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1.

1.1.

System and memory architecture

The devices of GD32F30x series are 32-bit general-purpose microcontrollers based on the
Arm® Cortex®-M4 processor. The Arm® Cortex®-M4 processor includes three AHB buses
known as I-Code, D-Code and System buses. All memory accesses of the Arm® Cortex®-M4
processor are executed on the three 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®-M4 processor

The Cortex®-M4 processor is a 32-bit processor that possesses low interrupt latency and low-
cost debug. The characteristics of integrated and advanced make the Cortex®-M4 processor
suitable for market products that require microcontrollers with high performance and low
power consumption. The Cortex®-M4 processor is based on the ARMv7 architecture and
supports a powerful and scalable instruction set including general data processing 1/O control
tasks, advanced data processing bit field manipulations and DSP. Some system peripherals
listed below are also provided by Cortex®-M4:

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

Nested Vectored Interrupt Controller (NVIC)

Flash Patch and Breakpoint (FPB)

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)

Figure 1-1. The structure of the Cortex®-M4 processor shows the Cortex®-M4
processor block diagram. For more information, please refer to the Arm® Cortex®-M4

Technical Reference Manual.
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Figure 1-1. The structure of the Cortex®-M4 processor
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1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32F30x 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

IBUS |DBUS (SBUS | DMAO | DMA1| ENET
FMC-l | 1
FMC-D 1 1 1
SRAM | 1 1 1 1 1 1
EXMC | 1 1 1 1 1 1

31



€

GigaDevice

GD32F30x User Manual

IBUS |DBUS |SBUS IDMAO [ DMA1| ENET

AHB 1 1 1
APB1 1 1 1
APB2 1 1 1

As is shown above, there are several masters connected with the AHB interconnect matrix,
including IBUS, DBUS, SBUS, DMAO, DMA1 and ENET. IBUS is the instruction bus of the
Cortex®-M4 core, which is used for instruction/vector fetches from the Code region (0x0000
0000 ~ Ox1FFF FFFF). DBUS is the data bus of the Cortex®-M4 core, which is used for
loading/storing data and also for debugging access of the Code region. Similarly, SBUS is
the system bus of the Cortex®-M4 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.

There are also several slaves connected with the AHB interconnect matrix, including FMC-I,
FMC-D, SRAM, EXMC, AHB, APB1 and APB2. FMC-I is the instruction bus of the flash
memory controller, while FMC-D is the data bus of the flash memory controller. SRAM is on-
chip static random access memories. EXMC is the external memory controller. AHB is the
AHB bus connected with all of the AHB slaves, 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 60 MHz, APB2 operates at full speed (up to 120MHz 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. GD32F303 series system architecture
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Figure 1-3. GD32F305 and GD32F307 series system architecture
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1.3. Memory map

The Arm® Cortex®-M4 processor is structured in Harvard architecture which can use separate
buses to fetch instructions and load/store data. The instruction code and data are both located
in the same memory address space but in different address ranges. Program memory, data

memory, registers and I/O ports are organized within the same linear 4-Gbyte address space
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which is the maximum address range of the Cortex®-M4 since the bus address width is 32-
bit. Additionally, a pre-defined memory map is provided by the Cortex®-M4 processor to

reduce the software complexity of repeated implementation of different device vendors. In the

map, some regions are used by the Arm® Cortex®-M4 system peripherals which can not be

modified. However, the other regions are available to the vendors. Table 1-2. Memory map

of GD32F30x devices shows the memory map of the GD32F30x series 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 GD32F30x devices

Pre-defined
Regions Bus Address Peripherals
External
device 0xA000 0000 - 0xA000 OFFF EXMC - SWREG
0x9000 0000 - 0x9FFF FFFF EXMC - PC CARD
AHB3 0x7000 0000 - Ox8FFF FFFF EXMC - NAND

External RAM EXMC -

0x6000 0000 - Ox6FFF FFFF NOR/PSRAM/SRA
M
0x5000 0000 - 0x5003 FFFF USBFS
0x4008 0000 - 0x4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF Reserved
0x4002 BCOO - 0x4003 FFFF Reserved
0x4002 BO0O - 0x4002 BBFF Reserved
0x4002 AO0O - 0x4002 AFFF Reserved
0x4002 8000 - 0x4002 9FFF ENET
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF Reserved
0x4002 6000 - 0x4002 63FF Reserved
0x4002 5000 - 0x4002 5FFF Reserved
Peripheral AHBA 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 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
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Pre-defined

Regions

Bus Address Peripherals
0x4002 0C00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF Reserved
0x4002 0400 - 0x4002 07FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 8400 - 0x4001 FFFF Reserved
0x4001 8000 - 0x4001 83FF SDIO
0x4001 7C00 - 0x4001 7FFF Reserved
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF Reserved
0x4001 7000 - 0x4001 73FF Reserved
0x4001 6C00 - 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 4C00 - 0x4001 4FFF TIMERS
0x4001 4800 - 0x4001 4BFF Reserved
0x4001 4400 - 0x4001 47FF Reserved
0x4001 4000 - 0x4001 43FF Reserved
0x4001 3C00 - 0x4001 3FFF ADC2

APB2 0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF TIMER?
0x4001 3000 - 0x4001 33FF SPIO
0x4001 2C00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF ADC1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF GPIOG
0x4001 1C00 - 0x4001 1FFF GPIOF
0x4001 1800 - 0x4001 1BFF GPIOE
0x4001 1400 - 0x4001 17FF GPIOD
0x4001 1000 - 0x4001 13FF GPIOC
0x4001 0C00 - 0x4001 OFFF GPIOB
0x4001 0800 - 0x4001 OBFF GPIOA
0x4001 0400 - 0x4001 07FF EXTI
0x4001 0000 - 0x4001 03FF AFIO
0x4000 CCO0O0 - 0x4000 FFFF Reserved
0x4000 C800 - 0x4000 CBFF CTC

APBI 0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF Reserved
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Pre-defined
Regions Bus Address Peripherals
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7C00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF DAC
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 USBDICAN
SRAM 512 bytes

0x4000 5C00 - 0x4000 5FFF uUsBD
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4C00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF SPI2/1282
0x4000 3800 - 0x4000 3BFF SPI11/12S1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2C00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1C00 - 0x4000 1FFF TIMER12
0x4000 1800 - 0x4000 1BFF TIMER11
0x4000 1400 - 0x4000 17FF TIMER6
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0C00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x2007 0000 - 0x3FFF FFFF Reserved
0x2006 0000 - 0x2006 FFFF Reserved

SRAM AHB 0x2003 0000 - 0x2005 FFFF Reserved
0x2002 0000 - 0x2002 FFFF Reserved
0x2001 8000 - 0x2001 FFFF Reserved
0x2000 0000 - 0x2001 7FFF SRAM
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Pre-defined
. Bus Address Peripherals
Regions
O0x1FFF F810 - 0x1FFF FFFF Reserved
0x1FFF F800 - Ox1FFF F80F Option Bytes
0x1FFF B0OOO - Ox1FFF F7FF Boot loader
O0x1FFF 7A10 - Ox1FFF AFFF Reserved
0x1FFF 7800 - Ox1FFF 7AOF Reserved
0x1FFF 0000 - Ox1FFF 77FF Reserved
0x1FFE C010 - OXx1FFE FFFF Reserved
Code AHB
0x1FFE C000 - Ox1FFE COOF Reserved
0x1001 0000 - Ox1FFE BFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x083C 0000 - OXxOFFF FFFF Reserved
0x0830 0000 - 0x083B FFFF Reserved
0x0800 0000 - 0x082F FFFF Main Flash
0x0030 0000 - Ox07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF
Aliased to Main
0x0002 0000 - 0x000F FFFF
Flash or Boot loader
0x0000 0000 - 0x0001 FFFF
1.31. Bit-banding

In order to reduce the time of read-modify-write operations, the Cortex®-M4 processor
provides a bit-banding function to perform a single atomic bit operation. The memory map
includes two bit-band regions. These occupy the SRAM and Peripherals respectively. These
bit-band regions map each word in an alias region of memory to a bit in a bit-band region of
memory.

A mapping formula shows how to reference each word in the alias region to a corresponding
bit, or target bit, in the bit-band region. The mapping formula is:

bit_word_addr =bit_band_base +(byte_offsetx32)+(bit_numberx4) (1-1)
where:

B bit word_addr is the address of the word in the alias memory region that maps to the
targeted bit.
B bit band_base is the starting address of the alias region.

byte offset is the number of the byte in the bit-band region that contains the targeted bit.
B bit_ number is the bit position (0-7) of the targeted bit.

For example, to access bit 7 of address 0x2000 0200, the bit-band alias is:
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bit_word_addr = 0x2200 0000 + (0x200 * 32)+ (7 * 4)= 0x2200 401C (1-2)
Writing to address 0x2200 401C will cause bit 7 of address 0x2000 0200 change while a read
to address 0x2200 401C will return 0x01 or 0x00 according to the value of bit 7 at the SRAM
address 0x2000 0200.
1.3.2. On-chip SRAM memory
The GD32F30x series of devices contain up to 96 KB of on-chip SRAM which starts at the
address 0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) accesses.
1.3.3. On-chip flash memory overview
The devices provide high density on-chip flash memory, which is organized as follows:
B Up to 3072KB of main flash memory.
B Up to 18KB of information blocks for the boot loader.
B Option bytes to configure the device.
GD32F303xx microcontrollers where the flash memory density ranges between 128 and 512
Kbytes are called High-density devices (GD32F30X_HD).
GD32F303xx microcontrollers where the flash memory density is over 512 Kbytes are called
Extra-density devices (GD32F30X_XD).
GD32F305xx and GD32F307xx microcontrollers are called connectivity line devices
(GD32F30X_CL).
Refer to Flash Memory Controller (FMC) Chapter for more details.
1.4. Boot configuration

The GD32F30x devices provide three kinds of boot sources which can be selected by the
BOOTO and BOOT1 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
Boot1 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®-M4 processor fetches the top-
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1.5.

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 0x1FFF FOQO, please refer to Table 2-1. GD32F30x CL and GD32F30x HD,
GD32F30x XD 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 boot loader is located in the System memory, which is used to reprogram the
Flash memory.

GD32F3 MCU embedded bootloader supports multi interfaces to update the Flash
memory.There will be one or two USART ports, and standard USB port can be used on

GD32F30x line products. The details are shown in the followingTable 1-4. Bootloader
supported peripherals.

Table 1-4. Bootloader supported peripherals

Products line Products Supported serial peripherals

HD GD32F303xx USARTO(PA9 PA10)

USARTO(PA9 PA10)
USART1(PA2 PA3)
USARTO(PA9 PA10)
GD32F305xx USART1(PD5 PD6)
USB(PA9 PA11 PA12)
USARTO(PA9 PA10)
GD32F307xx USART1(PD5 PD6)
USB(PA9 PA11 PA12)

XD GD32F303xx

CL

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 F7EOQ
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: 0x0008 indicates 8 Kbytes.

15:0 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0020 indicates 32 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]
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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

UNIQUE_ID[95:80]

r

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

UNIQUE_ID[79:64]

r

Bits Fields Descriptions
31:0 UNIQUE_ID[95:64] Unique device ID
1.6. System configuration registers

Base address: 0x4002 103C

Reset value: 0x0000 0000

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

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

w

Bits Fields Descriptions
31:8 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. Flash memory controller (FMC)
21. Introduction
The flash memory controller, FMC, provides all the necessary functions for the on-chip flash
memory. There is no waiting time while CPU executes instructions stored in the first 256K
bytes of the flash. It also provides page erase, mass erase, and word/half-word/bit program
operations for flash memory.
2.2. Main features
B Up to 3072KB of on-chip flash memory for instruction and data;
B No waiting time within first 256K bytes when CPU executes instructions. A long delay
when CPU fetches the instructions out of the range;
B 2 banks adopted for GD32F30x_CL and GD32F30x_XD. BankO is used for the first
512KB and bank1 is for the rest capacity;
B Only bank0 is adopted for GD32F30x_CL with flash no more than 512KB and
GD32F30x_HD;
B The flash page size is 2KB for bank0, 4KB for bank1;
B Word/half-word/bit programming, page erase and mass erase operation;
B 16B option bytes block for user application requirements;
B Option bytes are uploaded to the option byte control registers on every system reset;
B Flash security protection to prevent illegal code/data access;
B Page erase/program protection to prevent unexpected operation.
2.3. Function description
2.31. Flash memory architecture

For GD32F30x_CL with flash no more than 512KB and GD32F30x_HD, the page size is 2KB.
For GD32F30x_CL and GD32F30x_XD, bankO is used for the first 512KB where the page
size is 2KB. Bank1 is used for the rest capacity where the page size is 4KB. Each page can
be erased individually.

Table 2-1. GD32F30x CL and GD32F30x HD, GD32F30x XD base address and size for
flash memory shows the details of flash organization.

Table 2-1. GD32F30x_CL and GD32F30x_HD, GD32F30x_XD base address and size for
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flash memory
size
Block Name Address Range
(bytes)
Page 0 0x0800 0000 - 0x0800 O7FF 2KB
Page 1 0x0800 0800 - 0x0800 OFFF 2KB
Page 2 0x0800 1000 - 0x0800 17FF 2KB
Main Flash Block Page 255 0x0807 F800 - 0x0807 FFFF 2KB
Page 256 0x0808 0000 - 0x0808 OFFF 4KB
Page 257 0x0808 1000 - 0x0808 1FFF 4KB
Page 895 0x082F FO0O - 0x082F FFFF 4KB
inf GD32F30x_HD Ox1FFF FO0O- Ox1FFF F7FF 2KB
nformati —
Block GD32F30x_XD | Boot loader area | Ox1FFF E000- Ox1FFF F7FF 6KB
on Bloc
GD32F30x_CL 0x1FFF B000- Ox1FFF F7FF 18KB
Option bytes Block Option bytes 0x1FFF F800 - Ox1FFF F80F 16B
Note: The Information Block stores the boot loader. This block cannot be programmed or
erased by user.
2.3.2. 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 IBUS or DBUS from the CPU.
2.3.3. Unlock the FMC_CTLx registers

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

The OBPG bit and OBER bit in FMC_CTLO are still protected even the FMC_CTLO is
unlocked. The unlocking sequence is two write operations, which are writing 0x45670123 and
OxCDEF89AB to FMC_OBKEY register. And then the hardware sets the OBWEN bit in
FMC_CTLO register to 1. The software can reset OBWEN bit to 0 to protect the OBPG bit and
OBER bit in FMC_CTLO register again.
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2.3.4.

For the GD32F30x_CL and GD32F30x_XD, the FMC_CTLO register is used to configure the
operations to bank0 and the option bytes block, while FMC_CTL1 register is used to configure
the program and erase operations to bank1. The lock/unlock mechanism of FMC_CTL1
register is similar to FMC_CTLO register. The unlock sequence should be written to
FMC_KEY1 when unlocking FMC_CTL1.

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.

1. Unlock the FMC_CTLx registers if necessary;

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

3. Setthe PER bitin FMC_CTLx registers;

4. Write the page absolute address (0x08XX XXXX) into the FMC_ADDRX registers;

5. Send the page erase command to the FMC by setting the START bit in FMC_CTLx
registers;

6. Wait until all the operations have finished by checking the value of the BUSY bit in
FMC_STATx registers;

7. Read and verify the page if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATXx registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLXx registers is set. Note
that a correct target page address must be confirmed. Or the software may run out of control
if the target erase page is being used to fetch codes or to access data. The FMC will not
provide any notification when this occurs. 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_CTLx registers is set. The software
can check the WPERR bit in the FMC_STATXx registers to detect this condition in the interrupt
handler. Figure 2-1. Process of page erase operation shows the page erase operation flow.
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Figure 2-1. Process of page erase operation
Start
Is the LK bit is 0 l;'l:,:‘c’:‘i'::t;‘f —‘
Yes :
Set the PER bit,
Write
FMC_ADDR
A
Send the command
to FMC by set
START bit
v
No
Is the BUSY bit is 0
Finish
For the GD32F30x_CL and GD32F30x_XD, FMC_STATO reflects the operation status of
bank0, and FMC_ STAT1 reflects the operation status of bank1. The page erase procedure
applied to bank1 is similar to the procedure applied to bank0. Especially, when erasing page
in bank1 under security protection, the address should not only be written to FMC_ADRR1
but also to FMC_ADDRO.
2.3.5. Mass erase

The FMC provides a complete erase function which is used to initialize the main flash block
contents. This erase can affect only on Bank0O by setting MER bit to 1 in the FMC_CTLO
register, or only on Bank1 by setting MER bit to 1 in the FMC_CTL1 register, or on entire flash
by setting MER bits to 1 in FMC_CTLO register and FMC_CTL1 register. The following steps
show the mass erase register access sequence.

1. Unlock the FMC_CTLx registers if necessary;
2. Check the BUSY bit in FMC_STATXx registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished;
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3. Set MER bit in FMC_CTLO register if erase BankO only. Set MER bit in FMC_CTL1
register if erase Bank1 only. Set MER bits in in FMC_CTLO register and FMC_CTLA1
register if erase entire flash;

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

5. Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STATx registers;

6. Read and verify the flash memory if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATX registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLx registers 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 by using the debugging tool that accesses
the FMC registers directly.

For the GD32F30x_CL and GD32F30x_XD, the mass erase procedure applied to bank1 is
similar to the procedure applied to bank0.

Figure 2-2. Process of mass erase operation indicates the mass erase operation flow.

Figure 2-2. Process of mass erase operation
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/
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2.3.6.

