO ‘
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wil rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl
Bits Fields Descriptions
31: 22 Reserved Must be kept at reset value.
21: 0 PDx Interrupt pending status x (x = 0...21)

0: EXTI linex is not triggered
1: EXTI linex is triggered. This bit is cleared to 0 by writing 1 to it.
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8. General-purpose and alternate-function 1/Os (GPIO
and AFIO)

8.1. Overview
There are up to 112 general purpose 1/O pins (GPIO), named PAO ~ PA15, PBO ~ PB15, PCO
~PC15, PD0O ~PD15, PEO ~ PE15, PFO ~ PF15 and PGO ~ PG15 for the device to implement
logic input/output functions. Each GPIO port has related control and configuration registers to
satisfy the requirements of specific applications. The external interrupt on the GPIO pins of
the device have related control and configuration registers in the Interrupt/event Controller
Unit (EXIT).
The GPIO ports are pin-shared with other alternative functions (AFs) to obtain maximum
flexibility on the package pins. The GPIO pins can be used as alternative functional pins by
configuring the corresponding registers regardless of the AF input or output pins.
Each of the GPIO pins can be configured by software as output (push-pull or open-drain),
input, peripheral alternate function or analog mode. Each GPIO pin can be configured as pull-
up, pull-down or no pull-up/pull-down. All GPIOs are high-current capable except for analog
mode.

8.2. Characteristics
B Input/output direction control.
B Schmitt trigger input function enable control.
B Each pin weak pull-up / pull-down function.
B Output push-pull / open drain enable control.
Hm  Output set / reset control.
B External interrupt with programmable trigger edge - using EXTI configuration registers.
B Analog input / output configuration.
B Alternate function input/output configuration.
B Port configuration lock.

8.3. Function overview

Each of the general-purpose I/O ports can be configured as 8 modes: analog inputs, input
floating, input pull-down/pull-up, GPIO push-pull / open-drain or AFIO push-pull/open-drain
mode by two GPIO configuration registers (GPIOx_CTLO / GPIOx_CTL1), and two 32-bits
data registers (GPIOx_ISTAT and GPIOx_OCTL).Table 8-1. GPIO configuration table
shows the details.
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Table 8-1. GPIO configuration table
Configuration mode CTL[21:0] SPDy: MDJ[1:0] OCTL
Analog 00 don’t care
Input floating 01 don’t care
Input x 00
Input pull-down 10 0
Input pull-up 10 1
x 00: Reserved
General purpose Push-pull 00 Oorl
Output (GPIO) x 01: Speed up to 10MHz
utpu i
P Open-drain 01 x 10: Speed up to 2MHz Oorl
0 11: Speed up to 50MHz )
Alternate Function Push-pull 10 P P don’t care
o (AFIO) 1 11: Speed up to 120MHz®
utput ; )

P Open-drain 11 (SPDy required to be set to 0b1) | don'tcare
When the port output speed is more than 50 MHz, the user should enable the 1/O
compensation cell. Refer to IO compensation control register (AFIO_CPSCTL).

Figure 8-1. Basic structure of a general-pupose I/O shows the basic structure of an 1/O
port bit.
Figure 8-1. Basic structure of a general-pupose I/O
Write it Operate
Control
Read/Write Register
Output driver
Alternate Function Output
\/_Td
ESD
Analog Input/output d 1/0 pin
Alternate Function Input J;
Vss
Input driver
Read s
Register
8.3.1. GPIO pin configuration

During or just after the reset period, the alternative functions are all inactive and the GPIO
ports are configured into the input floating mode that input disabled without Pull-Up (PU) /
Pull-Down (PD) resistors. But the JTAG / Serial-Wired Debug pins are in input PU/PD mode
after reset:

PA15: JTDI in PU mode.
PA14: JTCK / SWCLK in PD mode.

PA13: JTMS / SWDIO in PU mode.
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8.3.2.

8.3.3.

8.3.4.

PB4: NJTRST in PU mode.
PB3: JTDO in Floating mode.

The GPIO pins can be configured as inputs or outputs. When the GPIO pins are configured
as input pins, all GPIO pins have an internal weak pull-up and weak pull-down which can be
chosen. And the data on the external pins can be captured at every APB2 clock cycle to the
port input status register (GPIOx_ISTAT).

When the GPIO pins are configured as output pins, user can configure the speed of the ports.
And chooses the output driver mode: Push-Pull or Open-Drain mode. The value of the port
output control register (GPIOx_OCTL) is output on the 1/O pin.

There is no need to read-then-write when programming the GPIOx_OCTL at bit level, user
can modify only one or several bits in a single atomic APB2 write access by programming

‘1’ to the bit operate register (GPIOx_BOP, or for clearing only GPIOx_BC). The other bits
will not be affected.

External interrupt/event lines

The port can use external interrupt / event lines only if it is configured in input mode.

Alternate functions (AF)

When the port is configured as AFIO (set CTLy bits to “0b10” or “0b11” , and set MDy
bits to “0b01” , “0b10” , or “0b11” , which is in GPIOx_CTLO / GPIOx_CTL1 registers),
the port is used as peripheral alternate functions. The detail alternate function assignments
for each port are in the device datasheet.

Input configuration

When GPIO pin is configured as Input:

B The schmitt trigger input is enabled.

B The weak pull-up and pull-down resistors could be chosen.

B Every APB2 clock cycle the data present on the 1/O pin is got to the port input status
Register.

B Disable the output buffer.

Figure 8-2. Basic structure of Input configuration shows the input configuration.
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Figure 8-2. Basic structure of Input configuration
) Vdd
Alternate Function Input
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g |
Input driver /0 pin
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Register L
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8.3.5. Output configuration
When GPIO pin is configured as output:
B The schmitt trigger input is enabled.
B The weak pull-up and pull-down resistors are disabled.
B The output buffer is enabled.
B Open Drain Mode: The pad output low level when a “0” in the output control register;
while the pad leaves Hi-Z whena “1” in the output control register.
B Push-Pull Mode: The pad output low level when a “0” in the output control register;
while the pad output high level whena “1” in the output control register.
B A read access to the port output control register gets the last written value.
B Aread access to the port input status register gets the 1/O state.
Figure 8-3. Basic structure of Qutput configuration shows the output configuration.
Figure 8-3. Basic structure of Output configuration
Write Bit Operate
Output
Read/Write F(a:eogr:[srtzlr
Output driver
Alternate Function Output
V_?d
ﬁ
1/0 pin
o
L
} K/ss
|
Read _________ | ;t;u; M — - Input driver J
Register r——-
8.3.6. Analog configuration

When GPIO pin is used as analog configuration:

B The weak pull-up and pull-down resistors are disabled.

B The output buffer is disabled.
B The schmitt trigger input is disabled.
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B The port input status register of this I/O port bitis “0” .

Figure 8-4. Basic structure of Analog configuration shows the analog configuration.

Figure 8-4. Basic structure of Analog configuration

ESD
protection

Analog ( Input / Output ) I/O pin
-

8.3.7. Alternate function (AF) configuration

To suit for different device packages, the GPIO supports some alternate functions mapped to
some other pins by software.

When be configured as alternate function:

The output buffer is enabled in Open-Drain or Push-Pull configuration.

The output buffer is driven by the peripheral.

The schmitt trigger input is enabled.

The weak pull-up and pull-down resistors could be chosen when input.

The 1/O pin data is stored into the port input status register every APB2 clock.
A read access to the port input status register gets the 1/O state.

A read access to the port output control register gets the last written value.

Figure 8-5. Basic structure of Alternate function configuration shows the alternate
function configuration.

Figure 8-5. Basic structure of Alternate function configuration

Alternate Function Output Output driver

<
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aQ

ESD
protect
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@
2}

Alternate Function Input

Input driver

8.3.8. 10 pin function selection

Each 10 pin can implement many functions, each function selected by GPIO registers.
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8.3.9.

8.3.10.

8.4.

8.4.1.

GPIO

Each 10 pin can be used for GPIO input function by configuring MDy bits to 0bOO in
GPIOx_CTLO / GPIOx_CTLA1 registers. And set output function by configuring MDy bits to
0b01, 0b10, or 0b11 and configuring CTLy bits of corresponding port in GPIOx_CTLO /
GPIOx_CTLA1 register to 0b00 (for GPIO push-pull output) or 0b01 (for GPIO open-drain
output).

Alternate function

Each 10 pin can be used for AF input function by configuring MDy bits to Ob00 in GPIOx_CTLO
/ GPIOx_CTLA1 registers. And set output function by configuring MDy bits to 0b01, 0b10, or
0b11 and configuring CTLy bits of corresponding port in GPIOx_CTLO / GPIOx_CTL1 register
to 0b10 (for AF push-pull output) or Ob11 (for AF open-drain output).

Some alternate function need to configure, the configuration registers are AFIO_PCFA-
AFIO_PCFE, and AFIO_PCFG.

GPIO locking function

The locking mechanism allows the 10 configuration to be protected.

The protected registers are GPIOx_CTLO, GPIOx_CTL1. It allows the 1/0O configuration to be
frozen by the 32-bit locking register (GPIOx_LOCK). When the special LOCK sequence has
been occurred on LKK bit in GPIOx_LOCK register and the LKy bit is set in GPIOx_LOCK
register, the corresponding port is locked and the corresponding port configuration cannot be
modified until the next reset. It should be recommended to be used in the configuration of
driving a power module.

GPIO I/0 compensation cell

By default, the 1/0 compensation cell is not used. However, when the 1/O port output speed
is more than 50MHz, it is recommended to use the compensation cell for slew rate control to
reduce the 1/O noise on power supply.

When the compensation cell is enabled, a complete flag CPS_RDY is set to indicate that the
compensation cell is ready and can be used.

Remapping function /O and debug configuration

Introduction

In order to expand the flexibility of the GPIO or the usage of peripheral functions, each 1/O pin
can be configured to have up to four different functions by setting the AFIO Port Configuration
Register (AFIO_PCFO0 / AFIO_PCF1). Suitable pinout locations can be selected using the

205



Z

GigaDevice GD32E51x User Manual
peripheral 1O remapping function. Additionally, various GPIO pins can be selected to be the
EXTI interrupt line by setting the relevant EXTI Source Selection Register (AFIO_EXTISSx)
to trigger an interrupt or event.

8.4.2. Main features
B APB slave interface for register access.
B EXTI source selection.
B Each pin has up to four alternative functions for configuration.

8.4.3. JTAG/SWD alternate function remapping

The debug interface signals are mapped on the GPIO ports as shown in table below.

Table 8-2. Debug interface signals

Pin Name Function description
PA13 JTMS / SWDIO
PAl14 JTCK / SWCLK
PA15 JTDI
PB3 JTDO / TRACESWO
PB4 NJTRST

To reduce the number of GPIOs used to debug, user can configure SWJ_CFG [2:0] bits in
the AFIO_PCFO to different value. Refer to table below.

Table 8-3. Debug port mapping and Pin availability

SWJ_FCFG Pin availability
. JTAG-DP and SW-DP
[2:0] PA13 | PA14 | PA15 PB3 PB4
JTAG-DP Enabled and SW-DP
000 X X X X X

Enabled (Reset state)
JTAG-DP Enabled and SW-DP
001 X X X X N
Enabled but without NJTRST

JTAG-DP Disabled and SW-

010 X X N, N N
DP Enabled
JTAG-DP Disabled and SW-
100 N N J N N
DP Disabled
Other Forbidden

Can’ treleased if using asynchronous trace.

“J” Indicates that the corresponding pin can be used as a general-purpose I/O.

“X” Indicates that the corresponding pin can’ t be used as a general-purpose I/O.
The SWJ(Serial Wire JTAG) supports JTAG or SWD access to the Cortex debug port.
The default state after reset is SWJ ON without trace.This allows JTAG or SW mode to
be enabled by sending a specific sequence on the JTMS/JTCK pin

WD PR
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8.4.4. ADC AF remapping

Refer to AFIO Port Configuration Register 0 (AFIO_ PCFO0).