Main flash programming

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

Unlock the FMC_CTLx registers if necessary;

2. Check the BUSY bit in FMC_STATXx registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished;

3. Setthe PG bitin FMC_CTLx registers;

4. Write a 32-bit word/16-bit half word to desired absolute address (0x08XX XXXX) by
DBUS;

5. Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STATx registers;

6. Read and verify the Flash memory if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATXx registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLx registers is set. Note
that the word/half word programming operation checks the address if it has been erased. If
the address has not been erased, PGERR bit in the FMC_STATX registers will be set when
program the address except programming 0x0. Note that the PG bit must be set before the
word/half word programming operation. Additionally, the program operation will be ignored on
erase/program protected pages and WPERR bitin FMC_STATx is set. In these conditions, a
flash operation error interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTLx
registers is set. The software can check the PGERR bit or WPERR bit in the FMC_STATXx
registers to detect which condition occurred in the interrupt handler. Figure 2-3. Process of

word program operation displays the word programming operation flow.
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Figure 2-3. Process of word program operation
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For the GD32F30x_CL and GD32F30x_XD, the program procedure applied to bank1 is
similar to the procedure applied to bankO.

Note: Flash memory accesses failed if the CPU enters the power saving modes.

2.3.7. 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:

1. Unlock the FMC_CTLO register if necessary;

2.  Check the BUSY bit in FMC_STATO register to confirm that no Flash memory operation

is in progress (BUSY equal to 0). Otherwise, wait until the operation has finished;

Unlock the option bytes operation bits in FMC_CTLO register if necessary;

Wait until OBWEN bit is set in FMC_CTLO register;

Set OBER bit in FMC_CTLO register;

Send the option bytes erase command to the FMC by setting the START bit in

FMC_CTLO register;

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

8. Read and verify the Flash memory if required using a DBUS access.

o0k~ w
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When the operation is executed successful, the ENDF in FMC_STATO register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLO register is set.

2.3.8. Option bytes modify
The FMC provides an erase and then program function which is used to modify the option
bytes block in flash. There are 8 pair option bytes. The MSB is the complement of the LSB in
each pair. And 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.

1. Unlock the FMC_CTLO register if necessary;

2. Check the BUSY bit in FMC_STATO register to confirm that no Flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished;

3. Unlock the option bytes operation bits in FMC_CTLO register if necessary;

4. Wait until OBWEN bit is set in FMC_CTLO register;

5. Setthe OBPG bitin FMC_CTLO register;

6. A 32-bit word/16-bit half word write at desired address by DBUS;

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

8. Read and verify the Flash memory if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATO register is set, and

an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLO register is set. Note

that the word/half word programming operation checks the address if it has been erased. If

the address has not been erased, PGERR bit in the FMC_STATO register will set when

program the address except programming 0x0.

The modified option bytes only take effect after a system reset is generated.

2.3.9. Option bytes description

The option bytes block is reloaded to FMC_OBSTAT and FMC_WP registers after each
system reset, and the option bytes take effect. The complement option bytes are the opposite
of option bytes. When option bytes reload, if the complement option byte and option byte do
not match, the OBERR bitin FMC_OBSTAT register is set, and the option byte is set to OxFF.
The OBERR bit is not set if both the option byte and its complement byte are OxFF. Table 2-2.
Option byte is the detail of option bytes.

Table 2-2. Option byte

Address Name Description

Ox1fff f800 SPC option byte Security Protection value
0xAS5 : no security protection

any value except OxA5 : under security protection

0x1fff f801 SPC_N SPC complement value
Ox1fff f802 USER [7:4]: reserved
[3]: BB
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2.3.10.

Address

Name

Description

0: boot from bank1 or bankO if bank1 is void, when
configured boot from main memory

1: boot from bank0, when configured boot from main
memory

[2]: nRST_STDBY

0: generator a reset instead of entering standby mode
1: no reset when entering standby mode

[1]: nRST_DPSLP

0: generator a reset instead of entering Deep-sleep mode
1: no reset when entering Deep-sleep mode

[0]: nWDG_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

Ox 1fff f806

DATA[15:8]

user defined data bit 15 to 8

Ox 1fff f807

DATA_N[15:8]

DATA complement value bit 15 to 8

Ox1fff f808

WP[7:0]

Page Erase/Program Protection bit 7 to 0
0: protection active
1: unprotected

Ox 1fff 809

WP_N[7:0]

WP complement value bit 7 to 0

Ox 1fff f80a

WP[15:8]

Page Erase/Program Protection bit 15 to 8

Ox 1fff 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

0x1fff f80e

WP[31:24]

Page Erase/Program Protection bit 31 to 24

WP[30:24]: Each bit is related to 4KB flash protection, that
means 2 pages for GD32F30x_HD, GD32F30x_XD and
GD32F30x_CL. Bit 0 configures the first 4KB flash
protection, and so on. These bits totally controls the first
124KB 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

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_STATXx registers will then be set by the FMC. If the WPERR
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2.3.11.

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, a system reset followed is necessary.

Security protection

The FMC provides a security protection function to prevent illegal code/data access on 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 0x5AA5, no protection
performed. The main flash and option bytes block are accessible by all operations.

Under protection: when setting SPC byte and its complement value to any value except
0x5AA5, the security protection is performed. Note that a power reset should be followed
instead of a system reset if the SPC modification is performed while the debug module is still
connected to JTAG/SWD device. Under the security protection, the main flash can only be
accessed by user code and the first 4KB flash is under erase/program protection. In debug
mode, boot from SRAM or boot from boot loader mode, all operations to main flash is
forbidden. If a read operation to main flash in debug, boot from SRAM or boot from 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 FMC_STATx
registers will be set. Option bytes block are accessible by all operations, which can be used
to disable the security protection. If program back to no protection level by setting SPC byte
and its complement value to 0x5AA5, a mass erase for main flash will be performed.
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24. FMC registers
FMC base address: 0x4002 2000
241. Wait state register (FMC_WS)
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 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved WSCNT[2:0]
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2:0 WSCNT[2:0] Wait state counter register
These bits is set and reset by software. The WSCNT valid when WSEN bit in
FMC_WSEN is set.
000: 0 wait state added
001: 1 wait state added
010: 2 wait state added
011~111:reserved
24.2. Unlock key register 0(FMC_KEYO)

Address offset: 0x04
Reset value: 0x0000 0000

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

These bits are only be written by software.

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_CTLO unlock register
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Write KEY[31:0] with keys to unlock FMC_CTLO register.
24.3. 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]
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ OBKEY([15:0] ‘
w
Bits Fields Descriptions
31:0 OBKEY][31:0] FMC_ CTLO 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 FMC_CTLO
register.
244. Status register 0 (FMC_STATO)
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 |[Reserved | PGERR |Reserved| BUSY ‘
rc_w1 rc_w1 rc_w1 rc_w1
Bits Fields Descriptions
31:6 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.
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3 Reserved Must be kept at reset value.
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 0(FMC_CTLO)
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
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ ENDIE |Reserved| ERRIE ‘ OBWEN [ Reserved LK ‘ START ‘ OBER ‘ OBPG |Reserved| MER ’ PER ‘ PG
w w w rs rs w w w w 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 FMC_OBKEY register.
This bit can be cleared by software.
8 Reserved Must be kept at reset value.
7 LK FMC_CTLO lock bit

This bit is cleared by hardware when right sequence written to FMC_KEYO0
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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 for bankO command bit
This bit is set or cleared by software.
0: no effect

1: main flash mass erase command for bank0

1 PER Main flash page erase for bankO command bit
This bit is set or clear by software.
0: no effect

1: main flash page erase command for bank0

0 PG Main flash program for bankO command bit
This bit is set or clear by software.
0: no effect
1: main flash program command for bank0

Note: This register should be reset after the corresponding flash operation completed.

2.4.6. Address register 0 (FMC_ADDRO)

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

‘ ADDR(31:16]

w

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

‘ ADDR[15:0]

w
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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 erase/program command.
24.7. Option byte status register (FMC_OBSTAT)
Address offset: 0x1C
Reset value: 0x0XXX 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 1" 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 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.
2438. Erase/Program Protection register (FMC_WP)
Address offset: 0x20
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
‘ WP[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WP[15:0] ‘

r
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Bits Fields Descriptions
31:0 WP[31:0] Store WP of option bytes block after system reset.
249. Unlock key register 1(FMC_KEY1)
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
‘ KEY[31:16] ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ KEY[15:0] ‘
Bits Fields Descriptions
31:0 KEY[31:0] FMC_CTL1 unlock register
These bits are only be written by software.
Write KEY[31:0] with keys to unlock FMC_CTLA1 register.
2.4.10. Status register 1 (FMC_STAT1)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ ENDF ‘ WPERR |[Reserved | PGERR |Reserved | BUSY ‘
rc_w1 rc_w1 rc_w1 rc_w1
Bits Fields Descriptions
31:6 Reserved Product reserved ID code register.
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.
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The software can clear it by writing 1.
3 Reserved Must be kept at reset value.
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.
24.11. Control register 1(FMC_CTL1)
Address offset: 0x50
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
15 14 13 12 1M 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | ENDIE |Reserved| ERRIE ‘ Reserved ‘ LK ‘ START ‘ Reserved ‘ MER | PER ‘ PG ‘
w w rs rs w w 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
9:8 Reserved Must be kept at reset value.
7 LK FMC_CTLA1 lock bit
This bit is cleared by hardware when right sequence written to FMC_KEY1 register.
This bit can be set by software.
6 START Send erase command to FMC bit
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This bit is set by software to send erase command to FMC.
This bit is cleared by hardware when the BUSY bit is cleared.
5:3 Reserved Must be kept at reset value
2 MER Main flash mass erase for bank1 command bit
This bit is set or cleared by software.
0: no effect
1: main flash mass erase command for bank1
1 PER Main flash page erase for bank1 command bit
This bit is set or clear by software.
0: no effect
1: main flash page erase command for bank1
0 PG Main flash program for bank1 command bit
This bit is set or clear by software.
0: no effect
1: main flash program command for bank1
Note: This register should be reset after the corresponding flash operation completed.
2412, Address register 1 (FMC_ADDR1)
Address offset: 0x54
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
‘ ADDR[31:16]
w
15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
‘ ADDR[15:0]
w
Bits Fields Descriptions
31:0 ADDR[31:0] Flash erase/program command address bits
These bits are configured by software.
ADDR bits are the address of flash erase/program command
2.4.13. Wait state enable register (FMC_WSEN)
Address offset: OxFC
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
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‘ Resrved ‘

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ BPEN ‘ WSEN ‘
w w
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value
1 BPEN FMC bit program enable register

This bit set and reset by software.
0: No effect, write page must check if flash is “FF”

1: Write page donot check the flash is FF. The FMC can program each bit

0 WSEN FMC wait state enable register
This bit is set and reset by software. This bit also protected by the FMC_KEYx
register. It is necessary to writing 0x45670123 and OxCDEF89AB to the
FMC_KEYXx register.
0: no wait state added when fetch flash
1: wait state added when fetch flash

2414, Product ID register (FMC_PID)

Address offset: 0x100
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
PID[31:16] ‘
r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PID[15:0] ‘
r
Bits Fields 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.

Power management unit (PMU)

Overview

The power consumption is regarded as one of the most important issues for the devices of
GD32F30x series. Power management unit (PMU) provides three types of power saving
modes, including Sleep, Deep-sleep 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 GD32F30x devices,
there are three power domains, including Voo / Voba domain, 1.2V domain, and Backup
domain, as is shown in the following figure. The power of the Voo domain is supplied directly
by Vob. An embedded LDO in the Vob / Vobadomain is used to supply the 1.2V domain power.
A power switch is implemented for the Backup domain. It can be powered from the Vear
voltage when the main Voo supply is shut down.

Characteristics

Three power domains: Vsak, Vob / Vooaand 1.2V power domains.
Three power saving modes: Sleep, Deep-sleep and Standby modes.
Internal Voltage regulator(LDO) supplies around 1.2V voltage source for 1.2V domain.

Low Voltage Detector (LVD) issue an interrupt or event when the power is lower than a
programmed threshold.

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

B LDO output voltage select for power saving.

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

Function overview

Figure 3-1. Power supply overview provides details on the internal configuration of the PMU

and the relevant power domains.
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Figure 3-1. Power supply overview
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3.31. Backup domain

The Backup domain is powered by the Voo or the battery power source (Vear) 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 BKP PAD including PC13 to PC15. In
order to ensure the content of the Backup domain registers and the RTC supply, when Vbp
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 bit in 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 Vpp is shut down, only LXTAL is valid for RTC. Before entering the power saving
mode by executing the WFI / WFE instruction, the Cortex®-M4 can setup the RTC register
with an expected wakeup time and enable the wakeup function to achieve the RTC timer
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3.3.2.

wakeup event. After entering the power saving mode for a certain amount of time, the RTC
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 Vob (Veak pin is connected to Vop), the following
functions are available:

B PC13 can be used as GPIO or RTC function pin described in the RTC chapter.
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 RTC chapter.
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 Vopa domain. Voo domain includes
HXTAL (high speed crystal oscillator), LDO (voltage regulator), POR / PDR (power on / down
Reset), FWDGT (free watchdog timer), all pads except PC13/PC14 / PC15, etc. Vopoa domain
includes ADC / DAC (AD / DA Converter), IRC8M (internal 8MHz RC oscillator), IRC48M
(internal 48MHz RC oscillator at 48MHz frequency), 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 1.2V 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 mode (on or low power), and in the Standby mode (power
off).

The POR / PDR circuit is implemented to detect Voo / 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 3-2. Waveform of the POR / PDR shows the
relationship between the supply voltage and the power reset signal. Vror, which typical value

is 2.40V, indicates the threshold of power on reset, while Vepr, which typical value is 1.8V,
means the threshold of power down reset. The hysteresis voltage (Vhyst) is around 600mV.
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Figure 3-2. Waveform of the POR / PDR
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The LVD is used to detect whether the Voo/Vbobpa supply voltage is lower than a programmed
threshold selected by the LVDT[2:0] bits in the Power control register(PMU_CTL). The LVD
is enabled by setting the LVDEN bit, and LVDF bit, which in the Power status
register(PMU_CS), indicates if Voo/Vooa 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. Figure 3-3. 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. The hysteresis voltage (Vhyst) is 100mV.

Figure 3-3. Waveform of the LVD threshold
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3.3.3.

3.3.4.

Generally, digital circuits are powered by Vop, 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. Voboa 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
VDD and VDDA are provided by different power supplies, the difference between the VDD
and VDDA during power-up and running 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+/Vrer- pins. According to the different packages, Vrer+
pin can be connected to Vopa pin, or external reference voltage which refers to Table 12-2.
ADC input pins_definition and Table 13-1. DAC I/O description, Vrer- pin must be

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

1.2V power domain

1.2V power domain supplies power for Cortex®-M4 logic, AHB / APB peripherals, the APB
interfaces for the Backup domain and the Vob / Vopoa domain, etc. Once the 1.2V is powered
up, the POR will generate a reset sequence on the 1.2V 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 1.2V 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_CTL register to 1 to open high-driver mode.

Wait HDRF bit be set to 1 in PMU_CS register.

Set HDS bit in PMU_CTL register to 1 to switch LDO to high-driver mode.
Wait HDSREF bit be set to 1 in PMU_CS 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_CTL register after IRC8M
or HXTAL selected as system clock. The high-driver mode exit automaticly when exiting from
Deep-sleep mode.

Power saving modes

After a system reset or a power reset, the GD32F30x MCU operates at full function and all
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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 or configuring the LDO output voltage by LDOVS bits in PMU_CTL register. The
LDOVS bits should be configured only when the PLL is off, and the programmed value is
selected to drive 1.2V domain after the PLL opened. While the PLL is off, LDO output voltage
low mode is selected to drive 1.2V domain. Besides, three power saving modes are provided
to achieve even lower power consumption, they are Sleep mode, Deep-sleep mode, and
Standby mode.

Sleep mode

The Sleep mode is corresponding to the SLEEPING mode of the Cortex®-M4. In Sleep mode,
only clock of Cortex®-M4 is off. To enter the Sleep mode, it is only necessary to clear the
SLEEPDEEP bit in the Cortex®-M4 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-M4 Technical Reference Manual). The mode offers the lowest wakeup time as no time
is wasted in interrupt entry or exit.

According to the SLEEPONEXIT bit in the Cortex®-M4 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
WFI 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®-M4. In Deep-sleep
mode, all clocks in the 1.2V domain are off, and all of IRC8M, 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 bit in the PMU_CTL register. Before entering the Deep-
sleep mode, it is necessary to set the SLEEPDEEP bit in the Cortex®-M4 System Control
Register, and clear the STBMOD bit in the PMU_CTL 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 EXTI lines can wake up the system,
refer to Cortex-M4 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_CTL register. The Low-driver mode provides lower drive

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

Normal-driver / Low-power: The Deep-sleep mode is not in low-driver mode by configure
LDEN to 00 in the PMU_CTL register. The low-power mode enters depending on the LDOLP
bit set in the PMU_CTL 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_CTL register enters by
configure LDEN to Ob11 and LDNP to 1 in the PMU_CTL 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_CTL register enters by configure
LDEN to Ob11 and LDLP to 1 in the PMU_CTL register.

No Low-driver: The Deep-sleep mode is not in low-driver mode by configure LDEN to 00 in
the PMU_CTL register.

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 toTable 7-3. EXTI source.

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

Standby mode

The Standby mode is based on the SLEEPDEEP mode of the Cortex®-M4, too. In Standby
mode, the whole 1.2V domain is power off, the LDO is shut down, and all of IRC8M, HXTAL
and PLL are disabled. Before entering the Standby mode, it is necessary to set the
SLEEPDEEP bit in the Cortex®-M4 System Control Register, and set the STBMOD bit in the
PMU_CTL register, and clear WUF bit in the PMU_CS register. Then, the device enters the
Standby mode after a WFI or WFE instruction is executed, and the STBF status flag in the
PMU_CS 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 pin. The Standby mode achieves the lowest
power consumption, but spends longest time to wake up. Besides, the contents of SRAM and
registers in 1.2V power domain are lost in Standby mode. When exiting from the Standby
mode, a power-on reset occurs and the Cortex®-M4 will execute instruction code from the
0x00000000 address.

Table 3-1. Power saving mode summary

Mode Sleep Deep-sleep Standby
1. Allclocksinthe 1.2V | 1. The 1.2V domain is
) domain are off power off
Description Only CPU clock is off
2. Disable IRC8M, 2. Disable IRC8M,
HXTAL and PLL HXTAL and PLL
On (normal power On (normal power mode
LDO Status Off
mode, normal driver or low power mode ,
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Mode Sleep Deep-sleep Standby
mode) normal driver mode or low
driver mode)
SLEEPDEEP = 1
SLEEPDEEP = 1
Configuration SLEEPDEEP =0 STBMOD =1, WURST
STBMOD =0 -
Entry WFI or WFE WFI or WFE WFI or WFE

Any interrupt for WFI Any interrupt from EXTI

1. NRST pin
Any event (or lines for WFI

2. WKUP pin

Wakeup interrupt when Any event (or interrupt

3. FWDGT reset
SEVONPEND is 1) when SEVONPEND is 1) 4 RTC
for WFE from EXTI for WFE '
IRC8M wakeup time,
Wakeup LDO wakeup time added
None Power on sequence
Latency if LDO is in low power
mode

Note: In Standby mode, all | / 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 pin if enabled.
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3.4. PMU registers
PMU base address: 0x4000 7000
3.4.1. Control register (PMU_CTL)
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 ‘
w w w
15 14 13 12 11 10 9 8 6 4 3 2 1 0
‘ LDOVSJ[1:0] Reserved | LDNP ‘ LDLP |Reserved [ BKPWEN ‘ LVDT[2:0] ‘ LVDEN ‘ STBRST ‘ WURST ISTBMOD‘ LDOLP ‘
rs w w w w w rc_w1 rc_wi w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:18 LDENI1:0] Low-driver mode enable in Deep-sleep mode
00: Low-driver mode disable in Deep-sleep mode
01: Reserved
10: Reserved
11: Low-driver mode enable in Deep-sleep mode
17 HDS High-driver mode switch
Set this bit by software only when HDREF 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
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 mode.
0: High-driver mode disable
1: High-driver mode enable
15:14 LDOVS[1:0] LDO output voltage select

These bits are set by software when the main PLL closed. And the LDO output
voltage selected by LDOVS bits takes effect when the main PLL enabled. If the
main PLL closed, the LDO output voltage low mode selected.

00: Reserved (LDO output voltage low mode)
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13:12

11

10

75

Reserved

LDNP

LDLP

Reserved

BKPWEN

LVDT[2:0]

LVDEN

STBRST

WURST

STBMOD

01: LDO output voltage low mode
10: LDO output voltage mid mode
11: LDO output voltage high mode

Must be kept at reset value.

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

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 mode when the Cortex®-M4 enters SLEEPDEEP mode
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1: Enter the Standby mode when the Cortex®-M4 enters SLEEPDEEP mode
0 LDOLP LDO Low Power Mode
0: The LDO operates normally during the Deep-sleep mode
1: The LDO is in low power mode during the Deep-sleep mode
3.4.2. Control and status register (PMU_CS)
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_w1 r r
15 14 13 12 1" 10 9 8 7 6 5 2 1 0
Reserved | LDOVSRF Reserved ‘ WUPEN Reserved ‘ LVDF | STBF ‘ WUF ‘
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 mode and the LDO in Low-
driver mode. These bits are cleared by software when write 11.
00: normal driver in Deep-sleep mode
01: Reserved
10: Reserved
11: Low-driver mode in Deep-sleep 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 Reserved Must be kept at reset value.
14 LDOVSRF LDO voltage select ready flag
0: LDO voltage select not ready
1: LDO voltage select ready
13:9 Reserved Must be kept at reset value.
8 WUPEN WKUP Pin Enable
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0: Disable WKUP pin function
1: Enable WKUP pin function
If WUPEN is set before entering the Standby mode, a rising edge on the WKUP pin

wakes up the system from the Standby mode. As the WKUP pin is active high, the
WKUP pin is internally configured to input pull down mode. And set this bit will trigger

a wakup event when the input is aready high.
7:3 Reserved Must be kept at reset value.

2 LVDF Low Voltage Detector Status Flag
0: Low Voltage event has not occurred (Voo is higher than the specified LVD
threshold)
1: Low Voltage event occurred (Voo is equal to or lower than the specified LVD
threshold)
Note: The LVD function is stopped in Standby mode.

1 STBF 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_CTL register.

0 WUF Wakeup Flag
0: No wakeup event has been received
1: Wakeup event occurred from the WKUP pin or the RTC alarm event
This bitis cleared only by a POR / PDR or by setting the WURST bit in the PMU_CTL

register.
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4,

41.

4.2.

43.

43.1.

4.3.2.

Backup registers (BKP)

Introduction

The Backup registers are located in the Backup domain that remains powered-on by Vsar
even if Vpp 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.

Main features

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 description

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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4.4. BKP registers
441. Backup data register x (BKP_DATAX) (x= 0..41)
Address offset: 0x04 to 0x28, 0x40 to 0xBC
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 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.
44.2. 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 1" 10 9 8 7 6 5 4 3 2 1 0
‘CALDIR ‘CCOSEL‘ 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
1: RTC second pulse is selected as the RTC output
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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 2220 RTC
clock pulses.
This bit is reset only by a Backup domain reset.
44.3. 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 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.
TAMPER pin active level
1 TPAL 0: The TAMPER pin is active high
1: The TAMPER pin is active low
TAMPER detection enable
0: The TAMPER pin is free for GPIO functions
0 TPEN 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.
44.4. Tamper control and status register (BKP_TPCS)

Address offset: 0x34
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Reset value: 0x0000

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

15 14 13 12 1 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.

78



€

GigaDevice GD32F30x User Manual

5. Reset and clock unit (RCU)
High- and extra-density eset and clock control unit (RCU)

5.1. Reset control unit (RCTL)

5.1.1. Overview
GD32F30x 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. The 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 1.2V 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®-M4 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 us for each reset
source (external or internal reset).
Figure 5-1. The system reset circuit
NRST é Filter
min 20 us
FWDGT RSTn— | pulse generator [——® System Reset
SW_RSTn
OB_STDBY RSTn
OB DPSLP 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)
5.21. 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®-M4 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 120 MHz.
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Figure 5-2. Clock tree

CK_IRC48M

4 CK_CTC

(——@ 48 MHz

48 MHz
IRC48M

CK48MSEL

USBD CK_USBD
— Prescaler
scs[1:0] e 112225 (ousen
k 3354
K_12!
CK_IRC8M ) ok.128 >
12S enable (to1251,2)
8 MHz AHB CK_AHB N\ CK_EXMC
IRC8M Prescaler  [120 MHz max _|_/ —
+1,2..512 EXMC enable (to EXMC)
PLLI
4 HCLK
CK_IRC48M PLLSEL PLLMF
AHB enable (to AHB bus,Cortex-M4,SRAM,DMA,FMC)
cK_csT
4-32 MHz T4 +8 >
HXTAL (to Cortex-M4 SysTick)
PREDVO FCLK
CK_HXTAL (free running clock)
4_‘:) CK_SDIO -
SDIO enable’ (to SDIO)
APB1 CK_APB1
— Prescaler PCLK1
+1,24,8,16 10 APBT perpherals

Peripheral enable

TIMERT,234,56,
11,12,13 if(APB1
L 1128 } 11 prescale =1)x1 TIMERx CK TIMERx
enable to TIMER1,2,3.4,
32.768 KHz o CK_RTC 56,11,12,13
EXTAL (0 RTO) APB2

CK_APB2

$——  Prescaler
10 +1,2,4,8,16

PCLK2
o APB2 perpherals

Peripheral enable

RTCSRC[1:0
40 KHz 1l CK FWDeT TIMERO,7.8.9,10
IRC40K
(to FWDGT) f(APB2 prescale CK_TIMERX
TIMERx
enable o
TIMER0,7.8,9,10
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L Prescaler
CKOUTOSEL[2:0] +6,6,10,20

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 120 MHz / 120 MHz / 60
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 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 12S is clocked by the clock of CK_SYS.
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5.2.2.

5.2.3.

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 1.2V core domain power
off. After the RTC select IRC40K, the clock disappeared when Vpp power off. After the RTC
select LXTAL, the clock disappeared when Vop and Veat power off.

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

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.

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 OSCouT

(o} Rum— —_—

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
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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 oscour

—EAQ >

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, IRC8BMSTBIE, 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
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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
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 fee 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_CH3, 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

84



€

GigaDevice

GD32F30x User Manual

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-M4. 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.

Clock output capability

The clock output capability is ranging from 4 MHz to 120 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 1.2V 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. 1.2V 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

85



€

GigaDevice GD32F30x User Manual
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 w w r w
15 14 13 12 1 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
31:26 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

17

16

15:8

7:3

5.3.2.

HXTALBPS

HXTALSTB

HXTALEN

IRC8MCALIB[7:0]

IRC8MADJ[4:0]

Reserved

IRC8MSTB

IRC8BMEN

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.

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

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

Internal 8MHz RC Oscillator calibration value register
These bits are load automatically at power on.

Internal 8MHz RC Oscillator clock trim adjust value

These bits are set by software. The trimming value is these bits (IRC8MADJ)
added to the IRC8MCALIB[7:0] bits. The trimming value should trim the IRC8M to
8 MHz £ 1%.

Must be kept at reset value.

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

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

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).
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31 30

29 28 27

26 25 24 23 22 21 20 19 18 17

USBDPS
PLLMF[5]
C[2]

ADCPSC[
Reserved PLLMF[4]

2]

CKOUTOSEL[2:0] USBDPSC[1:0] PLLMF[3:0] PREDVO | PLLSEL

w w

15 14

w

10 9 8 7 6 5 4 3 2 1 0

ADCPSC[1:0]

APB2PSC[2:0]

APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0]

w

Bits

w

Fields

w w r w

Descriptions

31

30

29

28

27

26:24

23:22

21:18

USBDPSC[2]

PLLMFI[5]

Reserved

ADCPSC|2]

PLLMF[4]

CKOUTOSEL[2:0]

USBDPSC[1:0]

PLLMF[3:0]

Bit 2 of USBDPSC
see bits 23:22 of RCU_CFGO

Bit 5 of PLLMF
see bits 21:18 of RCU_CFGO0

Must be kept at reset value.

Bit 2 of ADCPSC
see bits 15:14 of RCU_CFGO

Bit 4 of PLLMF
see bits 21:18 of RCU_CFGO

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

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/1.5

001: CK_USBD = CK_PLL

010: CK_USBD =CK_PLL /25

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

The PLL clock multiplication factor

Bit 27, 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 120 MHz

000000: CK_SYS =CK_PLL x 2
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17

16

PREDVO

PLLSEL

000001: CK_SYS =CK_PLL x 3

000010: CK_SYS = CK_PLL x 4

000011: CK_SYS =CK_PLL x5

000100: CK_SYS = CK_PLL x 6

000101: CK_SYS =CK_PLLx 7

000110: CK_SYS =CK_PLL x 8

000111: CK_SYS =CK_PLL x9

001000: CK_SYS = CK_PLL x 10
001001: CK_SYS = CK_PLL x 11
001010: CK_SYS = CK_PLL x 12
001011: CK_SYS = CK_PLL x 13
001100: CK_SYS = CK_PLL x 14
001101: CK_SYS = CK_PLL x 15
001110: CK_SYS = CK_PLL x 16
001111: CK_SYS = CK_PLL x 16
010000: CK_SYS = CK_PLL x 17
010001: CK_SYS = CK_PLL x 18
010010: CK_SYS = CK_PLL x 19
010011: CK_SYS = CK_PLL x 20
010100: CK_SYS = CK_PLL x 21
010101: CK_SYS = CK_PLL x 22
010110: CK_SYS = CK_PLL x 23
010111: CK_SYS = CK_PLL x 24
011000: CK_SYS = CK_PLL x 25
011001: CK_SYS = CK_PLL x 26
011010: CK_SYS = CK_PLL x 27
011011: CK_SYS = CK_PLL x 28
011100: CK_SYS = CK_PLL x 29
011101: CK_SYS = CK_PLL x 30
011110: CK_SYS = CK_PLL x 31
011111: CK_SYS = CK_PLL x 32
100000: CK_SYS = CK_PLL x 33
100001: CK_SYS = CK_PLL x 34

111110: CK_SYS = CK_PLL x 63
111111: CK_SYS = CK_PLL x 63

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.
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15:14

13:11

10:8

7:4

ADCPSC[1:0]

APB2PSC[2:0]

APB1PSC[2:0]

AHBPSC[3:0]

0: (IRC8M / 2) clock selected as source clock of PLL
1: HXTAL or IRC48M(PLLPRESEL of RCU_CFG1 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.
0xx: CK_AHB selected

100: (CK_AHB / 2) selected

101: (CK_AHB / 4) selected

110: (CK_AHB / 8) selected

111: (CK_AHB / 16) selected

APB1 prescaler selection

Set and reset by software to control the APB1 clock division ratio.
Caution: The CK_APB1 output frequency must not exceed 60 MHz.
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
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1110: (CK_SYS / 256) selected
1111: (CK_SYS / 512) selected
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 SCS[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 1" 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.
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20

19

18

17

16

15:13

12

11

10

PLLSTBIC

HXTALSTBIC

IRC8MSTBIC

LXTALSTBIC

IRC40KSTBIC

Reserved

PLLSTBIE

HXTALSTBIE

IRC8MSTBIE

LXTALSTBIE

IRC40KSTBIE

PLL stabilization interrupt clear

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

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 IRC8BMSTBIF flag

1: Reset IRC8MSTBIF 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

LXTAL stabilization interrupt enable/disable control
0: Disable the LXTAL stabilization interrupt

1: Enable the LXTAL stabilization interrupt

IRC40K stabilization interrupt enable

IRC40K stabilization interrupt enable/disable control
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6:5

CKMIF

Reserved

PLLSTBIF

HXTALSTBIF

IRC8MSTBIF

LXTALSTBIF

IRC40KSTBIF

0: Disable the IRC40K stabilization interrupt
1: Enable the IRC40K stabilization interrupt

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 ~ 16 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
IRCBMSTBIE 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 IRC40K stabilization clock ready interrupt generated

1: IRC40K stabilization interrupt generated
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5.34. 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
TIMER10| TIMER9 | TIMERS
Reserved Reserved
RST RST RST
w w w
15 14 13 12 1 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
31:22 Reserved Must be kept at reset value.
21 TIMER10RST Timer 10 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER10
20 TIMERORST Timer 9 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER9
19 TIMER8RST Timer 8 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMERS
18:16 Reserved Must be kept at reset value.
15 ADC2RST ADC2 reset
This bit is set and reset by software.
0: No reset
1: Reset the ADC2
14 USARTORST USARTO Reset
This bit is set and reset by software.
0: No reset
1: Reset the USARTO
13 TIMER7RST Timer 7 reset

This bit is set and reset by software.

0: No reset
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12

11

10

SPIORST

TIMERORST

ADC1RST

ADCORST

PGRST

PFRST

PERST

PDRST

PCRST

PBRST

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 ADCA1

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.
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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 1/O reset
This bit is set and reset by software.
0: No reset
1: Reset Alternate Function 1/0
5.3.5. 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
CANORS USBDRS UART4R | UART3R | USART2 | USART1
Reserved DACRST | PMURST | BKPIRST | Reserved Reserved I2C1RST | I2CORST Reserved
T T ST ST RST RST
w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 [ TIMER12 | TIMER11 | TIMER6R | TIMERSR [ TIMER4R | TIMER3R | TIMER2R | TIMER1R
SPI2RST | SPI1RST 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
31:30 Reserved Must be kept at reset value.
29 DACRST DAC reset
This bit is set and reset by software.
0: No reset
1: Reset DAC 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
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26

25

24

23

22

21

20

19

18

17

16

15

Reserved

CANORST

Reserved

USBDRST

I2C1RST

[2CORST

UART4RST

UART3RST

USART2RST

USART1RST

Reserved

SPI2ZRST

1: Reset backup interface
Must be kept at reset value.

CANQO reset

This bit is set and reset by software.

0: No reset
1: Reset the CANO

Must be kept at reset value.

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 12C1

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

UARTS3 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

SPIMRST

Reserved

WWDGTRST

Reserved

TIMER13RST

TIMER12RST

TIMER11RST

TIMERGRST

TIMERSRST

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

TIMER11 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 TIMER6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERS

TIMER4 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.
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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 TIMER1RST TIMERT1 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
Reserved
15 14 13 12 1 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
31:11 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
This bit is set and reset by software.
0: Disabled CRC clock
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1: Enabled CRC clock
5 Reserved Must be kept at reset value.

4 FMCSPEN 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

3 Reserved Must be kept at reset value.

2 SRAMSPEN 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

1 DMA1EN DMA1 clock enable
This bit is set and reset by software.
0: Disabled DMA1 clock
1: Enabled DMA1 clock

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

5.3.7. 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
TIMER10 | TIMER9E | TIMERSE
Reserved Reserved
EN N N
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
31:22 Reserved Must be kept at reset value.
21 TIMER10EN TIMER10 clock enable
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20

19

18:16

15

14

13

12

11

10

TIMER9EN

TIMERSEN

Reserved

ADC2EN

USARTOEN

TIMER7EN

SPIOEN

TIMEROEN

ADC1EN

ADCOEN

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.
0: Disabled TIMER? clock

1: Enabled TIMERY7 clock

SPIO0 clock enable

This bit is set and reset by software.
0: Disabled SPIO0 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
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5.3.8.