Table 8-4. ADCO0/1 external trigger routine conversion AF remapping function ("
Register ADCO ADC1
ADCO external signal trigger

ADCO_ETRGRT_REMAP
=0

routine conversion is connected -
to EXTI11
ADCO external signal trigger

ADCO_ETRGRT_REMAP
=1

routine conversion is connected -
to TIMER7_TRGO

ADC1 external signal trigger

ADC1_ETRGRT_REMAP i o
- routine conversion is connected

=0
to EXTI11
ADC1_ETRGRT_REMAP ADC1 external signal trigger
=1 - routine conversion is connected

to TIMER7_TRGO

1. Remap available only for High-density devices
8.4.5. TIMER AF remapping
Table 8-5. TIMERX alternate function remapping
TIMERx_REMAP [1:0](x =0, 1, 2, 15, 16)
Alternate TIMERx_REMAP(x =3, 8, 9, 10,
function 12, 13, 14)
“0” [“00” (no | “1” /“01” (partial |  “10” (partial
“11” (full remap)
remap) remap) remap)
TIMERO_ETI PA12 - PE7
TIMERO_CHO PA8 - PE9
TIMERO_CH1 PA9 - PE11
TIMERO_CH2 PA10 - PE13
TIMERO_CH3 PAl1l1l - PE14
TIMERO_BRKI
PB12 PA6 - PE15
N
TIMERO_CHO_
PB13 PA7 - PES8
ON
TIMERO_CH1_
PB14 PBO - PE10
ON
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TIMERX_REMAP [1:0](x =0, 1, 2, 15, 16)

Alternate TIMERx_REMAP(x =3, 8, 9, 10,
function 12, 13, 14)
“0” /“00” (no | “1” /“01” (partial “10” (partial
“11” (full remap)
remap) remap) remap)
TIMERO_CH2_
PB15 PB1 - PE12
ON
TIMER1_CHO/T
PAO PA15 PAO PA15
IMER1_ETI®
TIMER1_CH1 PA1l PB3 PA1l PB3
TIMER1_CH2 PA2 PB10
TIMER1_CH3 PA3 PB11
TIMER2_CHO PAG6 - PB4 PC6
TIMER2_CH1 PA7 - PB5 PC7
TIMER2_CH2 PBO - PBO PC8
TIMER2_CH3 PB1 - PB1 PC9
TIMER3_CHO PB6 PD12 - -
TIMER3_CH1 PB7 PD13 - -
TIMER3_CH2 PB8 PD14 - -
TIMER3_CH3 PB9 PD15 - -
TIMER8_CHO PA2 PES5 - -
TIMER8_CH1 PA3 PEG6 - -
TIMER9_CHO PB8 PF6 - -
TIMER10_CHO PB9 PF7 - -
TIMER12_CHO PA6 PF8 - -
TIMER13_CHO PA7 PF9 - -
TIMER14_CHO PB14 PA2 - -
TIMER14_CH1 PB15 PA3 - -
TIMER14_CHO - -
PA1 PB15
_ON
TIMER14_BRKI - -
PA9 PC5
N
TIMER15_CHO PA6 PA12 PB4 PB8
TIMER15_CHO
PA13 PB6
_ON
TIMER16_CHO PA7 PB5 - PB9
TIMER16_BRKI -
N PA10 PB4 PB4

1. TIMERO remap(full remap) available only for 100-pin and 144-pin packages
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8.4.6.

S

TIMER1_CHO and TIMER1_ETI share the same pin but cannot be used at the same time
TIMER2 remap(full remap) available only for 64-pin, 100-pin and 144-pin packages.
TIMERS remap(full remap) available only for 100-pin and 144-pin packages.
TIMER8/9/10/12/13/14/ 15/ 16 refer to the AF remap and debug I/O configuration
register 1(AFIO_PCF1).

Table 8-6. TIMER4 alternate function remapping (

Alternate function TIMER4CH3_IREMAP =0 TIMER4CH3_IREMAP =1

IRC40K internal clock is
TIMER4_CH3 TIMER4_CH3 is connected to PA3| connected to TIMER4_CH3

input for calibration purpose

1.

Remap available only for High-density and and Connectivity lines devices.

USART AF remapping

Refer to AFIO port configuration register 0 (AFIO_PCFO0).

Table 8-7. USARTO0/1/2 alternate function remapping

Register USARTO USART1 USART2

USARTO_REMAP =0 -

PA9(USARTO_TX)
PAL0(USARTO_RX)

USARTO_REMAP =1 -

PB6(USARTO_TX)
PB7(USARTO_RX)

USART1_REMAP =0 - PA2(USART1_TX)

PAO(USART1_CTS)
PAL(USART1_RTS)

PA3(USARTL_RX)
PA4(USART1_CK)

USART1_REMAP =1

PD3(USART1_CTS)
PD4(USART1_RTS)
o - PD5(USARTL_TX) ]
PD6(USART1_RX)

PD7(USART1_CK)

USART2_REMAP[1:0]

PB10(USART2_TX)
PB11(USART2_RX)
- - PB12(USART2_CK)
PB13(USART2_CTS)
PB14(USART2_RTS)

= “00” (no remap)

PC10(USART2_TX)

USART2_REMAP PC11(USART2_RX)
[1:0] =“01” (partial - - PC12(USART2_CK)
remap) @ PB13(USART2_CTS)

PB14(USART2_RTS)
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PD8(USART2_TX)
USART2_REMAP PD9(USART2_RX)
[1:0] =“11” (full remap) PD10(USART2_CK)
©) PD11(USART2_CTS)
PD12(USART2_RTS)
1. Remap available only for 100-pin and 144-pin packages
2. Remap available only for 64-pin,100-pin and 144-pin packages
3. Remap available only for 100-pin and 144-pin packages
8.4.7. 12C0 AF remapping
Refer to AFIO port configuration register 0 (AFIO_ PCFO).
Table 8-8. 12C0 alternate function remapping
Register 12C0_SCL 12C0_SDA
I2CO_REMAP =0 PB6 PB7
I2CO_REMAP =1 PB8 PB9
8.4.8. SPI0/SPI2/12S AF remapping
Refer to AFIO port configuration register 0 (AFIO_PCFO0).
Table 8-9. SPI0/SPI2/I12S alternate function remapping
Register SPIO SPI2/12S
PA4(SPIO_NSS)
PA5(SPIO_SCK)
SPIO_REMAP =0 -
PA6(SPIO_MISO)
PA7(SPIO_MOSI)
PA15(SPIO_NSS)
PB3(SPI0_SCK)
SPIO_REMAP =1 -
- PB4(SPI0O_MISO)
PB5(SPI0_MOSI)
PA15(SPI2_NSS/ 12S2_WS)
PB3(SPI2_SCK/ 1252_CK)
SPI2_REMAP =0 -
- PB4(SPI2_MISO)
PB5(SPI12_MOSI/12S2_SD)
PA4(SPI2_NSS/ 12S2_WS)
PC10(SPI2_SCK/ 12S2_CK)
SPI2_ REMAP =1 -
- PC11(SPI2_MISO)
PC12(SPI2_MOSI/I2S2_SD)
8.4.9. CANO0/1 AF remapping

The CANO signals can be mapped on Port A, Port B or Port D as shown in table below. For
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port D, remapping is possible only in devices delivered in 100-pin and 144-pin packages.

Table 8-10. CANO/1 alternate function remapping

Register @ CANO CAN1
CANO_REMAP[1:0] PA11(CANO_RX)
=00" PA12(CANO_TX) )
CANO_REMAP[1:0] PBS(CANO_RX)
=10” PBY(CANO_TX) )
CANO_REMAP[1:0] PDO(CANO_RX)
=11 PD1(CANO_TX) )

PB12(CAN1_RX)
PB13(CAN1_TX)
PB5(CAN1_RX)
PB6(CAN1_TX)

CAN1_REMAP =“0” -

CAN1_REMAP =“1" -

1. CANO_RX and CANO_TX in connectivity line devices; CAN_RX and CAN_TX in other
devices with a single CAN interface.

8.4.10. Ethernet AF remapping

Table 8-11. ENET alternate function remapping
Register ENET
PA7(RX_DV-CRS_DV)
PC4(RXDO)
ENET_REMAP = “0” PC5(RXD1)
PBO(RXD2)
PB1(RXD3)
PD8(RX_DV-CRS_DV)
PDY(RXDO)
ENET_REMAP = “1” PD10(RXD1)
PD11(RXD2)
PD12(RXD3)

8.4.11. CTC AF remapping

Refer to AFIO port configuration register 1 (AFIO_ PCF1).

Table 8-12. CTC alternate function remapping

_ CTC_REMAP [1:0] = CTC_REMAP [1:0] = | CTC_REMAP [1:0] =
Alternate function
“00” “01” “10” or “1 1 ”
CTC_SYNC PA8 PD15 PFO

8.4.12. CLK pins AF remapping

The LXTAL oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose /O
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PC14 and PC15 individually, when the LXTAL oscillator is off. The LXTAL has priority over the

GPIOs function.

Note:

1. But when the 1.8 V domain is powered off (by entering standby mode) or when the backup
domain is supplied by VBAT (VDD no more supplied), the PC14/PC15 GPIO functionality is

lost and will be set in analog mode.

2. Refer to the note on |0 usage restrictions in Section 4.3.1.

Table 8-13. OSC32 pins configuration

Alternate function LXTAL= ON LXTAL= OFF
PC14 OSC32_IN PC14
PC15 0OSC32_0uT PC15

The HXTAL oscillator pins OSC_IN/OSC_OUT can be used as general-purpose |/O PDO/PD1.

Table 8-14. OSC pins configuration

Alternate function HXTAL= ON HXTAL = OFF
PDO OSC_IN PDO
PD1 OSC_OouT PD1
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8.5. Register definition
GPIOA base address: 0x4001 0800
GPIOB base address: 0x4001 0C00
GPIOC base address: 0x4001 1000
GPIOD base address: 0x4001 1400
GPIOE base address: 0x4001 1800
GPIOF base address: 0x4001 1C00
GPIOG base address: 0x4001 2000
AFIO base address: 0x4001 0000
8.5.1. Port control register 0 (GPIOx_CTLO, x=A..G)
Address offset: 0x00
Reset value: 0x4444 4444
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ CTL7[1:0] ‘ MD7[1:0] ‘ CTL6[1:0] ‘ MD6[1:0] ‘ CTL5[1:0] ‘ MD5[1:0] ‘ CTL4[1:0] ‘ MDA4[1:0]
w rw rw w 1\ 1\ w w
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
‘ CTL3[1:0] ‘ MD3[1:0] ‘ CTL2[1:0] ‘ MD2[1:0] ‘ CTL1[1:0] ‘ MD1[1:0] ‘ CTLO[1:0] ‘ MDO[1:0]
w rw rw w 1\ 1\ w w
Bits Fields Descriptions
31:30 CTL7[1:0] Port 7 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
29:28 MD7[1:0] Port 7 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
27:26 CTL6[1:0] Port 6 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
25:24 MD6[1:0] Port 6 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
23:22 CTL5[1:0] Port 5 configuration bits
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These bits are set and cleared by software
refer to CTLO[1:0]description

21:20 MD5[1:0] Port 5 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

19:18 CTL4[1:0] Port 4 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

17:16 MDA4[1:0] Port 4 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

15:14 CTL3[1:0] Port 3 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

13:12 MD3[1:0] Port 3 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

11:10 CTL2[1:0] Port 2 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

9:8 MD2[1:0] Port 2 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

7:6 CTL1[1:0] Port 1 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

5:4 MD1[1:0] Port 1 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

3:2 CTLO[1:0] Port 0 configuration bits
These bits are set and cleared by software
Input mode ( MD[1:0] =00)
00: Analog mode
01: Floating input
10: Input with pull-up / pull-down

11: Reserved

Output mode ( MD[1:0] >00)
00: GPIO output with push-pull
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01: GPIO output with open-drain
10: AFIO output with push-pull
11: AFIO output with open-drain
1.0 MDO[1:0] Port 0 mode bits
These bits are set and cleared by software
00: Input mode (reset state)
01: Output mode(10MHz)
10: Output mode(2MHz)
11: Output mode(50MHz)
8.5.2. Port control register 1 (GPIOx_CTL1, x=A..G)
Address offset: 0x04
Reset value: 0x4444 4444
This register has to be accessed by word (32-bit).
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ CTL15[1:0] MD15[1:0] ‘ CTL14[1:0] ‘ MD14[1:0] ‘ CTL13[1:0] ‘ MD13[1:0] CTL12[1:0] ‘ MD12[1:0]
w w w w w w w w
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ CTL11[1:0] MD11[1:0] ‘ CTL10[1:0] ‘ MD10[1:0] ‘ CTL9[1:0] ‘ MD9[1:0] CTL8[1:0] ‘ MD8[1:0]
w w w w w w w w
Bits Fields Descriptions
31:30 CTL15[1:0] Port 15 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
29:28 MD15[1:0] Port 15 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
27:26 CTL14[1:0] Port 14 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
25:24 MD14[1:0] Port 14 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
23:22 CTL13[1:0] Port 13 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
21:20 MD13[1:0] Port 13 mode bits

These bits are set and cleared by software
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19:18 CTL12[1:0]

17:16 MD12[1:0]

15:14 CTL11[1:0]

13:12 MD11[1:0]

11:10 CTL10[1:0]

9:8 MD10[1:0]

7:6 CTL9[1:0]

5:4 MD9[1:0]

3:2 CTL8[1:0]

1:0 MDS8[1:0]

8.5.3. Port input status register (GPIOx_ISTAT, x=A..G)

refer to MDO[1:0]description

Port 12 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 12 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 11 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 11 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 10 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 10 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 9 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 9 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Port 8 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Port 8 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Address offset: 0x08
Reset value: 0x0000 XXXX

This register has to be accessed by word (32-bit).