PGEN

PFEN

PEEN

PDEN

PCEN

PBEN

PAEN

Reserved

AFEN

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

This bit is set and reset by software.
0: Disabled GPIO port B clock

1: Enabled GPIO port B clock

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

Must be kept at reset value.

Alternate function 10 clock enable
This bit is set and reset by software.

0: Disabled Alternate Function IO clock
1: Enabled Alternate Function 10 cloc

APB1 enable register (RCU_APB1EN)

Address offset: 0x1C
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
UART4E | UART3E | USART2 | USART1
Reserved DACEN | PMUEN | BKPIEN | Reserved | CANOEN |Reserved | USBDEN | 12C1EN | 12COEN Reserved
N N EN EN
w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 [ TIMER12 | TIMER11 | TIMERGE | TIMERSE | TIMER4E | TIMER3E | TIMER2E | TIMER1E
SPI2EN | SPIMEN Reserved Reserved
EN EN EN EN N N N N N N
w w w w w w w w w w w w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 DACEN DAC clock enable
This bit is set and reset by software.
0: Disabled DAC clock
1: Enabled DAC clock
28 PMUEN PMU clock enable
This bit is set and reset by software.
0: Disabled PMU clock
1: Enabled PMU clock
27 BKPIEN Backup interface clock enable
This bit is set and reset by software.
0: Disabled backup interface clock
1: Enabled backup interface clock
26 Reserved Must be kept at reset value.
25 CANOEN CANO clock enable
This bit is set and reset by software.
0: Disabled CANO clock
1: Enabled CANO clock
24 Reserved Must be kept at reset value.
23 USBDEN USBD clock enable
This bit is set and reset by software.
0: Disabled USBD clock
1: Enabled USBD clock
22 I2C1EN 12C1 clock enable
This bit is set and reset by software.
0: Disabled 12C1 clock
1: Enabled 12C1 clock
21 I2COEN 12CO0 clock enable
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20

19

18

17

16

15

14

13:12

11

10:9

UART4EN

UART3EN

USARTZ2EN

USART1EN

Reserved

SPIZEN

SPIMEN

Reserved

WWDGTEN

Reserved

TIMER13EN

This bit is set and reset by software.
0: Disabled 12C0 clock
1: Enabled 12C0 clock

UART4 clock enable

This bit is set and reset by software.
0: Disabled UART4 clock

1: Enabled UART4 clock

UART3 clock enable

This bit is set and reset by software.
0: Disabled UART3 clock

1: Enabled UART3 clock

USART?2 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
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7

5.3.9.

TIMER12EN TIMER12 clock enable
This bit is set and reset by software.
0: Disabled TIMER12 clock
1: Enabled TIMER12 clock

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

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

TIMERSEN TIMERS clock enable
This bit is set and reset by software.
0: Disabled TIMERS5 clock
1: Enabled TIMERS5 clock

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

TIMER3EN TIMERS3 clock enable
This bit is set and reset by software.
0: Disabled TIMERS3 clock
1: Enabled TIMER3 clock

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

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

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
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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 ‘
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
LXTALBP | LXTALST
RTCEN Reserved RTCSRCI[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 RTCSRC[1:0] 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_IRC40K 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: 0x0C00 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
Reserved | RSTFC Reserved
RSTF RSTF RSTF RSTF RSTF RSTF
r r r r r r w
15 14 13 12 1M 10 9 8 7 6 5 4 3 2 1 0
IRC40K
Reserved IRC40KEN
STB
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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1: free Watchdog timer reset generated

28 SWRSTF 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

27 PORRSTF 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

26 EPRSTF 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

25 Reserved Must be kept at reset value.

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

5.3.11. 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 |[ADCPSC[
Reserved Reserved
EL 3]
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w w
15 14 13 12 1 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 ADCPSCI3] Bit 3 of ADCPSC
see bits 15:14 of RCU_CFGO and bit 28 of RCU_CFGO0
28:0 Reserved Must be kept at reset value.

5.3.12. 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 DSLPVSI[2:0]
w
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 default value in Deep-sleep mode

001: The core voltage is (default value-0.1)V in Deep-sleep mode(customers are
not recommended to use it)

010: The core voltage is (default value-0.2)V in Deep-sleep mode(customers are
not recommended to use it)

011: The core voltage is (default value-0.3)V in Deep-sleep mode(customers are
not recommended to use it)

1xx: Reserved

109



€

GigaDevice GD32F30x User Manual
5.3.13. 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
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
15:2 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
5.3.14. Additional clock interrupt register (RCU_ADDINT)
Address offset: 0xCC
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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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.
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.
5.3.15. APB1 additional reset register (RCU_ADDAPB1RST)

31 30

Address offset: OXEO
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

Reserved

CTC
Reserved
RST

15

10 9 8 7 6 5 4 3 2 1 0

Reserved
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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.
5.3.16. 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
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 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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5.4.

5.4.1.

5.4.2.

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

Reset control unit (RCTL)

Overview

GD32F30x 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 1.2V 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®-M4 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 ys for each reset
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source (external or internal reset).

Figure 5-5. The system reset circuit

NRST l

Filter

min 20 us

[ System Reset
pulse generator

FWDGT RSTn____{

SW_RSTn
OB_STDBY_RSTn

OB_DPSLP _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)

5.5.1. 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), three Phase Lock Loop (PLL), a HXTAL clock monitor, clock
prescalers, clock multiplexers and clock gating circuitry.

The clocks of the AHB, APB and Cortex®-M4 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 120 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 120 MHz / 120 MHz / 60
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 TIMERs 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
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prescaler is not 1).
The USBFS 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 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 1.2V 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 Veat power off,
The FWDGT is clocked by IRC40K clock, which is forced on when FWDGT started.

5.5.2. Characteristics
B 4 to 32 MHz high speed crystal oscillator (HXTAL).
B Internal 8 MHz RC oscillator (IRC8M).
B Internal 48 MHz RC oscillator (IRC48M).
B 32,768 Hz Low Speed crystal oscillator (LXTAL).
B Internal 40KHz RC oscillator (IRC40K).
B PLL clock source can be HXTAL, IRC8M orIRC48M.
B HXTAL clock monitor.

5.5.3. 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.
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Figure 5-7. HXTAL clock source
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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 5-8. HXTAL clock source in bypass mode

OSCIN oscour

—3 <

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, IRC8BMSTBIE, 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
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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 USBFS 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 USBFS.

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 are three internal Phase Locked Loop, the PLL, PLL1 and PLL2.

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 three 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
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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
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_CH3, 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®-M4. 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 120 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

Voltage control

The 1.2V 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. 1.2V 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 w w r w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IRC8MST
IRC8MCALIBJ[7:0] IRC8MADJ[4:0] Reserved IRC8MEN
B
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 3 ~ 25 MHz crystal oscillator (HXTAL) clock monitor
1: Enable the High speed 3 ~ 25 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, IRCS8MEN,
state.

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 3 ~ 25 MHz crystal oscillator disabled
1: High speed 3 ~ 25 MHz crystal oscillator enabled

15:8 IRC8MCALIBJ7:0] Internal 8MHz RC Oscillator calibration value register
These bits are load automatically at power on.

73 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 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 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
USBFSP ADCPSC[ PREDVO
PLLMF[5:4] CKOUTOSEL[3:0] USBFSPSC[1:0] PLLMF[3:0] PLLSEL
SC[2] 2] _LsB
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPSC[1:0] APB2PSC[2:0] APB1PSCJ[2:0] AHBPSCI[3:0] SCSS[1:0] SCS[1:0]
w w w w r w
Bits Fields Descriptions
31 USBFSPSC|2] Bit 2 of USBFSPSC
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_CFGO0
28 ADCPSCJ2] 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
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23:22

21:18

USBFSPSC[1:0]

PLLMF[3:0]

1001: CK_PLL2 clock divided by 2 selected
1010: EXT1 selected, to provide the external clock for ENET
1011: CK_PLL2 clock selected

USBFS clock prescaler selection

Set and reset by software to control the USBFS clock prescaler value. The USBFS
clock must be 48MHz. These bits can’t be reset if the USBFS clock is enabled.
000: CK_USBFS =CK_PLL /1.5

001: CK_USBFS = CK_PLL

010: CK_USBFS =CK_PLL/2.5

011: CK_USBFS =CK_PLL /2

100: CK_USBFS = CK_PLL/3

101: CK_USBFS =CK_PLL /3.5

11x :CK_USBFS = CK_PLL /4

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 120 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)
010111: (PLL source clock x 24)
011000: (PLL source clock x 25)
011001: (PLL source clock x 26)
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17

16

15:14

13:11

PREDVO_LSB

PLLSEL

ADCPSC[1:0]

APB2PSC[2:0]

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 63)

The LSB of PREDVO division factor

This bit is the same bit as PREDVO division factor bit [0] from RCU_CFG1.
Changing the PREDVO division factor bit [0] from RCU_CFGH1, this bit is also
changed. When the PREDVO division factor bits [3:1] are not set, this bit controls
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_CFG1 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.
0xx: CK_AHB selected
100: (CK_AHB / 2) selected
101: (CK_AHB / 4) selected
110: (CK_AHB / 8) selected
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10:8

74

3:2

1:0

5.6.3.

APB1PSC[2:0]

AHBPSC[3:0]

SCSS[1:0]

SCS[1:0]

111: (CK_AHB / 16) selected

APB1 prescaler selection

Set and reset by software to control the APB1 clock division ratio.
Caution: The CK_APB1 output frequency must not exceed 60 MHz.
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

Clock interrupt register (RCU_INT)

Address offset: 0x08
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

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 1 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
1: Reset IRC8MSTBIF flag

17 LXTALSTBIC LXTAL stabilization interrupt clear
Write 1 by software to reset the LXTALSTBIF flag.
0: Not reset LXTALSTBIF flag
1: Reset LXTALSTBIF flag
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16

15

14

13

12

11

10

IRC40KSTBIC

Reserved

PLL2STBIE

PLL1STBIE

PLLSTBIE

HXTALSTBIE

IRC8MSTBIE

LXTALSTBIE

IRC40KSTBIE

CKMIF

PLL2STBIF

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

LXTAL stabilization interrupt enable/disable control
0: Disable the LXTAL stabilization interrupt

1: Enable the LXTAL stabilization interrupt

IRC40K stabilization interrupt enable

IRC40K stabilization interrupt enable/disable control
0: Disable the IRC40K stabilization interrupt

1: Enable the IRC40K stabilization interrupt

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

PLL2 stabilization interrupt flag
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PLL1STBIF

PLLSTBIF

HXTALSTBIF

IRC8MSTBIF

LXTALSTBIF

IRC40KSTBIF

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

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

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 3 ~ 25 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 IRC40K stabilization clock ready interrupt generated

1: IRC40K stabilization interrupt generated
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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
TIMER10| TIMER9 | TIMERS
Reserved Reserved
RST RST RST
w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
USARTO |TIMER7R TIMEROR [ ADC1RS | ADCORS
Reserved SPIORST PGRST | PFRST | PERST | PDRST | PCRST | PBRST | PARST |Reserved| AFRST
RST ST ST T T
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 TIMER10RST Timer 10 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER10
20 TIMERORST Timer 9 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER9
19 TIMER8RST Timer 8 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMERS
18:15 Reserved Must be kept at reset value.
14 USARTORST USARTO reset
This bit is set and reset by software.
0: No reset
1: Reset the USARTO
13 TIMER7RST Timer 7 reset
This bit is set and reset by software.
0: No reset
1: Reset the TIMER7
12 SPIORST SPIO reset

This bit is set and reset by software.

0: No reset
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11

10

TIMERORST

ADC1RST

ADCORST

PGRST

PFRST

PERST

PDRST

PCRST

PBRST

PARST

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 ADCA1

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.
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0: No reset
1: Reset the GPIO port A
1 Reserved Must be kept at reset value.
0 AFRST Alternate function 1/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
CAN1RS | CANORS UART4R | UART3R | USART2 | USART1
Reserved DACRST | PMURST | BKPIRST Reserved I2C1RST | I2CORST Reserved
T T ST ST RST RST
w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 [ TIMER12 | TIMER11 | TIMER6R | TIMER5R [ TIMER4R | TIMER3R | TIMER2R | TIMER1R
SPI2RST | SPIMRST 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
31:30 Reserved Must be kept at reset value.
29 DACRST DAC reset
This bit is set and reset by software.
0: No reset
1: Reset DAC 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 CANT1 reset

This bit is set and reset by software.

0: No reset
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25

24:23

22

21

20

19

18

17

16

15

14

CANORST

Reserved

I2C1RST

[2CORST

UART4RST

UART3RST

USART2RST

USART1RST

Reserved

SPI2ZRST

SPIMRST

1: Reset the CAN1

CANO reset

This bit is set and reset by software.

0: No reset
1: Reset the CANO

Must be kept at reset value.

12C1 reset

This bit is set and reset by software.

0: No reset
1: Reset the 12C1

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

UARTS3 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.

0: No reset
1: Reset the SPI2

SPI1 reset

This bit is set and reset by software.

0: No reset
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13:12

11

10:9

Reserved

WWDGTRST

Reserved

TIMER13RST

TIMER12RST

TIMER11RST

TIMERGRST

TIMERSRST

TIMER4ARST

TIMER3RST

TIMER2RST

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

TIMER11 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 TIMER6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER5S

TIMER4 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

TIMER2 reset

This bit is set and reset by software.

0: No reset
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1: Reset the TIMER2

0 TIMER1RST TIMERT1 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
ENETRXE
Reserved
N
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ENETTX USBFSE FMCSPE SRAMSP
ENETEN | Reserved Reserved EXMCEN | Reserved | CRCEN | Reserved Reserved DMA1EN | DMAOEN
EN N N EN
w w w w w w w w w w
Bits Fields Descriptions
31:17 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
This bit is set and reset by software.
0: Disabled Ethernet TX clock
1: Enabled Ethernet TX clock

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

13 Reserved Must be kept at reset value.

12 USBFSEN USBFS clock enable
This bit is set and reset by software.
0: Disabled USBFS clock
1: Enabled USBFS clock
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11:9 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
This bit is set and reset by software.
0: Disabled CRC clock
1: Enabled CRC clock

5 Reserved Must be kept at reset value.

4 FMCSPEN 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

3 Reserved Must be kept at reset value.

2 SRAMSPEN 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

1 DMA1EN DMA1 clock enable
This bit is set and reset by software.
0: Disabled DMA1 clock
1: Enabled DMA1 clock

0 DMAOEN DMAO clock enable
This bit is set and reset by software.
0: Disabled DMAQO 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
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TIMER10 | TIMERQE | TIMERSE

Reserved Reserved
EN N N
w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
USARTO [TIMER7E TIMEROE
Reserved 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
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21 TIMER10EN TIMER10 clock enable

This bit is set and reset by software.
0: Disabled TIMER10 clock
1: Enabled TIMER10 clock

20 TIMER9EN TIMERSQ clock enable
This bit is set and reset by software.
0: Disabled TIMERS9 clock
1: Enabled TIMER9 clock

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

18:15 Reserved Must be kept at reset value.

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

13 TIMER7EN TIMER? clock enable
This bit is set and reset by software.
0: Disabled TIMERY7 clock
1: Enabled TIMERY7 clock

12 SPIOEN SPIO0 clock enable
This bit is set and reset by software.
0: Disabled SPIO0 clock
1: Enabled SPI0 clock

11 TIMEROEN TIMERO clock enable
This bit is set and reset by software.
0: Disabled TIMERO clock
1: Enabled TIMERO clock
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10

ADC1EN ADC1 clock enable
This bit is set and reset by software.
0: Disabled ADC1 clock
1: Enabled ADC1 clock

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

PGEN 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

PFEN 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

PEEN 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

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

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

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

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

Reserved Must be kept at reset value.

AFEN Alternate function 10 clock enable

This bit is set and reset by software.

138



€

GigaDevice GD32F30x User Manual
0: Disabled Alternate Function IO clock
1: Enabled Alternate Function 10 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 DACEN | PMUEN | BKPIEN [ CAN1EN | CANOEN Reserved 12C1EN | 12COEN Reserved
N N EN EN
w w w w w w w w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 | TIMER12 | TIMER11 | TIMERGE | TIMERSE | TIMER4E | TIMER3E | TIMER2E | TIMER1E
SPI2EN | SPMEN Reserved Reserved
EN EN EN EN N N N N N N
w w w w w w w w w w w w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 DACEN DAC clock enable
This bit is set and reset by software.
0: Disabled DAC clock
1: Enabled DAC clock
28 PMUEN PMU clock enable
This bit is set and reset by software.
0: Disabled PMU clock
1: Enabled PMU clock
27 BKPIEN Backup interface clock enable
This bit is set and reset by software.
0: Disabled backup interface clock
1: Enabled backup interface clock
26 CAN1EN CANT1 clock enable
This bit is set and reset by software.
0: Disabled CAN1 clock
1: Enabled CAN1 clock
25 CANOEN CANO clock enable

This bit is set and reset by software.
0: Disabled CANO clock
1: Enabled CANO clock
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24:23

22

21

20

19

18

17

16

15

14

13:12

11

Reserved

I2C1EN

I2COEN

UART4EN

UART3EN

USARTZ2EN

USART1EN

Reserved

SPIZEN

SPIMEN

Reserved

WWDGTEN

Must be kept at reset value.

12C1 clock enable

This bit is set and reset by software.