31 30 29 28

26 25 24 23 22 21

16
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‘ Reserved ‘

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

‘ ISTAT15 ‘ ISTAT14 ‘ ISTAT13 ‘ ISTAT12 ‘ ISTAT11 ‘ ISTATIO‘ ISTAT 9 ‘ ISTAT 8 ‘ ISTAT 7 ‘ ISTAT 6 ‘ ISTAT 5 ‘ ISTAT 4 ‘ ISTAT 3 ‘ ISTAT 2 ‘ ISTAT 1 ‘ ISTAT O ‘

r r r r r r r r r r r r r r r r

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 ISTATY Port input status(y=0..15)

These bits are set and cleared by hardware
0: Input signal low
1: Input signal high

8.5.4. Port output control register (GPIOx_OCTL, x=A..G)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

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

‘ Reserved ‘

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

‘OCTLlS ‘ OCTL14 ‘ OCTL13 ‘ OCTL12 ‘ OCTL11 ‘ OCTLlO‘ OCTL9 ‘ OCTL8 ‘ OCTL7 ‘ OCTL6 ‘ OCTLS ‘ OCTL4 ’ OCTL3 ‘ OCTL2 ’ OCTL1 ‘ OCTLO ‘

rw w w rw w w w rw 1\ rw 1\ rw rw w rw w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 OCTLy Port output control(y=0..15)

These bits are set and cleared by software
0: Pin output low
1: Pin output high

8.5.5. Port bit operate register (GPIOx_BOP, x=A..G)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

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

‘ CR15 ‘ CR14 ‘ CR13 ‘ CR12 ‘ CR11 ‘ CR10 ‘ CR9 ‘ CR8 ‘ CR7 ‘ CR6 ‘ CR5 ‘ CR4 ‘ CR3 ‘ CR2 ‘ CR1 ‘ CRO ‘
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
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‘BOPlS ‘ BOP14 ‘ BOP13 ‘ BOP12 ‘ BOP11 ‘ BOPlO‘ BOP9 ‘ BOP8 ‘ BOP7 ‘ BOP6 ‘ BOPS5 ‘ BOP4 ‘ BOP3 ‘ BOP2 ‘ BOP1 ‘ BOPO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:16 CRy Port Clear bit y(y=0..15)

These bits are set and cleared by software
0: No action on the corresponding OCTLY bit
1: Clear the corresponding OCTLy bitto O

15:0 BOPy Port Set bit y(y=0..15)
These bits are set and cleared by software
0: No action on the corresponding OCTLy bit
1: Set the corresponding OCTLy bitto 1
8.5.6. Port bit clear register (GPIOx_BC, x=A..G)

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

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

‘ CR15 ‘ CR14 ‘ CR13 ‘ CR12 ‘ CR11 ‘ CR10 ‘ CR9 ‘ CR8 ‘ CR7 ‘ CR6 ‘ CR5 ‘ CR4 ‘ CR3 ‘ CR2 ‘ CR1 ‘ CRO ‘
w w w w w w w w w w w w w w w w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CRy Port Clear bit y(y=0..15)
These bits are set and cleared by software
0: No action on the corresponding OCTLYy bit
1: Clear the corresponding OCTLy bitto 0

8.5.7. Port configuration lock register (GPIOx_LOCK, x=A..G)

Address offset: 0x18
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

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

w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ LK15 ‘ LK14 ‘ LK13 ‘ LK12 ‘ LK11 ‘ LK10 ‘ LK9 ‘ LK8 ‘ LK7 ‘ LK6 ‘ LK5 ‘ LK4 ‘ LK3 ‘ LK2 ‘ LK1 ‘ LKO ‘
w w w w w w w rw w w w w w w w w

Bits Fields Descriptions

31:17 Reserved Must be kept at reset value

16 LKK Lock sequence key

It can only be setted using the Lock Key Writing Sequence. And can always be read.
0: GPIO_LOCK register is not locked and the port configuration is not locked.

1: GPIO_LOCK register is locked until an MCU reset..

LOCK key configuration sequence

Write 1—-Write 0—Write 1— Read 0— Read 1

Note: The value of LK[15:0] must hold during the LOCK Key Writing sequence.

15:0 LKy Port Lock bit y(y=0..15)
These bits are set and cleared by software
0: The corresponding bit port configuration is not locked

1: The corresponding bit port configuration is locked when LKK bit is “1”

8.5.8. Port bit speed register (GPIOx_ SPD, x=A..G)

Address offset: 0x3C
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit).

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

‘ Reserved ‘

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

‘SPDlS ‘ SPD14 ‘ SPD13 ‘ SPD12 ‘ SPD11 ‘ SPDlO‘ SPD9 ‘ SPD8 ‘ SPD7 ‘ SPD6 ‘ SPD5 ‘ SPD4 ’ SPD3 ‘ SPD2 ’ SPD1 ‘ SPDO ‘

w w w w w w w w w w w w 2 w 2 w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 SPDy Set very high output speed(120MHz) when MDx is Ob11.

If the port output speed is more than 50MHz, set this bit to 1 and set MDx to
0b11.These bits are set and cleared by software.

0: No effect

1: Max speed more than 50MHz.( MDx required to be set to Ob11 together)

Note: When the port output speed is more than 50 MHz, the user should enable the
I/0 compensation cell. Refer to CPS_EN bit in AFIO_CPSCTL register.

219



Z

GigaDevice GD32E51x User Manual
8.5.9. Event control register (AFIO_EC)

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | EOE ‘ PORTI[2:0] PIN[3:0]
w w 12
Bits Fields Descriptions
318 Reserved Must be kept at reset value
7 EOE Event output enable

Set and cleared by software.When set the EVENTOUT Cortex® output is connected
to the 1/O selected by the PORT[2:0] and PIN[3:0] bits

6:4 PORT[2:0] Event output port selection

Set and cleared by software.Select the port used to output the Cortex® EVENTOUT
signal.

000: Select PORT A

001: Select PORT B

010: Select PORT C

011: Select PORT D

100: Select PORT E

3:0 PIN[3:0] Event output pin selection
Set and cleared by software. Select the pin used to output the Cortex® EVENTOUT
signal.
0000: Select Pin 0
0001: Select Pin 1
0010: Select Pin 2
1111: Select Pin 15

8.5.10. AFIO port configuration register 0 (AFIO_PCFO0)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

Memory map and bit definitions for High-density devices:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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ADC1_ET ADCO_ET TIMERA4C
SPI2_RE CAN1_R
Reserved Reserved SWJ_CFG[2:0] Reserved Reserved | RGRT_R | Reserved | RGRT_R | Reserved | H3_IREM
MAP EMAP
EMAP EMAP AP
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDO1_RE TIMER3_ | TIMER2_REMAP[1:0 | TIMER1_REMAP[1:0 | TIMERO_REMAP[1:0 | USART2_REMAP[1: [USART1_|USARTO_| I2CO_RE | SPIO_RE
CANO_REMAP[1:0]
MAP REMAP 1 1 ] 0] REMAP | REMAP | MAP MAP
w w w w w w w w w w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value
28 SPI2_REMAP SPI2/12S2 remapping
This bit is set and reset by software.
0: Disable the remapping function (SPI2_NSS-12S2_WS/PA15, SPI2_SCK-
12S2_CK/PB3, SPI12_MISO/PB4, SPI12_MOSI-12S_SD/PB5)
1: Enable the remapping function fully (SPI2_NSS-I12S2_WS/PA4, SPI2_SCK-
12S2_CK/PC10, SPI2_MISO/PC11, SPI2_MOSI-I2S_SD/PC12)
27 Reserved Must be kept at reset value
26:24 SWJ_CFGJ[2:0] Serial wire JTAG configuration
These bits are write-only.
000: JTAG-DP Enabled and SW-DP Enabled(Reset State)
001: JTAG-DP Enabled and SW-DP Enabled , but without NJTRST
010: Disable JTAG-DP and Enable SW-DP
100: Disable JTAG-DP and SW-DP
Other: Undefined
23 Reserved Must be kept at reset value.
22 CAN1_REMAP CANL1 I/O remapping
This bit is set and cleared by software.It controls the CAN1_TX and CAN1_RX pins
0: Disable the remapping function (CAN1_RX/PB12,CAN_TX/PB13)
1: Enable the remapping function (CAN1_RX/PB5,CAN_TX/PB6).
21 Reserved Must be kept at reset value.
20 ADC1_ETRGRT_RE ADC 1 external trigger routine conversion remapping
MAP This bit is set and reset by software.
0: Connect the ADC1 external signal trigger routine conversion to EXTI11.
1: Connect the ADC1 external signal trigger routine conversion to TIM7_TRGO.
19 Reserved Must be kept at reset value.
18 ADCO_ETRGRT_RE ADC 0 external trigger routine conversion remapping

MAP

This bit is set and reset by software.

0: Connect the ADCO external signal trigger routine conversion to EXTI11.
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17

16

15

14:13

12

11:10

9:8

Reserved

TIMER4CH3_IREMA

P

PDO01_REMAP

CANO_REMAP [1:0]

TIMER3_REMAP

TIMER2_
REMAPI[1:0]

TIMER1_REMAP
[1:0]

1: Connect the ADCO external signal trigger routine conversion to TIM7_TRGO.
Must be kept at reset value.

TIMER4 channel3 internal remapping

This bit is set and reset by software.

0: ConnectTIMER4_CHS3 to PA3.

1: Connect the IRC40K internal clock to TIMER4_CH3 input in order to calibration.

Port DO/Port D1 mapping to OSC_IN/OSC_OUT

This bit is set and cleared by software.

0: Not remap

1: PDO remapped to OSC_IN, PD1 remapped to OSC_OUT

CANO alternate interface remapping

These bits are set and cleared by software.

00: Disable the remapping function (CANO_RX/PA11,CANO_TX/PA12)

01: Not used

10: Enable the remapping function partially(CANO_RX/PB8,CANQO_TX/PB9)
11: Enable the remapping function fully (CANO_RX/PD0,CANO_TX/PD1)

TIMERS remapping

This bit is set and reset by software

0: Disable the remapping function (TIMER3_CHO/PB6, TIMER3_CH1/PB7,
TIMER3_CH2/PB8, TIMER3_CH3/PB9)

1: Enable the remapping function fully(TIMER3_CHO/PD12, TIMER3_CH1/PD13,
TIMER3_CHZ2/PD14, TIMER3_CH3/PD15)

TIMER2 remapping

These bits are set and reset by software

00: Disable the remapping function(TIMER2_CHO/PA6, TIMER2_CH1/PA7,
TIMER2_CH2/PBO, TIMER2_CH3/PB1)

01: Not used

10: Enable the remapping function partially (TIMER2_CHO/PB4,
TIMER2_CH1/PB5, TIMER2_CH2/PB0, TIMER2_CH3/PB1)

11: Enable the remapping function fully (TIMER2_CHO/PC6, TIMER2_CH1/PC7,
TIMER2_CH2/PC8, TIMER2_CH3/PC9)

TIMER1 remapping

These bits are set and reset by software

00: Disable  the remapping function(TIMER1_CHO-TIMER1_ETI/PAO,
TIMER1_CH1/PA1, TIMER1_CH2/PA2, TIMER1_CH3/PA3)

01: Enable the remapping function partially(TIMER1_CHO-TIMER1_ETI/PA1S5,
TIMER1_CH1/PB3, TIMER1_CH2/PA2, TIMER1_CH3/PA3)

10: not used

11: Enable the remapping function fully(TIMER1_CHO-TIMER1_ETI/PA15,
TIMER1_CH1/PB3, TIMER1_CH2/PB10, TIMER1_CH3/PB11)
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7:6 TIMERO_REMAP TIMERO remapping
[1:0] These bits are set and reset by software

00: Disable the remapping function(TIMERO_ETI / PA12, TIMERO_CHO / PAS,
TIMERO_CH1/PA9, TIMERO_CH2 / PA10, TIMERO_CH3/PA11, TIMERO_BRKIN
/ PB12, TIMERO_CHO_ON/PB13, TIMERO_CH1_ON/PB14, TIMERO_CH2_ON /
PB15)
01: Enable the remapping function partially(TIMERO_ETI / PA12, TIMERO_CHO /
PA8, TIMERO_CH1 / PA9, TIMERO_CH2 / PA10, TIMERO_CH3 / PA11,
TIMERO_BRKIN / PA6, TIMERO_CHO_ON / PA7, TIMERO_CH1_ON / PBO,
TIMERO_CH2_ON / PB1)
10: Not used
11: Enable the remapping function fully(TIMERO_ETI / PE7, TIMERO_CHO / PE9,
TIMERO_CH1 / PE1l, TIMERO_CH2 / PE13, TIMERO_CH3 / PE14,
TIMERO_BRKIN / PE15, TIMERO_CHO_ON / PE8, TIMERO_CH1_ON / PE10,
TIMERO_CH2_ON / PE12)

5:4 USART2_REMAP USART2 remapping

[1:0] These bits are set and reset by software

00: Disable the remapping function (USART2_TX/PB10, USART2_RX /PB11,
USART2_CK/PB12, USART2_CTS/PB13, USART2_RTS/PB14)
01: Enable the remapping function partially(USART2_TX/PC10, USART2_RX
/PC11, USART2_CK/PC12, USART2_CTS/PB13, USART2_RTS/PB14)
10: Not used
11: Enable the remapping function fully(USART2_TX/PD8, USART2_RX /PD9,
USART2_CK/PD10, USART2_CTS/PD11, USART2_RTS/PD12)

3 USART1_REMAP USART1 remapping
This bit is set and reset by software
0: Disable the remapping function(USART1_CTS/PAO, USART1_RTS/PAL,
USART1_TX/PA2, USART1_RX/PA3, USART1_CK/PA4)
1: Enable the remapping function(USART1_CTS/PD3, USART1_RTS/PD4,
USART1_TX/PD5, USART1_RX/PD6, USART1_CK/PD7)

2 USARTO_REMAP USARTO remapping
This bit is set and reset by software
0: Disable the remapping function (USARTO_TX/PA9, USARTO_RX /PA10)
1: Enable the remapping function (USARTO_TX/PB6, USARTO_RX /PB7)

1 12C0_REMAP 12C0 remapping
This bit is set and reset by software
0: Disable the remapping function (1I2C0_SCL/PB6, I2C0_SDA /PB7)
1: Enable the remapping function (12C0_SCL/PB8, 12C0_SDA /PB9)

0 SPI0_REMAP SPIO remapping

This bit is set and cleared by software.
0: Disable the remapping function (SPI0_NSS/PA4, SPI0_SCK /PA5, SPI0_MISO
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/PAB,SPI0_MOSI /PA7)
1: Enable the remapping function (SPI0_NSS/PA15, SPI0_SCK /PB3, SPI0_MISO
/PB4,SPI0_MOSI /PB5)
Memory map and bit definitions for connectivity devices:
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIMER1I TIMERA4C
Reserved PIPpPS TI1_REM SPIRE Reserved SWJ_CFG[2:0] FNETP | CANLR | ENELR Reserved H3_IREM
_REMAP MAP HY_SEL EMAP EMAP
AP AP
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDO1_RE TIMER3_ | TIMER2_REMAP[1:0 | TIMER1_REMAP[1:0 USART2_REMAP[1: |[USART1_|USARTO_| I2C0O_RE | SPI0_RE
CANO_REMAP[1:0] TIMERO_REMA[1:0]
MAP REMAP ] ] 0] REMAP | REMAP MAP MAP
w w w w w w w w w w w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 PTP_PPS_REMAP Ethernet PTP PPS remapping
0: PB5 pin is used as a general-purpose 1/0
1: Enale PPT_PPS to be output on PB5
29 TIMER1ITI1_REMAP TIMERL1 internal trigger 1 remapping
It control the TMER1_ITI1 mapping
0: TMER1_ITI1 is used as the Ethernet PTP output in order to calibration.
1: TMERZL_ITI1 is used as the USB OTG SOF (Start of Frame) output in order to
calibration.
28 SPI2_REMAP SPI2/I12S2 remapping
0: Disable the remapping function (SPI2_NSS-12S2_WS/PA15, SPI2_SCK-
12S2_CK/PB3, SPI12_MISO/PB4, SPI12_MOSI-I12S_SD/PB5)
1: Enable the remapping function fully (SPI2_NSS-12S2_WS/PA4, SPI2_SCK-
12S2_CK/PC10, SPI2_MISO/PC11, SPI2_MOSI-I2S_SD/PC12)
27 Reserved Must be kept at reset value
26:24 SWJ_CFGJ[2:0] Serial wire JTAG configuration
Software can only write to this bit.
000: JTAG-DP Enabled and SW-DP Enabled(Reset State)
001: JTAG-DP Enabled and SW-DP Enabled , but without NJTRST
010: Disable JTAG-DP and Enable SW-DP
100: Disable JTAG-DP and SW-DP
Other: Undefined
23 ENET_PHY_SEL Ethernet MIl or RMII PHY selection

0:Select an MIl PHY
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22

21

20:17

16

15

14:13

12

11:10

9:8

CAN1_REMAP

ENET_REMAP

Reserved

TIMER4CH3_IREMA

P

PDO01_REMAP

CANO_REMAP[1:0]

TIMER3_REMAP

TIMER2_REMAPI[1:0
]

TIMER1_REMAP[1:0
]

1: Select an RMIl PHY

CANL1 I/O remapping
0: Disable the remapping function (CAN1_RX/PB12,CAN_TX/PB13)
1: Enable the remapping function (CAN1_RX/PB5,CAN_TX/PB6)

Ethernet MAC 1/0O remapping

0: Disable the remapping function (RX_DV-CRS_DV/PA7, RXDO/PC4, RXD1/PC5,
RXD2/PB0, RXD3/PB1)

1: Enable the remapping function (RX_DV-CRS_DV/PD8, RXD0/PD9, RXD1/PD10,
RXD2/PD11, RXD3/PD12)

Must be kept at reset value

TIMERA4 channel3 internal remapping
0: Connect TIMER4_CH3 to PA3.
1:Connect the IRC40K internal clock to TIMER4_CH3 input in order to calibration.

Port DO/D1 mapping on OSC_IN/OSC_OUT
0: Disable the remapping function
1: PDO is used as OSC_IN, PD1 is used as OSC_OUT

CANO alternate interface remapping

00: Disable the remapping function (CANO_RX/PA11,CANO_TX/PA12)

01: Not used

10: Enable the remapping function partially (CANO_RX/PB8,CANO_TX/PB9)
11: Enable the remapping function fully (CANO_RX/PD0O,CANO_TX/PD1)

TIMERS remapping

0: Disable the remapping function (TIMER3_CHO/PB6, TIMER3_CH1/PB7,
TIMER3_CH2/PB8, TIMER3_CH3/PB9)

1: Enable the remapping function fully (TIMER3_CHO/PD12, TIMER3_CH1/PD13,
TIMER3_CH2/PD14, TIMER3_CH3/PD15)

TIMER2 remapping

00: Disable the remapping function (TIMER2_CHO/PA6, TIMER2_CH1/PA7,
TIMER2_CH2/PBO, TIMER2_CH3/PB1)

01: Not used

10: Enable the remapping function partially (TIMER2_CHO/PB4,TIMER2_CH1/PB5,
TIMER2_CH2/PBO,TIMER2_CH3/PB1)

11: Enable the remapping function fully (TIMER2_CHO/PC6, TIMER2_CH1/PC7,
TIMER2_CH2/PC8, TIMER2_CH3/PC9)

TIMER1 remapping

00: Disable the remapping function (TIMER1_CHO-TIMER1_ETI/PAO,
TIMER1_CH1/PA1, TIMER1_CH2/PA2, TIMER1_CH3/PA3)

01: Enable the remapping function partially 0 (TIMER1_CHO-TIMER1_ETI/PA15,
TIMER1_CH1/PB3, TIMER1_CH2/PA2, TIMER1_CH3/PA3)
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7:6

5:4

TIMERO_REMAPI[1:0
]

USART2_REMAPI[L:
0]

USART1_REMAP

USARTO_REMAP

12C0_REMAP

SPI0_REMAP

10: Enable the remapping function partially 1 (TIMER1_CHO-TIMER1_ETI/PAO,
TIMER1_CH1/PA1, TIMER1_CH2/PB10, TIMER1_CH3/PB11)
11: Enable the remapping function fully (TIMER1_CHO-TIMER1_ETI/PA15,
TIMER1_CH1/PB3, TIMER1_CH2/PB10, TIMER1_CH3/PB11)

TIMERO remapping

00: Disable the remapping function (TIMERO_ETI / PA12, TIMERO_CHO / PAS,
TIMERO_CH1/PA9, TIMERO_CH2 / PA10, TIMERO_CH3/PA11, TIMERO_BRKIN
/PB12, TIMERO_CHO_ON/PB13, TIMERO_CH1_ON/PB14, TIMERO_CH2_ON/
PB15)

01: Enable the remapping function partially (TIMERO_ETI / PA12, TIMERO_CHO /
PA8, TIMERO_CH1 / PA9, TIMERO_CH2 / PA1l0, TIMERO_CH3 / PAl1,
TIMERO_BRKIN / PA6, TIMERO_CHO_ON / PA7, TIMERO_CH1 ON / PBO,
TIMERO_CH2_ON / PB1)

10: Not used

11: Enable the remapping function fully (TIMERO_ETI/PE7, TIMERO_CHO/ PE9,
TIMERO_CH1/PE11,TIMERO_CH2/PE13,TIMERO_CH3/PE14,
TIMERO_BRKIN/PE15, TIMERO_CHO_ON/PES, TIMERO_CH1_ON/PE10,
TIMERO_CH2_ON/PE12)

USART2 remapping

00: Disable the remapping function (USART2_TX/PB10, USART2_RX /PB11,
USART2_CK/PB12,USART2_CTS/PB13, USART2_RTS/PB14)

01: Enable the remapping function partially (USART2_TX/PC10, USART2_RX
/PC11, USART2_CK/PC12,USART2_CTS/PB13, USART2_RTS/PB14)

10: Not used

11: Enable the remapping function fully (USART2_TX/PD8, USART2_RX /PD9,
USART2_CK/PD10,USART2_CTS/PD11, USART2_RTS/PD12)

USART1 remapping

0: Disable the remapping function (USART1_CTS/PAO, USART1_RTS/PAL,
USART1_TX/PA2, USART1_RX/PA3, USART1_CK/PA4)

1: Enable the remapping function (USART1_CTS/PD3, USART1_RTS/PD4,
USART1_TX/PD5, USART1_RX /PD6, USART1_CK/PD7)

USARTO remapping
0: Disable the remapping function (USARTO_TX/PA9, USARTO_RX /PA10)
1: Enable the remapping function (USARTO_TX/PB6, USARTO_RX /PB7)

12C0 remapping
0: Disable the remapping function (12C0_SCL/PB6, 12C0_SDA /PB7)
1: Enable the remapping function (12C0_SCL/PB8, 12C0_SDA /PB9)

SPI0 remapping

0: Disable the remapping function (SPI0_NSS/PA4, SPI0_SCK /PA5, SPI0O_MISO

/PAB, SPI0_MOSI /PAT)

1: Enable the remapping function (SPI0_NSS/PA15, SPI0_SCK /PB3, SPI0_MISO
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8.5.11.