0: Disabled 12C1 clock
1: Enabled 12C1 clock

12C0 clock enable

This bit is set and reset by software.

0: Disabled 12C0 clock
1: Enabled 12C0 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 UART3 clock
1: Enabled UART3 clock

USART2 clock enable

This bit is set and reset by software.

0: Disabled USART2 clock
1: Enabled USART?2 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
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10:9

Reserved

TIMER13EN

TIMER12EN

TIMERT1EN

TIMERGEN

TIMERSEN

TIMER4EN

TIMERSEN

TIMER2EN

TIMER1EN

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 TIMERG®G clock
1: Enabled TIMERG clock

TIMERS clock enable

This bit is set and reset by software.

0: Disabled TIMERS clock
1: Enabled TIMERS clock

TIMER4 clock enable

This bit is set and reset by software.

0: Disabled TIMER4 clock
1: Enabled TIMER4 clock

TIMERS clock enable

This bit is set and reset by software.

0: Disabled TIMERS clock
1: Enabled TIMER3 clock

TIMER2 clock enable

This bit is set and reset by software.

0: Disabled TIMER2 clock
1: Enabled TIMERZ2 clock

TIMER1 clock enable

This bit is set and reset by software.

0: Disabled TIMER1 clock
1: Enabled TIMER1 clock
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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 ‘

w

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

LXTALBP | LXTALST

RTCEN Reserved RTCSRCI[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 RTCSRCJ[1:0] 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_IRC40K 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
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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
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
5.6.10. Reset source/clock register (RCU_RSTSCK)
Address offset: 0x24
Reset value: 0x0C00 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
Reserved | RSTFC Reserved
RSTF RSTF RSTF RSTF RSTF RSTF
r r r r r r w
15 14 13 12 1" 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.
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29

28

27

26

25

24

23:2

FWDGTRSTF

SWRSTF

PORRSTF

EPRSTF

Reserved

RSTFC

Reserved

IRC40KSTB

IRC40KEN

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.

0: No external pin reset generated

1: External pin reset generated
Must be kept at reset value.

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
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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
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ENETRS USBFSR
Reserved Reserved Reserved
T ST
w w
Bits Fields Descriptions
31:15 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 USBFSRST USBFS reset
This bit is set and reset by software.
0: No reset
1: Reset the USBFS
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 |ADCPSCI PREDVO
Reserved 12S2SEL | 12S1SEL
4] EL 3] SEL
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL2MF[3:0] PLL1MF[3:0] PREDV1[3:0] PREDVO0[3:0]
w w w w
Bits Fields Descriptions
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31 PLL2MF[4] Bit 5 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 4 of ADCPSC
see bits 15:14 of RCU_CFGO0 and bit 28 of RCU_CFGO0
28:19 Reserved Must be kept at reset value.
18 12S2SEL 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 and bit 31 of RCU_CFG1 are written by software to define the PLL2

multiplication factor.

000xx: reserve

0010x: reserve

00110: (PLL2 source clock x 8)
00111: (PLL2 source clock x 9)
01000 :(PLL2 source clock x 10)
01001: (PLL2 source clock x 11)
01010: (PLL2 source clock x 12)
01011: (PLL2 source clock x 13)
01100: (PLL2 source clock x 14)
01101: (PLL2 source clock x 15)
01110: (PLL2 source clock x 16)
01111: (PLL2 source clock x 20)
10000: (PLL2 source clock x 18)
10001: (PLL2 source clock x 19)
10010: (PLL2 source clock x 20)
10011: (PLL2 source clock x 21)
10100: (PLL2 source clock x 22)
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11:8

74

PLL1MF[3:0]

PREDV1[3:0]

10101: (PLL2 source clock x 23)
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)
11101: (PLL2 source clock x 31)
11110: (PLL2 source clock x 32)
11111: (PLL2 source clock x 40)

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
1001
1010:
1011: (PLL1 source clock x 13)
1100: (PLL1 source clock x 14)
1101: (PLL1 source clock x 15)
1110 :(PLL1 source clock x 16)
1111: (PLL1 source clock x 20)

:(PLL1 source clock x 10)

PLL1 source clock x 11)
PLL1 source clock x 12)

(
(
(
(

PREDV1 division factor

This bit is set and reset by software. These bits can be written when PLL1 and

PLL2 are disable.

0000:
0001
0010:
0011:
0100:
0101:
0110:
0111
1000:
1001:
1010:
1011:
1100:
1101
1110:

PREDV1 input source clock not divided

: PREDV1 input source clock divided by 2

PREDV1 input source clock divided by 3
PREDV1 input source clock divided by 4
PREDV1 input source clock divided by 5
PREDV1 input source clock divided by 6
PREDV1 input source clock divided by 7

: PREDV1 input source clock divided by 8

PREDV1 input source clock divided by 9

PREDV1 input source clock divided by 10
PREDV1 input source clock divided by 11
PREDV1 input source clock divided by 12
PREDV1 input source clock divided by 13

: PREDV2 input source clock divided by 14

PREDV?2 input source clock divided by 15
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1111: PREDV2 input source clock divided by 16

3:0 PREDVO0I[3:0] PREDVO division factor
This bit is set and reset by software. These bits can be written when PLL is
disable.
Note: The bit 0 of PREDVO is same as bit 17 of RCU_CFGO0, so modifying
Bit 17 of RCU_CFGO also modifies 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 DSLPVSI[2:0]
w
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 default value in Deep-sleep mode

001: The core voltage is (default value-0.1)V in Deep-sleep mode(customers are
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not recommended to use it)
010: The core voltage is (default value-0.2)V in Deep-sleep mode(customers are
not recommended to use it)
011: The core voltage is (default value-0.3)V in Deep-sleep mode(customers are
not recommended to use it)

1xx: Reserved

5.6.14. Additional clock control register (RCU_ADDCTL)

Address offset: 0xCO
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
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

15:2 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 USBFSPSC)
1: Select IRC48M clock
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5.6.15. Additional clock interrupt register (RCU_ADDINT)
Address offset: 0xCC
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.
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.
5.6.16. APB1 additional reset register (RCU_ADDAPB1RST)

Address offset: OXEO
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
CTC
Reserved Reserved
RST
w
15 14 13 12 1 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.
5.6.17. 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
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 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 sources: 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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CTC
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GPIO _ Y
(CTC_SYNC) > 00 Prescale VAR
AL o (1,/2,/4,+++,1128) L/
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REFSEL[1:0] REFPSCI2:0]
_REF sync guise
CK_IRC48M - cTC R
48MHz Counter 4&
REFDIR
Py,
Q)
& REFCAP
=
TRIMVALUE
TRIMVALUE Comparator
adjustment
CKLIM
6.3.1. REF sync pulse generator
Firstly, the reference signal source can select GPIO(CTC_SYNC), LXTAL clock by setting
REFSEL bits in CTC_CTL1 register.
Secondly, the selected reference signal source uses a configurable polarity by setting
REFPOL bit in CTC_CTL1 register, and can be divided to a suitable frequency with a
configurable prescaler by setting REFPSC bits in CTC_CTLA1 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_CTLA1 register). If any REF sync pulse detected, the counter reload the RLVALUE
and start down-counting again. If no REF sync pulse detected, the counter down-count to
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6.3.3.

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
4

RLVALUE

128 x CKLIM

3 x CKLIM

CKLIM

TRIM VALUE

CTC STATUS

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
CTC_CTLO register is 1.
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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 bit in
CTC_CTLO registeris 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 registeris 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 = (Fgock + Frer) - 1 (6-1)

The CKLIM is set by user according to the clock accuracy. It is recommended to set to the
half of the step size, so the CKLIM is:

CKLIM = (Fyook = Frer) % 0.12% +2 (6-2)
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The typical step size is 0.12%. Where the F... is the frequency of correct clock (IRC48M),
the Frer 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 20 19 18 17 16 15
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 w 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
w w w 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

158




€

GigaDevice GD32F30x User Manual
01: LXTAL clock selected

10: Reserved

11: Reserved
27 Reserved Must be kept at reset value.

26:24 REFPSC[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 1 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
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15

14:11

10

74

REFDIR

Reserved

TRIMERR

REFMISS

CKERR

Reserved

EREFIF

ERRIF

REFCAP bits.

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
Must be kept at reset value.

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 occurs.
This bit is cleared by writing 1 to ERRIC bitin CTC_INTC register.

0: No trim value error occur

1: Trim value error occur

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 occurs. 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

Clock trim error bit

This bit is set by hardware when the clock trim error occurs. 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 occurs. This bit is cleared by writing 1 to ERRIC bitin CTC_INTC register.
0: No Clock trim error occur

1: Clock trim error occur
Must be kept at reset value.

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 occurs. This bit is cleared by writing 1 to
EREFIC bit in CTC_INTC register.

0: No Expect reference occur

1: Expect reference occur

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
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CTC_INTC register.
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 occurs. 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 occurs. 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 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
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

161




€

GigaDevice

GD32F30x User Manual

CKWARNIC

CKOKIC

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

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.

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. Interrupt / event controller (EXTI)

7. Overview
Cortex®-M4 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. More details about
NVIC could referred to the technical reference manual of cortex®-M4.
EXTI (interrupt / event controller) contains up to 20 independent edge detectors and
generates interrupt requests or events to the processor. 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.

7.2. Characteristics
B Cortex®-M4 system exception.
B Up to 68 maskable peripheral interrupts.
B 4 bits interrupt priority configuration—16 priority levels.
B Efficient interrupt processing.
B Support exception pre-emption and tail-chaining.
B Wake up system from power saving mode.
B Up to 20 independent edge detectors in EXTI.
B Three trigger types: rising, falling and both edges.
B Software interrupt or event trigger.
B Trigger sources configurable.

7.3. Interrupts function overview

The Arm Cortex®-M4 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. Table 7-1. NVIC exception types in

Cortex®-M4 and Table 7-2. Interrupt vector table list all exception types.
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Table 7-1. NVIC exception types in Cortex®-M4

Vector
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
PendSV 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
IRQ 1 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
IRQ 5 21 RCU and CTC interrupt RCU and CTC interrupt 0x0000_0054
IRQ 6 22 EXTI line0 interrupt EXTI line0 interrupt 0x0000_0058
IRQ7 23 EXTI line1 interrupt EXTI line1 interrupt 0x0000_005C
IRQ 8 24 EXTI line2 interrupt EXTI line2 interrupt 0x0000_0060
IRQ9 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 channel1 global DMAO channel1 global
IRQ 12 28 0x0000_0070
interrupt interrupt
DMAO channel2 global DMAO channel2 global
IRQ 13 29 0x0000_0074
interrupt interrupt
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Interrupt | Vector Non-connectivity devices Connectivity devices
Vector Address
Number | Number Interrupt Description Interrupt Description
DMAO channel3 global DMAO channel3 global
IRQ 14 30 0x0000_0078
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 0x0000_00AQ
TIMERS global interrupt TIMERS global interrupt
TIMERO update interrupt and | TIMERO update interrupt and
IRQ 25 41 0x0000_00A4
TIMERS global interrupt TIMERO global interrupt
TIMERO trigger and Channel | TIMERO trigger and Channel
IRQ 26 42 commutation interrupts and | commutation interrupts and | 0x0000_00AS8
TIMER10 global interrupt TIMER10 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 TIMERZ2 global interrupt 0x0000_00B4
IRQ 30 46 TIMERS global interrupt TIMERS global interrupt 0x0000_00B8
IRQ 31 47 12C0 event interrupt 12C0 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 12C1 error interrupt 12C1 error interrupt 0x0000_00C8
IRQ 35 51 SPIO0 global interrupt SPI0 global interrupt 0x0000_00CC
IRQ 36 52 SPI1 global interrupt SPI1 global interrupt 0x0000_00D0
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
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 EXTl interrupt 0x0000_0O0E4

interrupt
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Interrupt | Vector Non-connectivity devices Connectivity devices
Vector Address
Number | Number Interrupt Description Interrupt Description
USBD wakeup from EXTI USBFS wakeup from EXTI
IRQ 42 58 0x0000_00ES8
interrupt interrupt
TIMERY break interrupt and | TIMERY break interrupt and
IRQ 43 59 0x0000_0O0EC
TIMER11 global interrupt TIMER11 global interrupt
TIMER?Y update interrupt and | TIMERY7 update interrupt and
IRQ 44 60 0x0000_00F0
TIMER12 global interrupt TIMER12 global interrupt
TIMERY trigger and Channel | TIMER?Y 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 reserved 0x0000_00FC
IRQ 48 64 EXMC global interrupt EXMC global interrupt 0x0000_0100
IRQ 49 65 SDIO global interrupt reserved 0x0000_0104
IRQ50 66 TIMERA4 global interrupt TIMER4 global interrupt 0x0000_0108
IRQ51 67 SPI2 global interrupt SPI2 global interrupt 0x0000_010C
IRQ52 68 UART3 global interrupt UARTS3 global interrupt 0x0000_0110
IRQ53 69 UART4 global interrupt UART4 global interrupt 0x0000_0114
IRQ54 70 TIMERS global interrupt TIMERS global interrupt 0x0000_0118
IRQ55 71 TIMERG global interrupt TIMERG global interrupt 0x0000_011C
DMA1 channel0 global DMA1 channelO global
IRQ56 72 0x0000_0120
interrupt interrupt
DMA1 channel1 global DMA1 channel1 global
IRQ57 73 0x0000_0124
interrupt interrupt
DMA1 channel2 global DMA1 channel2 global
IRQ58 74 ) ) 0x0000_0128
interrupt interrupt
DMA1 channel3 and DMA1 DMA1 channel3 global
IRQ59 75 ) ) 0x0000_012C
channel4 global interrupt interrupt
DMA1 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 reserved CAN1 TX interrupt 0x0000_013C
IRQ64 80 reserved CAN1 RXO interrupt 0x0000_0140
IRQ65 81 reserved CAN1 RX1 interrupt 0x0000_0144
IRQ66 82 reserved CAN1 EWMC interrupt 0x0000_0148
IRQ67 83 reserved USBFS global interrupt 0x0000_014C
Note:

1.

IRQO ~ 59 are available in HD and XD devices, but the TIMERS8 to TIMER13 global
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interrupts(IRQ24. IRQ25. IRQ26. IRQ43. IRQ44. IRQ45)are available only in the XD
devices.

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

7.4. External interrupt and event (EXTI) block diagram

Figure 7-1. Block diagram of EXTI
Polarity Software
Control Trigger
EXTI Line0~19 ‘ Edge
detector
To NVIC
Interrupt Mask
Control
To Wakeup Unit
Event Event Mask
Generate Control
7.5. External Interrupt and Event function overview

The EXTI contains up to 20 independent edge detectors and generates interrupts request or
event to the processor. 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 4 lines from internal
modules which refers to Table 7-3. EXTI source. 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 I/Os (GPIO and AFIO) section for detail).

EXTI can provide not only interrupts but also event signals to the processor. The Cortex®-M4
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
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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.

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.
2.

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).

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

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.

Software trigger

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

1.
2.

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

Source
Number

o

PAQO / PBO/PCO/PDO/PEO/PFO/PGO

PA1/PB1/PC1/PD1/PE1/PF1/PG1

PA2/PB2/PC2/PD2/PE2/PF2/PG2

PA3/PB3/PC3/PD3/PE3/PF3/PG3

PA4 /PB4 /PC4 /PD4 /| PE4 /| PF4 | PG4

PA5/PB5/PC5/PD5/PE5/PF5 /PG5

PAG / PB6 / PC6 / PD6 / PE6G / PF6 / PG6

PA7 / PB7 / PC7 /| PD7 | PE7 | PF7 | PG7

PA8 /PB8/PC8/PD8/PE8/PF8/PG8

Ol |N[OoO|O || W|IN|—~

PA9 / PB9/PC9/PD9/PE9/PF9/PG9

PA10/PB10/PC10/PD10/PE10/PF10/PG10

-
o

PA11/PB11/PC11/PD11/PE11/PF11/PG11

—_
—_

PA12/PB12/PC12/PD12/PE12/PF12/ PG12

-
N
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EXTI Line

N Source
13 PA13/PB13/PC13/PD13/PE13/PF13/PG13
14 PA14 /PB14 / PC14 / PD14 / PE14 / PF14 /| PG14
15 PA15/PB15/PC15/PD15/PE15/ PF15/PG15
16 LVD
17 RTC Alarm
18 USB Wakeup
19 Ethernet 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 ‘INTEN19‘INTEN18‘INTEN17‘INTEN16‘
w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

‘INTEN15‘INTEN14‘INTEN13‘INTEN12‘INTEN11 ‘INTEN10‘ INTEN9 ‘ INTEN8 ‘ INTEN7 ‘ INTENG ‘ INTENS ‘ INTEN4 ‘ INTEN3 ’ INTEN2 ‘ INTEN1 ‘ INTENO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:0 INTENX Interrupt enablebit x (x = 0...19)

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 ‘ EVEN19 | EVEN18 ‘ EVEN17 ‘ EVEN16 ‘
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘EVEN‘IS‘EVENM‘EVEN13‘EVEN12‘EVEN11 ‘EVEN10‘ EVEN9 ‘ EVENS8 ‘ EVEN7 ‘ EVENG6 ‘ EVENS ‘ EVEN4 ‘ EVEN3 ‘ EVEN2 ‘ EVEN1 ‘ EVENO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19: 0 EVENx Event enable bit x (x = 0...19)

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 ‘ RTEN19 | RTEN18 ‘ RTEN17 ‘ RTEN16 ‘
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘RTEN15‘RTEN14‘RTEN13‘RTEN12‘RTEN11 ‘RTEN10‘ RTEN9 ‘ RTEN8 ‘ RTEN7 ‘ RTEN6 ‘ RTENS ‘ RTEN4 ‘ RTEN3 ‘ RTEN2 ‘ RTEN1 ‘ RTENO ‘

w w w w w w w w w w w w w w w rw
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value.
19:0 RTENXx Rising edge trigger enable x (x = 0...19)

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 ‘ FTEN19 | FTEN18 ‘ FTEN17 ‘ FTEN16 ‘
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘FTEN15|FTEN14|FTEN13 ‘ FTEN12 | FTEN11 ‘FTEN10‘ FTEN9 ‘ FTEN8 ‘ FTEN7 ‘ FTENG ‘ FTENS ‘ FTEN4 ‘ FTEN3 | FTEN2 ‘ FTEN1 ‘ FTENO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31: 20 Reserved Must be kept at reset value.
19: 0 FTENXx Falling edge trigger enable x (x = 0...19)

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

This register has to be accessed by word(32-bit).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘ SWIEV19 | SWIEV18 ‘SWIEVW ‘ SWIEV16 ‘
w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

‘SWIEV15|SWIEV14|SWIEV13 ‘SWIEV12|SWIEV11 ‘SWIEV10‘ SWIEV9 l 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
31:20 Reserved Must be kept at reset value.
19:0 SWIEVxX Interrupt / Event software trigger x (x = 0...19)

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, where X is undefined.