31

/PB4, SPI0_MOSI /PB5)

EXTI sources selection register 0 (AFIO_EXTISSO0)

Address offset: 0x08

Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

30 29 28 27 26

25 24 23 22 21 20 19 18 17

16

Reserved

15

14 13 12 11 10

9 8 7 6 5 4 3 2 1

EXTI3_SS[3:0] EXTI2_SS[3:0] EXTI1_SS[3:0] EXTIO_SS[3:0]

Bits

w

w w w

Fields Descriptions

31:16

15:12

11:8

7.4

Reserved Must be kept at reset value

EXTI3_SS [3:0] EXTI 3 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA3 pin
PB3 pin
PC3 pin
PD3 pin
PE3 pin
PF3 pin
PG3 pin

Other configurations are reserved.

EXTI2_SS [3:0] EXTI 2 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA2 pin
PB2 pin
PC2 pin
PD2 pin
PE2 pin
PF2 pin
PG2 pin

Other configurations are reserved.

EXTI1_SS [3:0] EXTI 1 sources selection

0000:
0001:
0010:
0011:
0100:
0101:

PA1 pin
PB1 pin
PC1 pin
PD1 pin
PE1 pin
PF1 pin
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0110: PG1 pin
Other configurations are reserved.

3:0 EXTIO_SS [3:0] EXTI 0 sources selection
0000: PAO pin
0001: PBO pin
0010: PCO pin
0011: PDO pin
0100: PEO pin
0101: PFO pin
0110: PGO pin
Other configurations are reserved.

8.5.12. EXTI sources selection register 1 (AFIO_EXTISS1)

Address offset: 0x0C
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

‘ Reserved

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

‘ EXTI7_SS[3:0] EXTI6_SS[3:0] EXTI5_SS[3:0] EXTI4_SS[3:0]

w A A w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:12 EXTI7_SS [3:0] EXTI 7 sources selection
0000: PA7 pin
0001: PB7 pin
0010: PC7 pin
0011: PD7 pin
0100: PE7 pin
0101: PF7 pin
0110: PG7 pin

Other configurations are reserved.

11:8 EXTI6_SS [3:0] EXTI 6 sources selection
0000: PAG6 pin
0001: PB6 pin
0010: PC6 pin
0011: PD6 pin
0100: PE6 pin
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7:4

3.0

8.5.13.

31

EXTI5_SS [3:0]

EXTI4_SS [3:0]

0101:
0110:

PF6 pin
PG6 pin

Other configurations are reserved.

EXTI 5 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA5 pin
PB5 pin
PC5 pin
PD5 pin
PES pin
PF5 pin
PG5 pin

Other configurations are reserved.

EXTI 4 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA4 pin
PB4 pin
PC4 pin
PD4 pin
PE4 pin
PF4 pin
PG4 pin

Other configurations are reserved.

EXTI sources selection register 2 (AFIO_EXTISS2)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

30 29 28 27

26

25

22 21

20 19 18 17

16

15

14 13 12 11

10

9

6 5

4 3 2 1

EXTI11_SS[3:0]

EXTI10_SS[3:0]

EXTI9_SS[3:0]

EXTI8_SS[3:0]

Bits

w

Fields

w

Descriptions

w

w

31:16

15:12

Reserved

EXTI11_SS [3:0]

Must be kept at reset value

EXTI 11 sources selection
0000: PA11 pin
0001: PB11 pin
0010: PC11 pin
0011: PD11 pin
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0100: PE11 pin
0101: PF11 pin
0110: PG11 pin
Other configurations are reserved.

11:8 EXTI10_SS [3:0] EXTI 10 sources selection
0000: PA10 pin
0001: PB10 pin
0010: PC10 pin
0011: PD10 pin
0100: PE10 pin
0101: PF10 pin
0110: PG10 pin
Other configurations are reserved.

7:4 EXTI9_SS [3:0] EXTI 9 sources selection
0000: PA9 pin
0001: PB9 pin
0010: PC9 pin
0011: PD9 pin
0100: PE9 pin
0101: PF9 pin
0110: PG9 pin

Other configurations are reserved.

3.0 EXTI8_SS [3:0] EXTI 8 sources selection
0000: PA8 pin
0001: PB8 pin
0010: PC8 pin
0011: PD8 pin
0100: PES8 pin
0101: PF8 pin
0110: PG8 pin
Other configurations are reserved.

8.5.14. EXTI sources selection register 3 (AFIO_EXTISS3)

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

17

16

Reserved

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

230



Z

GigaDevice GD32E51x User Manual
‘ EXTI15_SS[3:0] EXTI14_SS[3:0] EXTI13_SS[3:0] ‘ EXTI12_SS[3:0]
w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:12 EXTI15_SS [3:0] EXTI 15 sources selection

0000: PA15 pin
0001: PB15 pin
0010: PC15 pin
0011; PD15 pin
0100: PE15 pin
0101: PF15 pin
0110: PG15 pin
Other configurations are reserved.

11:8 EXTI14_SS [3:0] EXTI 14 sources selection
0000: PA14 pin
0001: PB14 pin
0010: PC14 pin
0011: PD14 pin
0100: PE14 pin
0101: PF14 pin
0110: PG14 pin
Other configurations are reserved.

74 EXTI13_SS [3:0] EXTI 13 sources selection
0000: PA13 pin
0001: PB13 pin
0010: PC13 pin
0011: PD13 pin
0100: PE13 pin
0101: PF13 pin
0110: PG13 pin

Other configurations are reserved.

3.0 EXTI12_SS [3:0] EXTI 12 sources selection
0000: PA12 pin
0001: PB12 pin
0010: PC12 pin
0011: PD12 pin
0100: PE12 pin
0101: PF12 pin
0110: PG12 pin
Other configurations are reserved.
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8.5.15.

31

30

AFIO port configuration register 1 (AFIO_PCF1)

Address offset: 0x1C
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

29 28 27

26 25

24

23

22

21

20 19 18 17 16

Reserved

TIMER14_|
TIMER16_REMAP | TIMER15_REMAP

REMAP

15

14

13 12 11

10 9

8

7

6

5

Reserved

CTC_REMAP[1:0]

EXMC_N | TIMER13

ADV

_REMAP

IMER12_

REMAP

TIMER10

_REMAP

TIMER9_

REMAP

TIMERS_

REMAP

Reserved

Bits

Fields

A

A

w

I\

I\

Descriptions

31:21

20:19

18:17

16

15:13

Reserved

TIMER16_REMAP[1:
0]

TIMER15_REMAP[1:
0]

TIMER14_REMAP

Reserved

Must be kept at reset value

TIMER16 remapping

These bits are set and cleared by software

00: Disable the remapping function (TIMER16_CHO/PA7,TIMER16_BRKIN/PA10)
01: Enable the remapping function partially (TIMER16_CHO/PB5,TIMER16_BRKIN
/PB4)

10: not used

11: Enable the remapping function fully (TIMER16_CHO/PB9,TIMER16_BRKIN
/PB4)

TIMER15 remapping

These bits are set and cleared by software

00: Disable the remapping function (TIMER15_CHO/PA6, TIMER15 CHO_ON
/PA13)

01: the
TIMER15_CHO_ON/PA13)
10: the
TIMER15_CHO_ON/PB6)
11: the
TIMER15_CHO_ON/PB6)
TIMER14 remapping

Enable remapping function partially 0 (TIMER15_CHO/PA12,

Enable remapping function partially 1 (TIMER15_CHO/PBA4,

Enable remapping function fully (TIMER15_CHO/PBS,

This bit is set and cleared by software

0: Disable the remapping function (TIMER14_CHO/PB14, TIMER14_CH1/PB15,
TIMER14_CHO_ON/PA1, TIMER14_BRKIN/PA9)

1: Enable the remapping function fully(TIMER14_CHO/PA2, TIMER14_CH1/PA3,
TIMER14_CHO_ON/PB15, TIMER14_ BRKIN/PC5)

Must be kept at reset value
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12:11 CTC_REMAP[1:0]

10 EXMC_NADV

9 TIMER13_REMAP

8 TIMER12_REMAP

7 TIMER10_REMAP

6 TIMER9_REMAP

5 TIMER8_REMAP

4:0 Reserved

CTC remapping

These bits are set and cleared by software, it controls the mapping of the
CTC_SYNC alternate function onto the GPIO ports

00: Disable the remapping function (PA8)

01: Enable the remapping function 0 (PD15)

10/11: Enable the remapping function 1 (PFO0)

EXMC_NADYV connect/disconnect

This bit is set and cleared by software, it controls the use of optional EXMC_NADV
signal.

0: The NADV signal is connected to the output(default)

1: The NADV signal is not connected. The I/O pin can be used by another
peripheral.

TIMER13 remapping

This bit is set and cleared by software, it controls the mapping of the TIMER13_CHO
alternate function onto the GPIO ports

0: Disable the remapping function (PA7)

1: Enable the remapping function (PF9)

TIMER12 remapping

This bit is set and cleared by software, it controls the mapping of the TIMER12_CHO
alternate function onto the GPIO ports

0: Disable the remapping function (PA6)

1: Enable the remapping function (PF8)

TIMER10 remapping

This bit is set and cleared by software, it controls the mapping of the TIMER10_CHO
alternate function onto the GPIO ports

0: Disable the remapping function (PB9)

1: Enable the remapping function (PF7)

TIMER9 remapping

This bit is set and cleared by software, it controls the mapping of the TIMER9_CHO
alternate function onto the GPIO ports

0: Disable the remapping function (PB8)

1: Enable the remapping function (PF6)

TIMERS8 remapping

This bit is set and cleared by software, it controls the mapping of the TIMER8_CHO
and TIMER8_CHL1 alternate function onto the GPIO ports

0: Disable the remapping function (TIMER8_CHO on PA2 and TIMER8_CHL1 on
PA3)

1: Enable the remapping function (PF6) (TIMER8_CHO on PE5 and TIMER8_CH1
on PE6)

Must be kept at reset value
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8.5.16. 10 compensation control register (AFIO_CPSCTL)
Address offset: 0x20
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CPS_RD
Reserved Reserved CPS_EN
Y
r w
Bits Fields Descriptions
319 Reserved Must be kept at reset value.
8 CPS_RDY I/0O compensation cell is ready or not. This bit is read-only.
0: 1/0 compensation cell is not ready
1: /0O compensation cell is ready
7:1 Reserved Must be kept at reset value.
0 CPS_EN I/0 compensation cell enable.
When the port output speed is more than 50 MHz, the user should enable the 1/O
compensation cell.
0: 1/0 compensation cell is power-down
1: I/O compensation cell is enable
8.5.17. AFIO port configuration register A (AFIO_PCFA)
Address offset: 0x3C
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PA15_AF | PA10_AF |PA9_AFC | PA13_AF
Reserved PA12_AFCFG [2:0] PA11_AFCFG [1:0] | PA10_AFCFG [1:0] | PA9_AFCFG[1:0] | PA8_AFCFG [1:0]
CFG CFG[2] | FG[2] CFG
w w rw w w w w rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PA7_AFC|PA6_AFC PA5_AFC PA1_AFC
Reserved Reserved PA3_AFCFG[1:0] PA2_AFCFG[1:0] Reserved Reserved
FG FG FG FG
rw w rw w w rw
Bits Fields Descriptions
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31

30

29

28

27

26:24

23:22

21:20

19:18

Reserved

PA15_AFCFG

PA10_AFCFG[2]

PA9_AFCFG[2]

PA13_AFCFG

PA12_AFCFGI[1:0]

PA11l_AFCFG[1:0]

PA10_AFCFG[1:0]

PA9_AFCFG[1:0]

Must be kept at reset value.