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 ‘ PD19 ’ PD18 ‘ PD17 ‘ PD16 ‘

rc_w1 rc_w1 rc_w1 rc_w1

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

‘ PD15 l PD14 l PD13 ‘ PD12 l PD11 ‘ PD10 ‘ PD9 ‘ PD8 ‘ PD7 ‘ PD6 ‘ PD5 ‘ PD4 ‘ PD3 | PD2 ‘ PD1 ‘ PDO ‘

rc_wi rc_w1 rc_wi rc_w1 rc_w1 rc_wi rc_w1 rc_wi rc_w1 rc_wi rc_w1 rc_wi rc_w1 rc_w1 rc_w1 rc_w1
Bits Fields Descriptions
31: 20 Reserved Must be kept at reset value.
19:0 PDx Interrupt pending status x (x = 0...19)

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 1/0s (GPIO
and AFIO)

8.1. Overview
There are up to 112 general purpose /O pins (GPIO), named PAO ~ PA15, PBO ~ PB15, PCO
~PC15, PD0 ~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 floating. 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.
B 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 1/O ports can be configured as 8 modes, including 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 a 32-bits
register (GPIOx_OCTL). Table 8-1. GPIO configuration table shows the details.
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Table 8-1. GPIO configuration table
Configuration mode CTL[1:0] SPDy: MD[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 Oor1
Output (GPIO) x 01: Speed up to 10MHz
utpu ;
P Open-drain 01 x 10: Speed up to 2MHz Oort
0 11: Speed up to 50MHz ,
Alternate Function Push-pull 10 P P don’t care
Output (AFIO) 1 11: Speed up to 120MHz("
utpu . ,
P Open-drain 11 |(SPDy required to be set to 0b1) don’t care
1. 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 standard I/O port bit shows the basic structure of an 1/0
port bit.
Figure 8-1. Basic structure of a standard 1/O port bit
Write | Bit Operate
Registers Output Output driver
Control Vdd
Read/Write > Register -
>
Qutput
. Control :'—
Alternate Function Output |»-4
> ESD
L protection
Vss
‘Analog ( Input / Output ) R 110 Fﬂ‘
Alternate Function Input
T Vdd
Read Input | ﬁ
-« Status | B\
Register |
Schmitt
Input driver trigger ‘L‘Vss
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 as the input floating mode without Pull-Up (PU)/Pull-Down (PD) resistors.
But the JTAG/Serial-Wired Debug pins are configured as input PU/PD mode after reset:

PA15: JTDI in PU mode.
PA14: JTCK/ SWCLK in PD mode.
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PA13: JTMS / SWDIO in PU mode.
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, the user can configure the speed of the
ports and choose 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, the
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.

8.3.2. External interrupt/event lines
All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode.

8.3.3. Alternate functions (AF)
When the port is configured as AFIO (set CTLy bits to “Ob10” or “Ob11”, and set MDy bits to
“0b01”, “Ob10”, or “Ob11”, which is in GPIOx_CTLO/GPIOx_CTLA1 registers), the port is used
as peripheral alternate functions. The detail alternate function assignments for each port are
in the device datasheet.

8.3.4. 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 The output buffer is disabled.

Figure 8-2. Input configuration shows the input configuration of the GPIO pin.
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Figure 8-2. Input configuration
Alternate Function Input
- vdd ESD
T protection
Read Input | ﬁ 1/0 pin
-t Status [« N[t
Register | [H
Schmitt
Input driver trigger _l_ Vss

8.3.5. Output configuration

When GPIO pin is configured as output:

The schmitt trigger input is enabled.

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

The output buffer is enabled.

Open Drain Mode, the pad outputs low level when setting “0” in the output control register.
while the pad holds Hi-Z when setting “1” in the output control register.

Push-Pull Mode, the pad outputs low level when setting “0” in the output control register;
while the pad output high level when setting “1” in the output control register.

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

A read access to the port input status register gets the 1/O state.

Figure 8-3. Output configuration shows the output configuration.

Figure 8-3. Output configuration

Write | Bit Operate

Registers
Output Output driver
Control Vvdd
Read/Write ».| Register J
Output :I
Alternate Function Output o Control
ESD
protection
Vss
[ 1/0 pin
|
I
|
|
|
|
T Vdd :

|

Read Input |

- ————— - Status [A—|-———————- <\ @& --——}—-——- !

Register
Schmitt 1
Input driver trigger = Vss
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8.3.6.

8.3.7.

Analog configuration

When GPIO pin is used as analog configuration:

The weak pull-up and pull-down resistors are disabled.
The output buffer is disabled.

The schmitt trigger input is disabled.

The port input status register of this 1/O port bit is “0”.

Figure 8-4. Analog confiquration shows the analog configuration.

Figure 8-4. Analog configuration

Analog ( Input / Output )
-

ESD
protection

I/0 pin

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 driven by the peripheral.
The schmitt trigger input is enabled.

A read access to the port input status register gets the 1/O state.

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

The weak pull-up and pull-down resistors could be chosen when input.
The I/O pin data is stored into the port input status register every APB2 clock.

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

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

the GPIO pin.
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8.3.8.

8.3.9.

8.4.

8.4.1.

Figure 8-5. Alternate function configuration

Output driver

Alternate Function Output

Output
Control [ |

Y

ESD
protection

\j 110 pin

1 Vdd

Alternate Function Input

] xi: ‘3
Schmitt
Input driver trigger

L Vss

GPIO locking function

The locking mechanism allows the 10 configuration to be protected.

The protected registers are GPIOx_CTLO, GPIOx_CTLA1. It allows the 1/O configuration to be
frozen by the 32-bit locking register (GPIOx_LOCK). When the special LOCK sequence has
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 recommended to be used in the configuration of driving a power module.

GPIO I/0 compensation cell

If the I/O port output speed need more than 50MHz, it is recommended to use the
compensation cell for slew rate control to reduce the 1/O noise effects on the power supply.

Compensation cell is disabled after reset, it needs to be enabled by the user. After enabling
the compensation cell, the complete flag CPS_RDY is set to indicate that the compensation
cell is ready and can be used. If the supply voltage over 2.4 V~3.6V, must disable the
compensation cell.

Remapping function I/0 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 up to four different functions by setting the AFIO port configuration register
(AF1IO_PCFO/AFIO_PCF1). Suitable pinout locations can be selected using the peripheral 10

remapping function. Additionally, various GPIO pins can be selected to be the EXTI interrupt
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line source by setting the relevant EXTI source selection register (AFIO_EXTISSx) to trigger
an interrupt or event.

8.4.2. Main features

m  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

GPIO port Alternate function
PA13 JTMS / SWDIO
PA14 JTCK/ SWCLK
PA15 JTDI
PB3 JTDO / TRACESWO
PB4 NJTRST

PE2 TRACECK
PE3 TRACEDO
PE4 TRACED1
PE5 TRACED2
PE6 TRACED3

To reduce the number of GPIOs used for debug, the 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_CFG Pin availability
2:0] JTAG-DP and SW-DP

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 N, N N
DP Disabled
Other Forbidden

Can’t released if using asynchronous trace.
2. “J”Indicates that the corresponding pin can be used as a general-purpose 1/O.
3. “X”Indicates that the corresponding pin can’t be used as a general-purpose 1/0.
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GigaDevice
8.44. ADC AF remapping
Refer to AFIO Port Configuration Register 0 (AFIO_ PCFO0).
Table 8-4. ADCO/ADC1 external trigger rountine conversion AF remapping (")
Register ADCO ADC1
ADCO external signal trigger
ADCO_ETRGRER_REMA
P=0 normal conversion is connected -
to EXTI11
ADCO external signal trigger
ADCO_ETRGRER_REMA
b= rountine conversion is connected -
to TIMER7_TRGO
ADC1 external signal trigger
ADC1_ETRGRER_REMA
P=0 - rountine conversion is connected
to EXTI11
ADC1_ETRGRER_REMA ADC1 external signal trigger
P=1 - rountine conversion is connected
to TIMER7_TRGO
1. Remap available only for High-density and Extra-density devices
8.4.5. TIMER AF remapping

Table 8-5. TIMERXx alternate function remapping

TIMERx_REMAP [1:0](x=0, 1, 2)
Alternate TIMERx_REMAP(x =3, 8, 9, 10,
function 12, 13)
“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 PA11 - 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)
Alternate TIMERx_REMAP(x =3, 8, 9, 10,
function 12, 13) '
“0” [“00” (no | “1” [“01” (partial “10” (partial
“11” (full remap)
remap) remap) remap)
TIMERO_CH2_
ON PB15 PB1 - PE12

TIMER1_CHO/T

MER1_ETI PAO PA15 PAO PA15
TIMER1_CH1 PA1 PB3 PA1 PB3
TIMER1_CH2 PA2 PB10
TIMER1_CH3 PA3 PB11
TIMER2_CHO PA6 - 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 PE5 - -
TIMERS8_CH1 PA3 PE6 - -
TIMER9_CHO PB8 PF6 - -
TIMER10_CHO PB9 PF7 - -
TIMER12_CHO PAB PF8 - -
TIMER13_CHO PA7 PF9 - -

o~ obh =~

Table 8-6. TIMER4 alternate function remapping

TIMERO remap available only for 100-pin and 144-pin packages
TIMER1_CHO and TIMER1_ETI share the same pin but cannot be used at the same time
TIMERZ2 remap available only for 64-pin, 100-pin and 144-pin packages.
TIMERS3 remap available only for 100-pin and 144-pin packages.

TIMERS8/9/10/12/13 refer to the AF remap and debug I/O configuration register

1(AFIO_PCF1).

Alternate function

TIMER4CH3_IREMAP = 0

TIMER4CH3_IREMAP = 1

TIMER4_CH3

TIMER4_CH3 is connected to PA3

IRC40K internal clock is
connected to TIMER4 _CH3

input for calibration purpose

1.

Remap available only for High-density and Extra-density and Connectivity lines devices.
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8.4.6.

8.4.7.

USART AF remapping

Refer to AFIO port configuration register 0 (AFIO_PCFO).

Table 8-7. USART alternate function remapping

Register

USARTO

USART1

USART2

USARTO_REMAP =0

PA9(USARTO_TX)
PA10(USARTO_RX)

USARTO_REMAP =1

PBB(USARTO_TX)
PB7(USARTO_RX)

USART1_REMAP =0

PAO(USART1_CTS)
PA1(USART1_RTS)
PA2(USART1_TX)
PA3(USART1_RX)
PA4(USART1_CK)

USART1_REMAP =1
™

PD3(USART1_CTS)
PD4(USART1_RTS)
PD5(USART1_TX)
PD6(USART1_RX)
PD7(USART1_CK)

USART2_REMAPI[1:0]
= “00” (no remap)

PB10(USART2_TX)

PB11(USART2_RX)

PB12(USART2_CK)
PB13(USART2_CTS)
PB14(USART2_RTS)

USART2_REMAP
[1:0] =“01” (partial
remap) @

PC10(USART2_TX)
PC11(USART2_RX)
PC12(USART2_CK)
PB13(USART2_CTS)
PB14(USART2_RTS)

USART2_REMAP

[1:0] =117 (full remap)
(©)

PD8(USART2_TX)

PD9(USART2_RX)
PD10(USART2_CK)
PD11(USART2_CTS)
PD12(USART2_RTS)

1. Remap available only 100-pin and 144-pin packages

2. Remap available only for 64-pin,100-pin and 144-pin packages

3. Remap available only 100-pin and 144-pin packages

12C0 AF remapping

Refer to AFIO port configuration register 0 (AFIO_ PCFO0).
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Table 8-8. 12C0 alternate function remapping
Register 12C0_SCL 12C0_SDA
[2C0_REMAP =0 PB6 PB7
[2C0_REMAP =1 PB8 PB9
8.4.8. SPI/I12S AF remapping

Refer to AFIO port configuration register 0 (AFIO_PCFO0).

Table 8-9. SPI/I2S alternate function remapping
Register SPI0 SPI2/12S
PA4(SPI0_NSS)
PA5(SPI0_SCK)
PAB(SPI0_MISO)
SPI0_REMAP =0 -
PA7(SPI0O_MOSI)

PA2(SPI0_l02)
PA3(SPI0_lO3)
PA15(SPI0_NSS)
PB3(SPI0_SCK)
PB4(SPI0_MISO)
SPI0O_REMAP =1 -
PB5(SPI0_MOSI)

PB6(SPI0_IO2)

PB7(SPI0_lO3)

PA15(SPI2_NSS/ 12S2_WS)
PB3(SPI2_SCK/ 12S2_CK)
PB4(SPI2_MISO)
PB5(SPI2_MOSI/I2S2_SD)
PA4(SPI2_NSS/ 12S2_WS)
PC10(SPI2_SCK/ 12S2_CK)
PC11(SPI2_MISO)
PC12(SPI2_MOSI/I2S2_SD)

SPI2_REMAP =0 -

SPI2_REMAP =1 -

8.4.9. CAN AF remapping

The CANO signals can be mapped on Port A, Port B or Port D as shown in table below. For
port D, remapping is not possible in devices delivered in 64-pin packages.

Table 8-10. CAN alternate function remapping

Register (1) CANO CAN1
CANO_REMAP[1:0] PA11(CANO_RX)
=00 PA12(CANO_TX) )
CANO_REMAPI[1:0] PB8(CANO_RX)
=10" PB9(CANO_TX) )
CANO_REMAP[1:0] PDO(CANO_RX)
=117@) PD1(CANO_TX) )
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Register (! CANO CAN1
PB12(CAN1_RX)
CAN1_REMAP = “0" -
- PB13(CAN1_TX)
CAN1_REMAP = “1” - PESCANT_RX)
- PB6(CAN1_TX)
1. CANO_RX and CANO_TX in connectivity line devices; CAN_RX and CAN_TX in other
devices with a single CAN interface.
2. This remapping is available only on 100-pin packages.
8.4.10. Ethernet AF remapping
Table 8-11. ENET alternate function remapping
Register ENET
PA7(RX_DV-CRS_DV)
PC4(RXDO0)
ENET_REMAP = “0” PC5(RXD1)
PBO(RXD2)
PB1(RXD3)
PD8(RX_DV-CRS_DV)
PD9(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
Register CTC_SYNC
CTC_REMAP [1:0] = “00” PA8
CTC_REMAP [1:0] = “01” PD15
CTC_REMAP [1:0] = “10” or “11” PFO
8.4.12. CLK pins AF remapping

The LXTAL oscillator pins OSC32_IN and OSC32_OUT can be used as general-purpose /O
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.
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2. Refer to the note on |0 usage restrictions in Section 3.3.1.

Table 8-13. OSC32 pins configuration

Alternate function LXTAL= ON LXTAL= OFF
PC14 OSC32_IN PC14
PC15 0SC32_0UuT PC15

The HXTAL oscillator pins OSC_IN/OSC_OUT can be used as general-purpose 1/0 PDO/PD1.

Table 8-14. OSC pins configuration

Alternate function HXTAL= ON HXTAL = OFF
PDO OSC_IN PDO
PD1 OSC_OuT 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(x= A, C..G) / 0x4448 4444(x=B)
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] l MD7[1:0] l CTL6[1:0] ‘ MD6[1:0] ‘ CTL5[1:0] ‘ MD5[1:0] CTL4[1:0] | MD4[1:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 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]
Bits Fields Descriptions
31:30 CTL7[1:0] Pin 7 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
29:28 MD7[1:0] Pin 7 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
27:26 CTL6[1:0] Pin 6 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description
25:24 MD6[1:0] Pin 6 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
23:22 CTL5[1:0] Pin 5 configuration bits

These bits are set and cleared by software
refer to CTLO[1:0]description
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21:20

19:18

17:16

15:14

13:12

11:10

9:8

7:6

54

3:2

MDS5[1:0]

CTLA[1:0]

MDA4[1:0]

CTL3[1:0]

MD3[1:0]

CTL2[1:0]

MD2[1:0]

CTLA[1:0]

MDA[1:0]

CTLO[1:0]

Pin 5 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Pin 4 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Pin 4 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Pin 3 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Pin 3 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Pin 2 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Pin 2 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Pin 1 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

Pin 1 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

Pin 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
01: GPIO output with open-drain
10: AFIO output with push-pull

187



€

GigaDevice GD32F30x User Manual

11: AFIO output with open-drain

1:0 MDO[1:0] Pin 0 mode bits
These bits are set and cleared by software
00: Input mode (reset state)
01: Output mode ,max speed 10MHz
10: Output mode ,max speed 2 MHz
11: Output mode ,max speed 50MHz

8.5.2. Port control register 1 (GPIOx_CTL1, x=A..G)

Address offset: 0x04
Reset value: 0x4444 4444(x= B..G) / 0x8884 4444(x=A)

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
‘ 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 1 10 9 8 7 6 5 4 3 2 1 0
‘ CTL11[1:0] l MD11[1:0] l 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] Pin 15 configuration bits

These bits are set and cleared by software
refer to CTLO[1:0]description

29:28 MD15[1:0] Pin 15 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

27:26 CTL14[1:0] Pin 14 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

25:24 MD14[1:0] Pin 14 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

23:22 CTL13[1:0] Pin 13 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

21:20 MD13[1:0] Pin 13 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description
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19:18 CTL12[1:0] Pin 12 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

17:16 MD12[1:0] Pin 12 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

15:14 CTL11[1:0] Pin 11 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

13:12 MD11[1:0] Pin 11 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

11:10 CTL10[1:0] Pin 10 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

9:8 MD10[1:0] Pin 10 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

7:6 CTL9[1:0] Pin 9 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

5:4 MD9[1:0] Pin 9 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

3:2 CTL8[1:0] Pin 8 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

1:0 MD8[1:0] Pin 8 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

8.5.3. Port input status register (GPIOx_ISTAT, x=A..G)

Address offset: 0x08
Reset value: 0x0000 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
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15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

‘ ISTAT15 l ISTAT14 l ISTAT13 ‘ ISTAT12 l ISTAT11 ‘ ISTAT10| ISTAT 9 ‘ ISTAT 8 l ISTAT 7 | ISTAT 6 | ISTAT 5 ‘ ISTAT 4 | ISTAT 3 ‘ ISTAT 2 | ISTAT 1 ‘ ISTAT 0 ‘

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 Pin 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(x= C..G) / 0x0000 a000(x=A) / 0x0000 0010(x=B)

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 1" 10 9 8 7 6 5 4 3 2 1 0

‘OCTL15 ‘ OCTL14 ‘ OCTL13 ‘ OCTL12 ‘ OCTL11 ‘ OCTL'IO‘ OCTL9 ‘ OCTL8 ‘ OCTL7 ‘ OCTL6 ‘ OCTLS5 ‘ OCTL4 ‘ OCTL3 ‘ OCTL2 ’ OCTL1 ‘ OCTLO ‘

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 OCTLy Pin 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

190



€

GigaDevice GD32F30x User Manual

‘ BOP15 l BOP14 l BOP13 ‘ BOP12 l BOP11 ‘ BOP10| BOP9 ‘ BOP8 l BOP7 | BOP6 | BOP5 ‘ 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 Pin 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 bit to O

15:0 BOPy Pin 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 bit to 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 Pin 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 bit to O

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

Reserved
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ LK15 | LK14 | LK13 ‘ LK12 | LK11 ‘ LK10 | LK9 ‘ LK8 | LK7 | LK6 | LK5 ‘ LK4 | LK3 ‘ LK2 | LK1 ‘ LKO ‘
w w w w w w w w 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 it is always readable.
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 Pin 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 1 10 9 8 7 6 5 4 3 2 1 0

‘ SPD15 ‘ SPD14 ‘ SPD13 ‘ SPD12 ‘ SPD11 ‘ SPD10 ‘ SPD9 ‘ SPD8 ‘ SPD7 ‘ SPD6 ‘ SPD5 ‘ SPD4 ‘ SPD3 ‘ SPD2 ’ SPD1 ‘ SPDO ‘
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 SPDy Set very high output speed(120MHz) when MDx is Ob11.

If the Pin 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 pin 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.
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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 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EOE | PORT[2:0] PIN[3:0]

w w w

Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7 EOE Event output enable

Set and cleared by software. When this bit is set, the Cortex EVENTOUT output is
connected to the I/O selected by the PORT[2:0] and PIN[3:0] bits.

6:4 PORTI[2:0] Event output port selection
Set and cleared by software. Select the port 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 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 and Extra-density devices:
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADC1_ ADCO_
SPI2_ ETRGRE ETRGRE TIMERAC
Reserved Reserved SWJ_ CFG[2:0] Reserved Reserved Reserved | H3_
REMAP R R REMAP
_REMAP _REMAP
w w w w w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDO1_ TIMER3_| TIMER2_REMAP TIMER1_REMAP TIMERO_REMAP USART2_ USART1_|USARTO_| 12C0_ SPI0_
CAN_REMAP [1:0]
REMAP REMAP [1:0] [1:0] [1:0] REMAPI[1:0] REMAP | REMAP | REMAP | REMAP
w rw rw w w w w w rw w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value.
28 SPI12_REMAP SPI2/12S2 remapping
This bit is set and cleared by software.
0: No remap  (SPI2_NSS-1282_WS/PA15,  SPI2_SCK-12S2_CK/PB3,
SPI12_MISO/PB4, SPI2_MOSI-I2S_SD/PB5)
1. Full  remap (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_CFG[2:0] Serial wire JTAG configuration
These bits are write-only (when read, the value is undefined).They are used to
configure the SWJ and trace alternate function I/Os. 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.
000: Full SWJ (JTAG-DP + SW-DP): reset state
001: Full SWJ (JTAG-DP + SW-DP): but without NJ TRST
010: JTAG-DP Disabled and SW-DP Enabled
100: JTAG-DP Disabled and SW-DP Disabled
Other: no effect
23:21 Reserved Must be kept at reset value.
20 ADC1_ETRGREG_ ADC 1 external trigger rountine conversion remapping
REMAP Set and cleared by software. The bit controls the trigger input be connected to ADC1
external trigger rountine conversion or not. When this bit is reset, the ADC1 external
trigger rountine conversion to EXTI11. When this bit is set, the ADC1 external event
rountine conversion is connected to TIMER7_TRGO.
19 Reserved Must be kept at reset value.
18 ADCO_ETRGREG_ ADC 0 external trigger rountine conversion remapping

REMAP

Set and cleared by software.
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17

16

15

14:13

12

11:10

9:8

Reserved

TIMER4CH3_
IREMAP

PD0O1_REMAP

CAN_REMAP [1:0]

TIMER3_REMAP

TIMER2_
REMAP[1:0]

TIMER1_REMAP
[1:0]

Must be kept at reset value.

TIMER4 channel3 internal remapping

Set and cleared by software.This bit controls the TIMER4_CH3 internal mapping.
When reset, TIMER4_CH3 is connected to PA3. When set the IRC40K internal
clock is connected to TIMER4_CH3 input for calibration purpose.

Note: This bit is available only in High-density value line devices.

0: No remap

1: Remap

Port DO/Port D1 mapping on OSC_IN/OSC_OUT

This bit is set and cleared by software.

0: Not remap

1: PDO remapped on OSC_IN, PD1 remapped on OSC_OUT

CAN interface remapping

These bits are set and cleared by software.

00: No remap (CAN_RX/PA11, CAN_TX/PA12)
01: Not used

10: Partial remap (CAN_RX/PB8, CAN_TX/PB9)
11: Full remap (CAN_RX/PDO0, CAN_TX/PD1)

TIMERS3 remapping

This bit is set and cleared by software.

0: No remap (TIMER3_CHO/PB6, TIMER3_CH1/PB7, TIMER3_CH2/PBS,
TIMER3_CH3/PB9)

1: Full remap (TIMER3_CHO/PD12, TIMER3_CH1/PD13, TIMER3_CH2/PD14,
TIMER3_CH3/PD15)

TIMER2 remapping

These bits are set and cleared by software.

00: No remap (TIMER2_CHO/PA6, TIMER2_CH1/PA7, TIMER2_CH2/PBO,
TIMER2_CH3/PB1)

01: Not used

10: Partial remap (TIMER2_CHO0/PB4, TIMER2_CH1/PB5, TIMER2_CH2/PBO,
TIMER2_CH3/PB1)

11: Full remap (TIMER2_CHO/PC6, TIMER2_CH1/PC7, TIMER2_CH2/PCS,
TIMER2_CH3/PC9)

TIMER1 remapping
These bits are set and cleared by software.
00: No remap (TIMER1_CHO-TIMER1_ETI/PAOQ, TIMER1_CH1/PA1,
TIMER1_CH2/PA2, TIMER1_CH3/PA3)
01: Partial remap (TIMER1_CHO-TIMER1_ETI/PA15, TIMER1_CH1/PB3,
TIMER1_CH2/PA2, TIMER1_CH3/PA3)
10: Partial remap (TIMER1_CHO-TIMER1_ETI/PAO, TIMER1_CH1/PAT1,
TIMER1_CH2/PB10, TIMER1_CH3/PB11)

195



€

GigaDevice

GD32F30x User Manual

7:6

54

TIMERO_REMAP
[1:0]

USART2_REMAP
[1:0]

USART1_REMAP

USARTO_REMAP

12C0_REMAP

SPI0_REMAP

11: Full remap(TIMER1_CHO-TIMER1_ETI/PA15, TIMER1_CH1/PB3,
TIMER1_CH2/PB10, TIMER1_CH3/PB11)

TIMERO remapping

These bits are set and cleared by software.

00: No remap (TIMERO_ETI/PA12, TIMERO_CHO/ PA8, 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: Partial remap (TIMERO_ETI/PA12, TIMERO_CHO/ PA8, TIMERO_CH1/PA9,
TIMERO_CH2/PA10, TIMERO_CH3/PA11, TIMERO_BRKIN/PAS,
TIMERO_CHO_ON/PA7, TIMERO_CH1_ON/PBO, TIMERO_CH2_ON/PB1)

10: Not used

11: Full remap (TIMERO_ETI/PE7, TIMERO_CHO/ PE9, TIMERO_CH1/PE11,
TIMERO_CH2/PE13, TIMERO_CH3/PE14, TIMERO_BRKIN/PE15,
TIMERO_CHO_ON/PES8, TIMERO_CH1_ON/PE10, TIMERO_CH2_ON/PE12)

USART2 remapping

These bits are set and cleared by software.

00: No remap (USART2_TX/PB10, USART2_RX /PB11, USART2_CK/PB12,
USART2_CTS/PB13, USART2_RTS/PB14)

01: Partial remap (USART2_TX/PC10, USART2_RX /PC11, USART2_CK/PC12,
USART2_CTS/PB13, USART2_RTS/PB14)

10: Not used

11: Full remap (USART2_TX/PD8, USART2_RX /PD9, USART2_CK/PD10,
USART2_CTS/PD11, USART2_RTS/PD12)

USART1 remapping

This bit is set and cleared by software.

0: No remap (USART1_CTS/PA0, USART1_RTS/PA1, USART1_TX/PA2,
USART1_RX /PA3, USART1_CK/PA4)

1. Remap (USART1_CTS/PD3, USART1_RTS/PD4, USART1_TX/PDS5,
USART1_RX/PD6, USART1_CK/PD7)

USARTO remapping

This bit is set and cleared by software.

0: No remap (USARTO_TX/PA9, USARTO0_RX /PA10)
1: Remap (USARTO_TX/PB6, USART0_RX /PB7)

12C0 remapping

This bit is set and cleared by software.

0: No remap (12C0_SCL/PB®6, 12C0_SDA /PB7)
1: Remap (12C0_SCL/PB8, I12C0_SDA /PB9)

SPI0 remapping
This bit is set and cleared by software.
0: No remap (SPI0O_NSS/PA4, SPI0_SCK /PA5, SPI0_MISO /PA6, SPI0_MOSI
/PA7, SPI0O_lO2 /PA2, SPI0_IO3 /PA3)
196



€

GigaDevice GD32F30x User Manual
1: Remap (SPI0_NSS/PA15, SPI0_SCK /PB3, SPI0_MISO /PB4, SPI0_MOSI /PB5,
SPI0_IO2 /PB6, SPI0_I03 /PB7)
Memory map and bit definitions for connectivity devices:
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PTP_ TIMER1 ENET TIMER4
Reserved| PPS_ | ITI_ Sz Reserved SWJ_ CFG[2:0] _PHY CANT | ENET- Reserved CH3_
REMAP REMAP | REMAP
REMAP | REMAP _SEL IREMAP
w rw w w w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PDO1_ TIMER3_ TIMER2_ TIMER1_ TIMERO_ USART2_ USART1_|USARTO_| 12C0_ | SPIO_
CANO_REMAP [1:0]
REMAP REMAP REMAP[1:0] REMAP[1:0] REMA [1:0] REMAP[1:0] REMAP | REMAP | REMAP | REMAP
w w w w w w w w w rw w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 PTP_PPS_REMAP Ethernet PTP PPS remapping
This bit is set and cleared by software. It enables the Ethernet MAC_PPS to be
output on the PB5 pin
0: PPT_PPS not output PB5 pin
1: PPT_PPS is output on PB5 pin
Note: This bit is available only in connectivity line devices and is reserved otherwise.
29 TIMER1ITIM1_REMAP TIMERH1 internal trigger 1 remapping
These bits are set and cleared by software. It control the TMER1_ITI1 internal
mapping
0: Connect TIMER1_ITI1 internally to the Ethernet PTP output for calibration
purposes
1: Connect USB OTG SOF (Start of Frame) output TIMER1_ITI1 for calibration
purposes
Note: This bit is available only in connectivity line devices and is reserved otherwise.
28 SPI2_REMAP SPI2/12S2 remapping
This bit is set and cleared by software.
0: No remap  (SPI2_NSS-12S82_WS/PA15,  SPI2_SCK-12S2_CK/PB3,
SPI12_MISO/PB4, SPI2_MOSI-I2S_SD/PB5)
1 Full  remap (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_CFG[2:0] Serial wire JTAG configuration

These bits are write-only (when read,the value is undefined).They are used to
configure the SWJ and trace alternate function I/Os. The SWJ(Serial Wire JTAG)
supports JTAG or SWD access to the Cortex debug port. The default state after
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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
000: Full SWJ(JTAG-DP +SW-DP): Reset State
001: Full SWJ(JTAG-DP +SW-DP): but without NJTRST
010: JTAG-DP Disabled and SW-DP Enabled
100: JTAG-DP Disabled and SW-DP Disabled

Other combinations: no effect

23 ENET_PHY_SEL Ethernet MIl or RMII PHY selection
This bit is set and cleared by software.lt configures the Ethernet MAC internally for
use with an external Mll or RMII PHY.
0:Configure Ethernet MAC for connection with an MIl PHY
1:Configure Ethernet MAC for connection with an RMIl PHY
Note: This bit is available only in connectivity line devices and is reserved otherwise.

22 CAN1_REMAP CAN1 1/O remapping
This bit is set and cleared by software.It controls the CAN1_TX and CAN1_RX pins
0: No remap (CAN1_RX/PB12, CAN_TX/PB13)
1: Remap (CAN1_RX/PB5, CAN_TX/PB6)

Note: This bit is available only in connectivity line devices and is reserved otherwise.

21 ENET_REMAP Ethernet MAC 1/0O remapping
This bit is set and cleared by software. It controls the Ethernet MAC connections
with PHY
0: No remap (RX_DV-CRS_DV/PA7,RXD0/PC4,RXD1/PC5,RXD2/PBO,
RXD3/PB1)
1: Remap (RX_DV-CRS_DV/PD8,RXD0/PD9,RXD1/PD10,RXD2/PD11,
RXD3/PD12)
Note: This bit is available only in connectivity line devices and is reserved otherwise.

20:17 Reserved Must be kept at reset value.
16 TIMER4CH3_IREMA TIMER4 channel3 internal remapping
P Set and cleared by software.This bit controls the TIMER4_CH3 internal mapping.

When reset timer TIMER4_CH3 is connected to PA3.When set the IRC40K internal
clock connected to TIMER4_CH3 input for calibration purpose.

0: No remap

1: Remap

15 PD01_REMAP Port DO/Port D1 remapped on OSC_IN/OSC_OUT
This bit is set and cleared by software.
0: Not remap
1: PDO remapped on OSC_IN, PD1 remapped on OSC_OUT

14:13 CANO_REMAP[1:0] CANO alternate interface remapping
These bits are set and cleared by software.
00: No remap (CANO_RX/PA11, CANO_TX/PA12)
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12

11:10

9:8

7:6

54

TIMER3_REMAP

TIMER2_REMAP
[1:0]

TIMER1_REMAP
[1:0]

TIMERO_REMAP
[1:0]

USART2_REMAP

01: Not used
10: Partial remap (CANO_RX/PB8, CANO_TX/PB9)
11: Full remap (CANO_RX/PD0O, CANO_TX/PD1)

TIMERS3 remapping

This bit is set and cleared by software.

0: No remap (TIMER3_CHO0/PB6, TIMER3_CH1/PB7, TIMER3_CH2/PB8,
TIMER3_CH3/PB9)

1: Full remap (TIMER3_CHO/PD12, TIMER3_CH1/PD13, TIMER3_CH2/PD14,
TIMER3_CH3/PD15)

TIMER2 remapping

These bits are set and cleared by software.

00: No remap (TIMER2_CHO/PA6, TIMER2_CH1/PA7, TIMER2_CH2/PBO,
TIMER2_CH3/PB1)

01: Not used

10: Partial remap (TIMER2_CHO0/PB4, TIMER2_CH1/PB5, TIMER2_CH2/PBO,
TIMER2_CH3/PB1)

11: Full remap (TIMER2_CHO/PC6, TIMER2_CH1/PC7, TIMER2_CH2/PCS,
TIMER2_CH3/PC9)

TIMER1 remapping

These bits are set and cleared by software.