PA15 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PA15 alternate function to SHRTIMER
1: Configure PA15 alternate function to SHRTIMER

PA10 AF function configuration bit
see hits 21:20 of AFIO_PCFA

PA9 AF function configuration bit
see bits 19:18 of AFIO_PCFA

PA13 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PA13 alternate function to TIMER15
1: Configure PA13 alternate function to TIMER15

PA12 AF function configuration bits

These bits are set and cleared by software.

000: Do not configure PA12 alternate function to SHRTIMER/CMP1/USARTS/
TIMER15

001: Configure PA12 alternate function select to enable CMP1

010: Configure PA12 alternate function select to enable USART5

011: Configure PA12 alternate function select to enable SHRTIMER

100: Configure PA12 alternate function select to enable TIMER15

101 - 111: Reserved

PA11 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PA11 alternate function to enable SHRTIMER/USART5
01: Configure PA11 alternate function to USARTS5

10/11: Configure PA11 alternate function to SHRTIMER

PA10 AF function configuration bits

Bit 29 of AFIO_PCFA and these bits are written by software to define the function
configuration.

000: Do not configure PA10 alternate function to SHRTIMER/CAN2/CMP5/
TIMER16

001: Configure PA10 alternate function to CAN2

010: Configure PA10 alternate function to CMP5

011: Configure PA10 alternate function to SHRTIMER

100: Configure PA10 alternate function to TIMER16

101 - 111: Reserved

Note: CAN2 is available only in connectivity line devices.

PA9 AF function configuration bits
Bit 28 of AFIO_PCFA and these bits are written by software to define the function
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configuration.

000: Do not configure PA9 alternate function to SHRTIMER/CANZ2/12C2/TIMER14
001: Configure PA9 alternate function to CAN2

010: Configure PA9 alternate function to 12C2

011: Configure PA9 alternate function to SHRTIMER

100: Configure PA9 alternate function to TIMER14

101 - 111: Reserved

Note: CAN2 is available only in connectivity line devices.

17:16 PA8_AFCFG[1:0] PA8 AF function configuration bits
These bits are set and cleared by software.
00: Donot configure PAS8 alternate function to SHRTIMER/I2C2
01: Configure PA8 alternate function to 12C2
10/11: Configure PAS8 alternate function to SHRTIMER

15 PA7_AFCFG PA7 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PA7 alternate function to TIMER16
1: Configure PAY alternate function to TIMER16

14 PA6_AFCFG PA6 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PA6 alternate function to TIMER15
1: Configure PAG alternate function to TIMER15

13:11 Reserved Must be kept at reset value.

10 PA5_AFCFG PAS5 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PA5 alternate function to USBHS
1: Configure PAS alternate function to USBHS

9:8 Reserved Must be kept at reset value.

7:6 PA3_AFCFG[1:0] PA3 AF function configuration bit
These bits are set and cleared by software.
00: Do not configure PA3 alternate function to USBHS/TIMER14
01: Configure PA3 alternate function to USBHS
10: Configure PA3 alternate function to TIMER14
11: Reserved

5:4 PA2_AFCFG[1:0] PA2 AF function configuration bit
These bits are set and cleared by software.
00: Do not configure PA2 alternate function to CMP1/TIMER14
01: Configure PA2 alternate function to CMP1
10: Configure PA2 alternate function to TIMER14

11: Reserved
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3:2 Reserved Must be kept at reset value.
1 PA1_AFCFG PA1 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PA1 alternate function to TIMER14
1: Configure PAL alternate function to TIMER14
0 Reserved Must be kept at reset value.
8.5.18. AFIO port configuration register B (AFIO_PCFB)
Address offset: 0x40
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 24 22 21 20 19 18 17 16

PB15_AFCFG[1:0] | PB14_AFCFG[1:0] | PB13_AFCFG[1:0] | PB12_AFCFG[1:0] ‘ PB11_AFCFG[1:0] ‘ PB10_AFCFG[1:0] | PB9_AFCFG[1:0] | PB8_AFCFG[1:0]

w rw w w w w w
15 14 13 12 11 10 8 6 5 4 3 2 1 0
PB3_ PB5_AFC| PBO_
PB7_AFCFG[1:0] | PB6_AFCFG[1:0] | PB5_AFCFG[2:1] PB4_AFCFG[2:0] PB2_AFCFG[1:0] | PB1_AFCFG[1:0]
AFCFG FG[0] | AFCFG
w rw w rw w w w w w

Bits

Fields

Descriptions

31:30

29:28

27:26

25:24

PB15_AFCFG[1:0]

PB14_AFCFG[1:0]

PB13_AFCFG[1:0]

PB12_AFCFG[1:0]

This bit is set and cleared by software.

PB15 AF function configuration bit

00: Do not configure PB15 alternate function to SHRTIMER/TIMER14

01: Configure PB15 alternate function to SHRTIMER

10: Configure PB15 alternate function to TIMER14_CH1
11: Configure PB15 alternate function to TIMER14_CHO_ON

PB14 AF function configuration bits

These bits are set and cleared by software.
00: Do not configure PB14 alternate function to SHRTIMER/I2S1/TIMER14
01: Configure PB14 alternate function to 12S1

10: Configure PB14 alternate function to SHRTIMER

11: Configure PB14 alternate function to TIMER14_CHO

PB13 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PB13 alternate function to SHRTIMER/USBHS

01/11: Configure PB13 alternate function to SHRTIMER
10: Configure PB13 alternate function to USBHS

PB12 AF function configuration bits

These bits are set and cleared by software.
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23:22

21:20

19:18

17:16

15:14

13:12

PB11_AFCFG[1:0]

PB10_AFCFG[1:0]

PB9_AFCFG[1:0]

PB8_AFCFG[1:0]

PB7_AFCFG[1:0]

PB6_AFCFG[1:0]

00: Do not configure PB12 alternate function to SHRTIMER/USBHS
01/11: Configure PB12 alternate function to SHRTIMER
10: Configure PB12 alternate function to USBHS

PB11 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PB11 alternate function to SHRTIMER/USBHS/CAN2
01: Configure PB11 alternate function to CAN2

10: Configure PB11 alternate function to USBHS

11: Configure PB11 alternate function to SHRTIMER

Note: CAN2 is available only in connectivity line devices.

PB10 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PB10 alternate function to SHRTIMER/USBHS/CAN2
01: Configure PB10 alternate function to CAN2

10: Configure PB10 alternate function to USBHS

11: Configure PB10 alternate function to SHRTIMER

Note: CAN2 is available only in connectivity line devices.

PB9 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PB9 alternate function to SHRTIMER/CMP1/TIMER16
01: Configure PB9 alternate function to CMP1

10: Configure PB9 alternate function to SHRTIMER

11: Configure PB9 alternate function to TIMER16

PB8 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PB8 alternate function to SHRTIMER/I2C2/TIMER15
01: Configure PB8 Alternate function to 12C2

10: Configure PB8 alternate function to SHRTIMER

11: Configure PB8 alternate function to TIMER15

PB7 AF function configuration bit

This bit is set and cleared by software.

00: Do not configure PB7 alternate function to SHRTIMER/TIMER16
01: Configure PB7 alternate function to SHRTIMER

10: Configure PB7 alternate function to TIMER16

11: Reserved

PB6 AF function configuration bit

This bit is set and cleared by software.

00: Do not configure PB6 alternate function to SHRTIMER/TIMER15
01: Configure PB6 alternate function to SHRTIMER

10: Configure PB6 alternate function to TIMER15
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11: Reserved

11:10 PB5_AFCFG[1:0] PB5 AF function configuration bits
Bit 1 of AFIO_PCFB and these bits are written by software to define the function
configuration.
000: Do not configure PB5 alternate function to SHRTIMER/USBHS/I2C2/TIMER15
/ITIMER16
001: Configure PB5 alternate function to TIMER15
010: Configure PB5 alternate function to 12C2
011: Configure PB5 alternate function to TIMER16
100: Configure PB5 alternate function to USBHS
101: Reserved
110: Configure PB5 alternate function to SHRTIMER
111: Reserved

9:7 PB4_AFCFG[2:0] PB4 AF function configuration bits
These bits are set and cleared by software.
000: Do not configure PB4 alternate function to SHRTIMER/I2C2/12S2/TIMER15
/ITIMER16
001: Configure PB4 alternate function to TIMER15
010: Configure PB4 alternate function to 12S2
011: Configure PB4 alternate function to TIMER16
100: Configure PB4 alternate function to 12C2
101: Reserved
110: Configure PB4 alternate function to SHRTIMER
111: Reserved

6 PB3_AFCFG PB3 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PB3 alternate function to SHRTIMER
1: Configure PB3 alternate function to SHRTIMER

5:4 PB2_AFCFG[1:0] PB2 AF function configuration bits
These bits are set and cleared by software.
00: Do not configure PB2 alternate function to SHRTIMER/USBHS
10: Configure PB2 alternate function to USBHS
01/11: Configure PB2 alternate function to SHRTIMER

3:2 PB1_AFCFG[1:0] PB1 AF function configuration bits
These bits are set and cleared by software.
00: Do not configure PB1 alternate function to SHRTIMER/USBHS/CMP3
01: Configure PB1 alternate function to CMP3
10: Configure PB1 alternate function to USBHS
11: Configure PB1 alternate function to SHRTIMER

1 PB5_AFCFG[0] PB5 AF function configuration bits
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see hits 11:10 of AFIO_PCFA
0 PBO_AFCFG PBO AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PBO alternate function to USBHS
1: Configure PBO alternate function to USBHS
8.5.19. AFIO port configuration register C (AFIO_PCFC)
Address offset: 0x44
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PC12_AF PC10_AF
Reserved PC11_AFCFG[1:0] |Reserved PC9_AFCFG[1:0] | PC8_AFCFG[1:0]
CFG CFG
w w w 12 w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC5_AFC PC3_AFC PCO_AFC

PC7_AFCFGI[1:0]

PC6_AFCFG[1:0]
FG

Reserved PC2_AFCFG[1:0] Reserved

FG

FG

I\ w

w

Bits Fields Descriptions
31:25 Reserved Must be kept at reset value
24 PC12_AFCFG PC12 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PC12 alternate function to SHRTIMER
1: Configure PC12 alternate function to SHRTIMER
23:22 PC11_AFCFG[1:0] PC11 AF function configuration bits
These bits are set and cleared by software.
00: Do not configure PC11 alternate to SHRTIMER/I2S2
01/11: Configure PC11 alternate function to SHRTIMER
10: Configure PC11 alternate function to 12S2
21 Reserved Must be kept at reset value
20 PC10_AFCFG PC10 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PC10 alternate function to 12C2
1: Configure PC10 alternate function to 12C2
19:18 PC9_AFCFG[1:0] PC9 AF function configuration bits

These bits are set and cleared by software.
00: Do not configure PC9 alternate function to SHRTIMER/I12C2
01/11: Configure PC9 alternate function to SHRTIMER
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17:16

15:14

13:12

11

10:7

5:4

3:1

PC8_AFCFGI[1:0]

PC7_AFCFG[1:0]

PC6_AFCFG[1:0]

PC5_AFCFG

Reserved

PC3_AFCFG

PC2_AFCFGI[1:0]

Reserved

PCO_AFCFG

10: Configure PC9 alternate function to 12C2

PC8 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PC8 alternate function to SHRTIMER/ USART5
10: Configure PC8 alternate function to USARTS5

01/11: Configure PC8 alternate function to SHRTIMER

PC7 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PC7 alternate function to SHRTIMER/ USART5
01/11: Configure PC7 alternate function to SHRTIMER

10: Configure PC7 alternate function to USART5

PC6 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PC6 alternate function to SHRTIMER/CMP5/USART5
01: Configure PC6 alternate function to CMP5

10: Configure PC6 alternate function to USARTS

11: Configure PC6 alternate function to SHRTIMER

PC5 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PC5 alternate function to TIMER14
1: Configure PC5 alternate function to TIMER14

Must be kept at reset value

PC3 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PC3 alternate function to USBHS
1: Configure PC3 alternate function to USBHS

PC2 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PC2 alternate function to USBHS/I2S1
01/11: Configure PC2 alternate function to 12S1

10: Configure PC2 alternate function to USBHS

Must be kept at reset value

PCO AF function configuration register

This bit is set and cleared by software

0: Do not configure PCO alternate function to USBHS
1: Configure PCO alternate function to USBHS
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8.5.20. AFIO port configuration register D (AFIO_PCFD)
Address offset: 0x48
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PD5_AFC PD4_AFC
Reserved Reserved Reserved
FG FG
w w
Bits Fields Descriptions
31:11 Reserved Must be kept at reset value
10 PD5_AFCFG PD5 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PD5 alternate function to SHRTIMER
1: Configure PD5 alternate function to SHRTIMER
9 Reserved Must be kept at reset value
8 PD4_AFCFG PD4 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PD4 alternate function to SHRTIMER
1: Configure PD4 alternate function to SHRTIMER
7:0 Reserved Must be kept at reset value
8.5.21. AFIO port configuration register E (AFIO_PCFE)
Address offset: 0x4C
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PE13_AF PE12_AF PE11_AF PE10_AF PE9_AFC PE8_AFC
Reserved Reserved Reserved Reserved Reserved Reserved
CFG CFG CFG CFG FG FG
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PE1_AFCFG[1:0] PEO_AFCFG[1:0]
2 2
Bits Fields Descriptions
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31:27 Reserved Must be kept at reset value
26 PE13_AFCFG PE13 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PE13 alternate function to CMP1
1: Configure PE13 alternate function to CMP1
25 Reserved Must be kept at reset value
24 PE12_AFCFG PE12 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PE12 alternate function to CMP3
1: Configure PE12 alternate function to CMP3
23 Reserved Must be kept at reset value
22 PE11_AFCFG PE11 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PE11 alternate function to CMP5
1: Configure PE11 alternate function to CMP5
21 Reserved Must be kept at reset value
20 PE10_AFCFG PE10 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PE10 alternate function to CMP5
1: Configure PE10 alternate function to CMP5
19 Reserved Must be kept at reset value
18 PE9_AFCFG PE9 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PE9 alternate function to CMP3
1: Configure PE9 alternate function to CMP3
17 Reserved Must be kept at reset value
16 PE8_AFCFG PE8 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PES8 alternate function to CMP1
1: Configure PES8 alternate function to CMP1
15:4 Reserved Must be kept at reset value
3:2 PE1_AFCFG[1:0] PE1 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PE1 alternate function to SHRTIMER/CAN2
01: Configure PE1 alternate function to CAN2

10/11: Configure PEL1 alternate function to SHRTIMER

Note: CAN2 is available only in connectivity line devices.
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1.0

8.5.22.

31 30

PEO_AFCFG[1:0] PEO AF function enable configuration bits

These bits are set and cleared by software.

00: Do not configure PEO alternate function to SHRTIMER/CAN2
01: Configure PEO alternate function to CAN2

10/11: Configure PEO alternate function to SHRTIMER

Note: CAN2 is available only in connectivity line devices.

AFIO port configuration register G (AFIO_PCFG)

Address offset: 0x54
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

PG14_AF PG13_AF PG12_AF PG11_AF PG10_AF PG9_AF
Reserved Reserved Reserved Reserved Reserved Reserved Reserved
CFG CFG CFG CFG CFG CFG
w w w I\ rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PG6_AFC
PG7_AFCFG[1:0] |Reserved Reserved
FG
w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value.
28 PG14_AFCFG PG14 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PG14 alternate function to USART5
1: Configure PG14 alternate function to USART5
27 Reserved Must be kept at reset value.
26 PG13_AFCFG PG13 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PG13 alternate function to SHRTIMER
1: Configure PG13 alternate function to SHRTIMER
25 Reserved Must be kept at reset value.
24 PG12_AFCFG PG12 AF function configuration bit
This bit is set and cleared by software.
0: Do not configure PG12 alternate function to SHRTIMER
1: Configure PG12 alternate function to SHRTIMER
23 Reserved Must be kept at reset value.
22 PG11_AFCFG PG11 AF function configuration bit
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21

20

19

18

17:16

15:14

13

12

11:0

Reserved

PG10_AFCFG

Reserved

PG9_AFCFG

Reserved

PG7_AFCFG[1:0]

Reserved

PG6_AFCFG

Reserved

This bit is set and cleared by software.
0: Do not configure PG11 alternate function to SHRTIMER
1: Configure PG11 alternate function to SHRTIMER

Must be kept at reset value.

PG10 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PG10 alternate function to SHRTIMER
1: Configure PG10 alternate function to SHRTIMER

Must be kept at reset value.

PG9 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PG9 alternate function to USART5
1: Configure PG9 alternate function to USART5

Must be kept at reset value.

PG7 AF function configuration bits

These bits are set and cleared by software.

00: Do not configure PG7 alternate function to SHRTIMER/ USART5
01: Configure PG7 alternate function to USART5

10/11: Configure PG7 alternate function to SHRTIMER

Must be kept at reset value.

PG6 AF function configuration bit

This bit is set and cleared by software.

0: Do not configure PG6 alternate function to SHRTIMER
1: Configure PG6 alternate function to SHRTIMER

Must be kept at reset value.
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9. Cyclic redundancy checks management unit (CRC)
9.1. Overview

A cyclic redundancy check management (CRC) is an error-detecting code commonly used in
digital networks and storage devices to detect accidental changes to raw data.

This CRC management unit can be used to calculate 7/8/16/32 bit CRC code within user
configurable polynomial.

9.2. Characteristics

Supports 7/8/16/32 bit data input

For 7 (8)/16/32 bit input data length, the calculation cycles are 1/2/4 AHB clock cycles
User configurable polynomial value and size
After CRC module - reset, user can configure initial value

Free 8-bit register is unrelated to calculation and can be used for any other goals by any
other peripheral devices
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Figure 9-1. Block diagram of CRC management unit

Data Input
: :) Input Data Register (32 bit)
CRC Management Unit
configurable polynomial
AHB
BUS
Interface
Data Output
< < Output Data Register (32 bit)
Data Access
 CE— > Free Purpose Register (8 bit)

9.3. Function overview

B CRC management unit is used to calculate the 32-bit raw data, and CRC_DATA register
will receive the raw data and store the calculation result.

If the CRC_DATA register has not been cleared by setting the CRC_CTL register, the new
input raw data will be calculated based on the result of previous value of CRC_DATA.

CRC management will spend 4/2/1 AHB clock cycles for 32/16/8(7) bit data size. During this
period, AHB will not be hanged because of the existence of the 32bit input buffer.

B This module supplies an 8-bit free register CRC_FDATA.

CRC_FDATA is unrelated to the CRC calculation. Independent read and write operations can
be performed at any time.

B Reversible function can reverse the input data and output data.
For input data, 3 reverse types can be selected.

Original data is 0x3456CDEF:
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1) byte reverse:

32-bit data is divided into 4 groups and reverse implement in group inside. Reversed
data: Ox2C6AB3F7

2) half-word reverse:

32-bit data is divided into 2 groups and reverse implement in group inside. Reversed
data: Ox6A2CF7B3

3) word reverse:

32-bit data is divided into 1 groups and reverse implement in group inside. Reversed
data: OxXF7B36A2C

For output data, reverse type is word reverse.

For example: when REV_0O=1, calculation result 0x3344CCDD will be converted to
0xBB3322CC.

B User configurable initial calculation data is available.

When RST bit is set or write operation to CRC_IDATA register, the CRC_DATA register will
be automatically initialized to the value in CRC_IDATA.

B User configurable polynomial.

B Depends on PS[1:0] bits, the valid polynomial and output bit width can be selected by
user. If the polynomial is less than 32 bit, the high bits of the input data and output data
is unavailable. It is strongly recommend resetting the CRC management unit after
change the PS[1:0] bits or polynomial.
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9.4. Register definition
CRC base address: 0x4002 3000

9.4.1. Data register (CRC_DATA)

Address offset: 0x00
Reset value: OXxFFFF FFFF

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ DATA[31:16] |
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA[15:0] |
w
Bits Fields Descriptions
31:.0 DATA[31:0] CRC calculation result bits

Software writes and reads.
This register is used to calculate new data, and the register can be written the new
data directly. Write value cannot be read because the read value is the previous

CRC calculation result.

9.4.2. Free data register (CRC_FDATA)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved FDATA[7:0]

w

Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7:0 FDATA[7:0] Free data register bits

Software writes and reads.
These bits are unrelated with CRC calculation. This byte can be used for any goal
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by any other peripheral. The CRC_CTL register will generate no effect to the byte.
9.4.3. Control register (CRC_CTL)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ ‘ REV_O ‘ REV_I[1:0] PS[1:0] Reserved ‘ RST |
rw w w rs
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7 REV_O Reverse output data value in bit order
0:Not bit reversed for output data
1:Bit reversed for output data
6:5 REV_I[1:0] Reverse type for input data
0: Dot not use reverse for input data
1: Reverse input data with every 8-bit length
2: Reverse input data with every 16-bit length
3: Reverse input data with whole 32-bit length
4:3 PS[1:0] Size of polynomial
0: 32 bit
1: 16 bit ( POLY [15:0] is used for calculation. )
2: 8 bit (POLY [7:0] is used for calculation. )
3: 7 bit (POLY [6:0] is used for calculation. )
2:1 Reserved Must be kept at reset value.
0 RST Software writes and reads.
Set this bit can reset the CRC_DATA register.
When set, the value of the CRC_DATA register is automatically initialized to the
value in the CRC_IDATA register and then automatically cleared by hardware. This
bit will take no effect to CRC_FDATA.
9.4.4. Initialization data register (CRC_IDATA)

Address offset: 0x10
Reset value: OxFFFF FFFF
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This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ IDATA[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IDATA[15:0]
w
Bits Fields Descriptions
310 IDATA[31:0] Configurable initial CRC data value
When RST bitin CRC_CTL asserted, CRC_DATA will be programmed to this value.
9.4.5. Polynomial register (CRC_POLY)
Address offset: 0x14
Reset value: 0x04C1 1DB7
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
POLY[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
POLY[15:0]
w
Bits Fields Descriptions
31.0 POLY[31:0] User configurable polynomial value

This value is used together with PS[1:0] bits.
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10. Trigonometric Math Unit (TMU)
10.1. Overview
The Trigonometric Math Unit (TMU) is a fully configurable block that execute common
trigonometric and arithmetic operations.
The TMU calculation unit can be used to calculate total 9 kinds of operations. The operation
data must meet IEEE 32-Bit Single Precision Floating-Point Format.
10.2. Characteristics
B Input data and result support 32-Bit Single Precision Floating-Point Format
B 9 different operation modes
Table 10-1. 9 different operation modes
Mode Number Operation
0 RO =x * 21
1 RO = x/2m
2 RO = vx
3 RO =sin (x)
4 RO = cos(x)
5 RO = arctan (x)
6 RO = Ratio of X & Y, R1 = Quadrant value (0.0, £0.25, +0.5)
7 RO = x/y
8 RO = |/x2+y2
B For mode 0 and 1, operation finishes in 4 clock cycles. For others mode, 7 clock cycles
is needed
B The overflow and underflow error flag can be read in the status register
B Optional operation finish interrupt
10.3. Function overview
10.3.1. TMU block diagram

The TMU block diagram show as Figure 10-1. Block diagram of Trigonometric Math Unit.
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Figure 10-1. Block diagram of Trigonometric Math Unit
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AHB | v
Interface ( ) . ( ) (
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10.3.2. Data format

The operation data and calculation result data format is given in Table 10-2. IEEE 32-Bit
Single Precision Floating-Point Format. They must meet IEEE 32 bit Single Precision
Floating-Point.

Table 10-2. IEEE 32-Bit Single Precision Floating-Point Format

S [31] E [30:23] M [22:0] Value (V)

0 0 0 Zero (V =0)

1 0 0 Negative Zero (V = -0)
0 +ve 0 non zero De-normalized (V=(— 1)3*2(_126)* (0.Mm))
1 -ve
0 +ve 1to 254 0 to OX7FFFFF Normal Range(V=(—1)"*2E~"2D (1))
1 -ve

0 254 OX7FFFFF Positive Max (V = +Max)

1 254 OX7FFFFF Negative Max (V = -Max)

0 max=255 0 Positive Infinity (V = +Infinity)

1 max=255 0 Negative Infinity (V = -Infinity)

X max=255 non zero Not A Number (V = NaN)

The treatment of the various IEEE floating-point numerical formats for this TMU is given below:

Negative Zero: All TMU operations generate a positive (S=0, E=0, M=0) zero, never a
negative zero if the result of the operation is zero. All TMU operations treat negative zero
operations as zero.

De-Normalized Numbers: A de-normalized operand (E=0, M!=0) input is treated as zero
(E=0, M=0) by all TMU operations. TMU operations never generate a de-normalized value.

Underflow: Underflow occurs when an operation generates a value that is too small to
represent in the given floating-point format. Under such cases, a zero value is returned. If a
TMU operation generates an underflow condition, then the latched underflow flag (UDRF) is
set to 1. The UDRF flag will remain latched until the next new operation is started.

Overflow: Overflow occurs when an operation generates a value that is too large to represent
in the given floating-point format. Under such cases, a positive or negtive Infinity value is
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returned. If a TMU operation generates an overflow condition, then the latched overflow flag
(OVREF) is setto 1. The OVRF flag will remain latched until the next new operation is started.
Rounding: There are various rounding formats supported by the IEEE standard. Rounding
has no meaning for TMU operations (rounding is inherent in the implementation). Hence
rounding mode is ignored by TMU operations.
Infinity and Not a Number (NaN): An NaN operand (E=max, M!=0) input is treated as Infinity
(E=max, M=0) for all operations. TMU operations will never generate a NaN value but Infinity
instead.
10.3.3. Mode 0 description
This operation is equivalent as RO = x * 2 = . x is the input operation data, RO is the calculation
result.
This operation is used in converting per-unit values to radians. Per-unit values are used in
control applications to represent normalized radians. If mode 0 is used in converting per-unit
values to radians, input data should meet the range of [-1, 1]:
Table 10-3. Convert per-unit values to radians in Mode 0
Per-unit Radians
1.0 21
0.0 0
-1.0 -21
This mode only has OVRF flag and UDRF =0. The OVRF condition is as below:
If RO result is too big for floating-point number (E > 255), RO = X Infinity, OVRF = 1.
10.3.4. Mode 1 description

This operation is equivalent as RO = x /2 = . x is the input operation data, RO is the calculation
result.

This operation is used in converting radians to per-unit values. Per unit values are used in
control representing normalized Radians. If mode 1 is used in converting radians to per-unit
values, input data should meet the range of [-2®, 2 ]

Table 10-4. Convert radians values to per-unit values in Mode 1

Per-unit Radians
1.0 21
0.0 0
-1.0 =21

This mode only has UDRF flag and OVRF =0. The UDRF condition is as below:

If RO result is too small for floating-point number (E < 0), RO = 0.0, UDRF = 1.
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10.3.5.

10.3.6.

Mode 2 description

This operation is equivalent as RO =+/x. x is the input operation data, RO is the calculation
result.

This mode only has OVRF flag and UDRF =0. The OVRF condition is as below:
/* Check if input is negative */
If( x < 0.0 or x == -Infinity ) {
/* Return zero */

S=0;

E=0;

M=0;

[* Set overflow flag */

OVRF = 1;

}

If( x == +Infinity ) {

/* Return Infinity */

S=0;

E = 255;

M=0;

[* Set overflow flag */

OVRF = 1;

}

Mode 3 description

This mode performs the following equivalent operation:

1. Make PerUnit equal to the fraction of x, PerUnit = fraction(x).
2. RO =sin(PerUnit*2m).

In control applications radians are usually normalized to the range of -1.0 to 1.0. It means that
the range of PerUnit * 2 = valuesis (-2, 2 m).

So only the fraction part of operation data x is used in this mode. The x whole part has no
effect on the result. This equates to the sine waveform repeating itself every 2 = radians.
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This mode has no neither UDRF nor OVRF. If the result is too small, the result will return 0.
10.3.7. Mode 4 description
This mode performs the following equivalent operation:
1. Make PerUnit equal to the fraction of x, PerUnit = fraction(x).
2. RO = cos(PerUnit* 2 ).
In control applications radians are usually normalized to the range of -1.0 to 1.0. It means that
the range of PerUnit * 2 = valuesis (-2n,2x).
So only the fraction part of operation data x is used in this mode. The x whole part has no
effect on the result. This equates to the cosine waveform repeating itself every 2 n radians.
This mode has no neither UDRF nor OVRF. If the result is too small, the result will return 0.
10.3.8. Mode 5 description
This mode computes the arc tangent of a given value and returns the result as a per-unit
value: RO = PerUnit = arctan(x)/2 = .
The operation limits the input range of the input value x to [-1, 1].
Values outside this range return 0.125 as follows:
Table 10-5. The range of input value and RO value in Mode 5
X Per Unit Radians RO Value OVRF Flag
>1.0 0.125 pi/4 0.125 1
1.0 0.125 pi/4 0.125 0
0 0 0 0 0
-1.0 -0.125 -pi/4 -0.125 0
<-1.0 -0.125 -pi/4 -0.125 1
This mode only has OVRF flag and UDRF =0. The OVRF condition is that x outside its range
[-1,1].
10.3.9. Mode 6 description

This operation, in conjunction with arctan(x), is used in calculating arctan(x) for a full circle,
full circle arctan(x) = R1 + arctan(RO0) :

X = x value.
Y =y value.
RO = Ratioof X & Y.

R1 = Quadrant value ( 0.0, £0.25, £0.5).
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The algorithm for this mode is as follows:

if (( fabs(Y) == 0.0 ) & ( fabs(X) == 0.0 ) ) {

R1( Quadrant ) = 0.0;

RO( Ratio ) = 0.0;

Jelse if ( fabs(Y) < = fabs(X) ) {

RO(Ratio) =Y /X;

if( X>=0.0)

R1( Quadrant ) = 0.0;
else {

if(Y>=0.0)

R1( Quadrant ) = 0.5;
else

R1( Quadrant ) = -0.5;
}

lelse {

RO( Ratio ) =- X/,
if(Y>=0.0)

R1( Quadrant ) = 0.25;
else

R1( Quadrant ) = -0.25;

}

The Figure 10-2. Calculation of R1 (Quadrant) and RO (Ratio) Based on Y and X Values

shows how the values RO and R1 are generated based on the contents of X and Y.
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Figure 10-2. Calculation of R1 (Quadrant) and RO (Ratio) Based on Y and X Values
If( (Y] > X)) & (¥ >=0))
{ Quadrant = 0.25; Ratio =-X/Y; }
0.375 (PU) = 3*Ti/4 P il o - 0.125 (PU) = /4
0.25 (PU) =m1/2 \\
Y
IR (Y] <= [X) / ry k\
& (X<0)&(Y>=0)) /
{ Quadrant = 0.5; / \
Ratio = Y/X } / \
/ \
\ _ -
0.5 (PU) = v M | |{f(R(£(i|o<:_\|(>l<>|();& (X>=0))
-0.5 (PU) =-m A [' Quadrant = 0.0; }
\
\ | Note: If( (Y==0) & (X ==0) )
If( (Y] <= X) \ /  {Ratio=0.0;
& (X<0)&(Y<0 _ .
{Q(uadr;nt=(-0.5;)) \\ // Quadrant=0.0; }
Ratio= Y/X } /
-0.25 (PU) =-T1/2
Ve
N b
-0.375 (PU) = -3*1i/4 \\\\ _ _-- -0.125 (PU) = -T/4
I (Y > X)) & (Y <0))
{ Quadrant = -0.25; Ratio = -X/Y }
This mode has both UDRF and OVRF. The UDRF and OVRF condition is as below table:
Table 10-6. The condition of UDRF and OVRF flag in Mode 6
Division(Ratio of X & Y) RO OVRF UDRF
0/0 0 1 0
O/Inf 0 0 1
Inf/Inf inf 0 1
Normal/Inf 0 0 1
10.3.10. Mode 7 description

This operation is equivalent as RO = x/y. x and y is the input operation data, RO is the
calculation result.

This mode has both UDRF and OVRF. The UDRF and OVRF condition is as below table:

Table 10-7. The condition of UDRF and OVREF flag in Mode 7

Division( X/Y) RO OVRF UDRF

0/0 0 1 0

0/Inf 0 0 1
Inf/Normal inf 1 0
Inf/0 inf 1 0
Inf/Inf inf 0 1
Normal/O inf 1 0
Normal/Inf 0 0 1
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10.3.11. Mode 8 description
This operation is equivalent as RO = /x2+y2. x and y is the input operation data, RO is the
calculation result.
This mode only has OVRF flag and UDRF =0. The OVRF condition is as below:
If RO result is too big for floating-point number (E > 255), RO = +Infinity, OVRF = 1.
10.4. Software guideline

It is recommended to use the following procedure to read back the TMU result.

1.

5.

Write TMU_IDATAQO register, if mode is 6 or 7 or 8 the TMU_IDATA1 register should also
be written.

Configure the operation mode and interrupt enable bit, write the TMUEN bit to start the
calculation.

The interrupt will be asserted as soon as the calculation finishes if the interrupt enable is
1, otherwise the software should poll the TMUEN bit and wait until the TMUEN bit is 0.
Read the TMU_DATAQO register, if the mode is 6 the TMU_DATA1 register should also be
read.

Read the UDRF and OVREF bit to guarantee no error occurs.

TMU program guidline show as Figure 10-3. TMU program guidline.
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Figure 10-3. TMU program guidline
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10.5. TMU register

TMU base address: 0x4008 0000

10.5.1. Input dataO register (TMU_IDATAO)

Address offset: 0x00
Reset value: 0x3F80 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ IDATAOQ[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IDATAQ[15:0]
w
Bits Fields Descriptions
31:.0 IDATAO[31:0] The value of input data

Mode0~5: IDATAQO is the only operation data

Mode6: IDATAQO is the X value

Mode7: IDATAO is the dividend

Mode8: IDATAO is the X value or Y value

IDATAO must meet IEEE 32-Bit Single Precision Floating-Point Format.

10.5.2. Input data1 register (TMU_IDATA1)

Address offset: 0x04
Reset value: 0x3F80 0000

This register has to be accessed by word (32-bit).

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

‘ IDATA1[31:16]

w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IDATA1[15:0]
w
Bits Fields Descriptions
31:.0 IDATA1[31:0] The value of input data

ModeO~5: IDATAL1 is ignored
mode6: IDATAL is the Y value
mode7: IDATAL is the divisor

261



Z

GigaDevice

GD32E51x User Manual

10.5.3.

31

30

mode8: IDATAL is the X value or Y value

IDATAL must meet IEEE 32-Bit Single Precision Floating-Point Format.

Control register (TMU_CTL)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

29 28 27 26 25 24 23

19 18

17

16

Reserved

15

14

13 12 11 10 9 8

Reserved

‘ CFIF ‘ CFIE ‘

MODE

Bits

Fields Descriptions

31.7

4:1

Reserved Must be kept at reset value.

CFIF Calculation finish interrupt flag

When CFIE is enable, this bit and interrupt signal will be asserted 1 as soon as the

calculation finished. And this bit and interrupt signal will be asserted 0O if

TMU_DATAO or TMU_DATAL or TMU_STAT is read.

CFIE The bit of enable calculation finish interrupt
1: enable calculation finish interrupt
0: disable calculation finish interrupt

MODE][3:0] Set the mode of TMU:
0000: RO = x * 21
0001: RO = x/2m
0010: RO = +/x
0011: RO = sin(x)
0100: RO = cos(x)
0101: RO = arctan(x)

0110: RO = Ratio of X & Y, R1 = Quadrant value

0111: RO = x/y

1000: RO = /x2+y?

1001~1111: reserved

TMUEN The bit of enable TMU

Write 1 to start TMU module calculation. Hardware clear this bit to 0 if calculation

finished.
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10.5.4. Data0 register (TMU_DATAO0)

Address offset: 0x0C
Reset value: 0x3400 0000

This reg