00: No remap (TIMER1_CHO-TIMER1_ETI/PAO, TIMER1_CH1/PA1,
TIMER1_CH2/PA2, TIMER1_CH3/PA3)

01: Partial remap 0 (TIMER1_CHO-TIMER1_ETI/PA15, TIMER1_CH1/PB3,
TIMER1_CH2/PA2, TIMER1_CH3/PA3)

10: Partial remap 1 (TIMER1_CHO-TIMER1_ETI/PAO, TIMER1_CH1/PAT1,
TIMER1_CH2/PB10, TIMER1_CH3/PB11)

11:  Full  remap (TIMER1_CHO-TIMER1_ETI/PA15, TIMER1_CH1/PB3,
TIMER1_CH2/PB10, TIMER1_CH3/PB11)

TIMERO remapping

These bits are set and cleared by software.

00: No remap (TIMERO_ETI/PA12, TIMERO_CHO/ PA8, 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: Partial remap (TIMERO_ETI/PA12, TIMERO_CHO/ PA8, TIMERO_CH1/PA9,
TIMERO_CH2/PA10, TIMERO_CH3/PA11, TIMERO_BRKIN/PAS,
TIMERO_CHO_ON/PA7, TIMERO_CH1_ON/PBO, TIMERO_CH2_ON/PB1)

10: Not used

11: Full remap (TIMERO_ETI/PE7, TIMERO_CHO/ PE9, TIMERO_CH1/PE11,
TIMERO_CH2/PE13, TIMERO_CH3/PE14, TIMERO_BRKIN/PE15,
TIMERO_CHO_ON/PES8, TIMERO_CH1_ON/PE10, TIMERO_CH2_ON/PE12)

USART2 remapping
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[1:0] These bits are set and cleared by software.
00: No remap (USART2_TX/PB10, USART2_RX /PB11, USART2_CK/PB12,
USART2_CTS/PB13, USART2_RTS/PB14)
01: Partial remap (USART2_TX/PC10, USART2_RX /PC11, USART2_CK/PC12,
USART2_CTS/PB13, USART2_RTS/PB14)
10: Not used
11: Full remap (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 cleared by software.
0: No remap (USART1_CTS/PAO, USART1_RTS/PA1, USART1_TX/PA2,
USART1_RX /PA3, USART1_CK/PA4)
1. Remap (USART1_CTS/PD3, USART1_RTS/PD4, USART1_TX/PD5,
USART1_RX /PD6, USART1_CK/PD7)

2 USARTO0_REMAP USARTO remapping
This bit is set and cleared by software.
0: No remap (USARTO_TX/PA9, USARTO_RX /PA10)
1: Remap (USARTO_TX/PB6, USART0_RX /PB7)

1 12C0_REMAP 12C0 remapping
This bit is set and cleared by software.
0: No remap (12C0_SCL/PB®6, 12C0_SDA /PB7)
1: Remap (12C0_SCL/PB8, I12C0_SDA /PB9)

0 SPI0_ REMAP SPI0 remapping
This bit is set and cleared by software.
0: No remap (SPI0_NSS/PA4, SPI0_SC /PA5, SPI0_MISO/PAG, SPI0_MOSI/PA7,
SPI0_IO2/PA2, SPI0_IO3/PA3)
1: Remap (SPI0_NSS/PA15, SPI0_SCK/PB3, SPI0_MISO/PB4, SPI0_MOSI/PB5,
SPI0_I02/PB6, SPI0_IO3/PB7)

8.5.11. EXTI sources selection register 0 (AFIO_EXTISS0)

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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EXTI3_SS [3:0] EXTI2_SS [3:0] EXTI1_SS [3:0] EXTIO0_SS [3:0]
w w w w
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Bits

Fields

Descriptions

31:16

15:12

11:8

74

3.0

Reserved

EXTI3_SS [3:0]

EXTI2_SS [3:0]

EXTI1_SS [3:0]

EXTIO_SS [3:0]

Must be kept at reset value.

EXTI 3 sources selection

0000: PA3 pin

0001: PB3 pin

0010: PC3 pin

0011: PD3 pin

0100: PE3 pin

0101: PF3 pin

0110: PG3 pin

Other configurations are reserved.

EXTI 2 sources selection
0000: PA2 pin
0001: PB2 pin
0010: PC2 pin
0011: PD2 pin
0100: PE2 pin
0101: PF2 pin
0110: PG2 pin

Other configurations are reserved.

EXTI 1 sources selection

0000: PA1 pin

0001: PB1 pin

0010: PC1 pin

0011: PD1 pin

0100: PE1 pin

0101: PF1 pin

0110: PG1 pin

Other configurations are reserved.

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.
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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 1" 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 w w 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: PBY7 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: PCB6 pin
0011: PD6 pin
0100: PEG6 pin
0101: PF6 pin
0110: PG6 pin

Other configurations are reserved.

74 EXTI5_SS [3:0] EXTI 5 sources selection
0000: PAS5 pin
0001: PB5 pin
0010: PC5 pin
0011: PD5 pin
0100: PES5 pin
0101: PF5 pin
0110: PG5 pin
Other configurations are reserved.
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3.0 EXTI4_SS [3:0] EXTI 4 sources selection
0000: PA4 pin
0001: PB4 pin
0010: PC4 pin
0011: PD4 pin
0100: PE4 pin
0101: PF4 pin
0110: PG4 pin
Other configurations are reserved.
8.5.13. EXTI sources selection register 2 (AFIO_EXTISS2)
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
‘ Reserved ‘
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ EXTI11_SS [3:0] EXTI10_SS [3:0] EXTI9_SS [3:0] EXTI8_SS [3:0] ‘
w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:12 EXTI11_SS [3:0] EXTI 11 sources selection
0000: PA11 pin
0001: PB11 pin
0010: PC11 pin
0011: PD11 pin
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
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74

3.0

8.5.14.

31

Other configurations are reserved.

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.

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.

EXTI sources selection register 3 (AFIO_EXTISS3)

Address offset: 0x14
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

Reserved

15

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

EXTI15_SS [3:0] EXTI14_SS [3:0] EXTI13_SS [3:0] EXTI12_SS [3:0]

Bits

w w w w

Fields Descriptions

31:16

15:12

Reserved Must be kept at reset value.

EXTI15_SS [3:0] EXTI 15 sources selection
0000: PA15 pin
0001: PB15 pin
0010: PC15 pin
0011: PD15 pin
0100: PE15 pin
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11:8

74

3:0

8.5.15.

31 30

EXTI14_SS [3:0]

EXTI13_SS [3:0]

EXTI12_SS [3:0]

0101: PF15 pin
0110: PG15 pin

Other configurations are reserved.

EXTI 14 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
Other configurations are reserved.

EXTI 13 sources selection
0000:

0001

EXTI 12 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA14 pin
PB14 pin
PC14 pin
PD14 pin
PE14 pin
PF14 pin
PG14 pin

PA13 pin

: PB13 pin
0010:
0011:
0100:
0101:
0110:

Other configurations are reserved.

PC13 pin
PD13 pin
PE13 pin
PF13 pin
PG13 pin

PA12 pin
PB12 pin
PC12 pin
PD12 pin
PE12 pin
PF12 pin
PG12 pin

Other configurations are reserved.

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

Reserved

15 14
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EXMC_N | TIMER13 | TIMER12 [ TIMER10 | TIMER9_ | TIMERS_
Reserved CTC_REMAP [1:0] Reserved
ADV _REMAP | _REMAP | _REMAP | REMAP | REMAP
w w w w w w w
Bits Fields Descriptions
31:13 Reserved Must be kept at reset value.
12:11 CTC_REMAP [1:0] CTC remapping
These bits are set and cleared by software, they control the mapping of the
CTC_SYNC alternate function onto the GPIO ports.
00: No remap (PA8)
01: Remap 0 (PD15)
10/11: Remap 1 (PFO0)
10 EXMC_NADV EXMC_NADV 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.
9 TIMER13_REMAP  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: No remap (PA7)
1: Remap (PF9)
8 TIMER12_REMAP  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: No remap (PAB6)
1: Remap (PF8)
7 TIMER10_REMAP  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: No remap (PB9)
1: Remap (PF7)
6 TIMER9 REMAP 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: No remap (PB8)
1: Remap (PF6)
5 TIMER8_REMAP TIMERS8 remapping

This bit is set and cleared by software, it controls the mapping of the TIMER8_CHO
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and TIMER8_CH1 alternate function onto the GPIO ports
0: No remap (TIMER8_CHO on PA2 and TIMER8_CH1 on PA3)
1: Remap (PF6) (TIMER8_CHO on PE5 and TIMER8_CH1 on PE6)

4:0 Reserved Must be kept at reset value.

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_
Reserved Reserved CPS_EN
RDY
r w
Bits Fields Descriptions
31:9 Reserved Must be kept at reset value.
8 CPS_RDY 1/0 compensation cell is ready or not. This bit is read-only.

0: I/0O compensation cell is not ready
1: 1/0O compensation cell is ready

71 Reserved Must be kept at reset value.

0 CPS_EN 1/0 compensation cell enable.
When the port output speed is more than 50 MHz, the user should enable the 1/0
compensation cell.
0: I/0O compensation cell is disabled
1: 1/0O compensation cell is enable
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9. Cyclic redundancy checks management unit (CRC)
9.1. Overview

A cyclic redundancy check (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 32 bit CRC code with fixed polynomial.

9.2. Characteristics

B 32-bit data input and 32-bit data output. Calculation period is 4 AHB clock cycles for 32-
bit input data size from data entered to the calculation result available.

B Free 8-bit register is unrelated to calculation and can be used for any other goals by any
other peripheral devices.

B Fixed polynomial: 0x4C11DB7
X32+X26+X23+X22+X1 6+X1 2+X1 1 +X1 0+X8+X7+X5+X4+X2+X+ 1

This 32-bit CRC polynomial is a common polynomial used in Ethernet.
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Figure 9-1. Block diagram of CRC calculation unit

Data Input

> — Input Data Register (32 bit)

|

CRC Management Unit
Fixed polynomial

0x4C11DB7
AHB
BUS
Interface
Data Output
——— [ — Output Data Register (32 bit)

Data Access

 CE— S 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 software setting the CRC_CTL
register, the new input raw data will be calculated based on the result of previous value
of CRC_DATA.

During CRC calculation AHB will not be hanged because of the existence of the 32-bit
input buffer.

B This module supplies an 8-bit free register CRC_FDATA.

CRC_FDATA is unrelated to the CRC calculation, any value you write in will be read out
at anytime.
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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. Written 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 1M 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.
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These bits are unrelated with CRC calculation. This byte can be used for any goal

by any other peripheral. The CRC_CTL register will take 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 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved ’ RST ‘
rs
Bits Fields Descriptions
31:1 Reserved Must be kept at reset value.
0 RST Set this bit can reset the CRC_DATA register to the value of OXFFFFFFFF then

automatically cleared itself to 0 by hardware. This bit will take no effect to
CRC_FDATA.

Software writes and reads.
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10.

10.1.

10.2.

Direct memory access controller (DMA)

Overview

The direct memory access (DMA) controller provides a hardware method of transferring data
between peripherals and/or memory without intervention from the CPU, thereby freeing up
bandwidth for other system functions. Data can be quickly moved by DMA between
peripherals and memory as well as memory and memory without any CPU actions. There are
12 channels in the DMA controller (7 for DMAO and 5 for DMA1). Each channel is dedicated
to manage memory access requests from one or more peripherals. An arbiter is implemented
inside to handle the priority among DMA requests.

The system bus is shared by the DMA controller and the Cortex®-M4 core. When the DMA
and the CPU are targeting the same destination, the DMA access may stop the CPU access
to the system bus for some bus cycles. Round-robin scheduling is implemented in the bus
matrix to ensure at least half of the system bus bandwidth for the CPU.

Characteristics

Programmable length of data to be transferred, max to 65536.

12 channels and each channel are configurable (7 for DMAO and 5 for DMA1).

AHB and APB peripherals, FLASH, SRAM can be accessed as source and destination.
Each channel is connected to fixed hardware DMA request.

Software DMA channel priority (low, medium, high, ultra high) and hardware DMA
channel priority (DMA channel 0 has the highest priority and DMA channel 6 has the
lowest priority).

Support independent 8, 16, 32-bit memory and peripheral transfer.

Support independent fixed and increasing address generation algorithm of memory and
peripheral.

Support circular transfer mode.

Support peripheral to memory, memory to peripheral, and memory to memory transfers.
One separate interrupt per channel with three types of event flags.

Support interrupt enable and clear.
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10.3. Block diagram
Figure 10-1. Block diagram of DMA
AHB slave
DMA interface
Configuration >
\ 4
) | Channel6
peri_req » v AHB master
'_ | Channel 2 <€ é > MAHB interface
peri_req :l A 4 % aster *ﬁ
) | channeln <€ < Port
peri_req' L] \ 4
. Channel 0 (
peri_req'
Memory control
state & counter >
management
Peripheral control = Arbiter
state & counter >
management 1
Transfer >
request
As shown in Figure 10-1. Block diagram of DMA, a DMA controller consists of four main
parts:
B DMA configuration through AHB slave interface
B Data transmission through two AHB master interfaces for memory access and peripheral
access
B An arbiter inside to manage multiple peripheral requests coming at the same time
B Channel management to control address/data selection and data counting
10.4. Function overview
10.4.1. DMA operation

Each DMA transfer consists of two operations, including the loading of data from the source
and the storage of the loaded data to the destination. The source and destination addresses
are computed by the DMA controller based on the programmed values in the
DMA_CHxPADDR, DMA_CHxMADDR, and DMA_CHXxCTL registers. The DMA_CHxCNT
register controls how many transfers to be transmitted on the channel. The PWIDTH and
MWIDTH bits in the DMA_CHXCTL register determine how many bytes to be transmitted in a
transfer.

Suppose DMA_CHXCNT is 4, and both PNAGA and MNAGA are set. The DMA transfer
operations for each combination of PWIDTH and MWIDTH are shown in the following Table
10-1. DMA transfer operation.
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Table 10-1. DMA transfer operation

Transfer size Transfer operations
Source | Destination Source Destination
1: Read B3B2B1B0[31:0] @0x0 1: Write B3B2B1B0[31:0] @0x0
32 bits 32 bits 2: Read B7B6B5B4[31:0] @0x4 2: Write B7TB6B5B4[31:0] @0x4
3: Read BBBAB9B8[31:0] @0x8 3: Write BBBAB9B8[31:0] @0x8
4: Read BFBEBDBC[31:0] @0xC  |4: Write BFBEBDBC[31:0] @0xC
1: Read B3B2B1B0[31:0] @0x0 1: Write B1B0[7:0] @0x0
32 bits 16 bits 2: Read B7B6B5B4[31:0] @0x4 2: Write B5B4[7:0] @0x2
3: Read BBBAB9B8[31:0] @0x8 3: Write BOB8[7:0] @0x4
4: Read BFBEBDBC[31:0] @0xC  4: Write BDBCJ[7:0] @0x6
1: Read B3B2B1B0[31:0] @0x0 1: Write BO[7:0] @0x0
32 bits 8 bits 2: Read B7B6B5B4[31:0] @0x4 2: Write B4[7:0] @0x1
3: Read BBBAB9B8[31:0] @0x8 3: Write B8[7:0] @0x2
4: Read BFBEBDBC[31:0] @0xC  |4: Write BC[7:0] @0x3
1: Read B1B0[15:0] @0x0 1: Write 0000B1B0[31:0] @0x0
16 bits 32 bits 2: Read B3B2[15:0] @0x2 2: Write 0000B3B2[31:0] @0x4
3: Read B5B4[15:0] @0x4 3: Write 0000B5B4[31:0] @0x8
4: Read B7B6[15:0] @0x6 4: Write 0000B7B6[31:0] @0xC
1: Read B1B0[15:0] @0x0 1: Write B1B0[15:0] @0x0
16 bits 16 bits 2: Read B3B2[15:0] @0x2 2: Write B3B2[15:0] @0x2
3: Read B5B4[15:0] @0x4 3: Write B5B4[15:0] @0x4
4: Read B7B6[15:0] @0x6 4: Write B7B6[15:0] @0x6
1: Read B1B0[15:0] @0x0 1: Write BO[7:0] @0x0
16 bits 8 bits 2: Read B3B2[15:0] @0x2 2: Write B2[7:0] @0x1
3: Read B5B4[15:0] @0x4 3: Write B4[7:0] @0x2
4: Read B7B6[15:0] @0x6 4: Write B6[7:0] @0x3
1: Read BO[7:0] @0x0 1: Write 000000B0[31:0] @0x0
8 bits 32 bits 2: Read B1[7:0] @0x1 2: Write 000000B1[31:0] @0x4
3: Read B2[7:0] @0x2 3: Write 000000B2[31:0] @0x8
4: Read B3[7:0] @0x3 4: Write 000000B3[31:0] @0xC
1: Read BO[7:0] @0x0 1, Write 00B0[15:0] @0x0
8 bits 16 bits 2: Read B1[7:0] @0x1 2, Write 00B1[15:0] @0x2
3: Read B2[7:0] @0x2 3, Write 00B2[15:0] @0x4
4: Read B3[7:0] @0x3 4, Write 00B3[15:0] @0x6
1: Read BO[7:0] @0x0 1, Write BO[7:0] @0x0
8 bits 8 bits 2: Read B1[7:0] @0x1 2, Write B1[7:0] @0x1
3: Read B2[7:0] @0x2 3, Write B2[7:0] @0x2
4: Read B3[7:0] @0x3 4, Write B3[7:0] @0x3

The CNT bits in the DMA_CHXCNT register control how many data to be transmitted on the
channel and must be configured before enable the CHEN bit in the register. During the
transmission, the CNT bits indicate the remaining number of data items to be transferred.

The DMA transmission is disabled by clearing the CHEN bit in the DMA_CHXCTL register.

m [f the DMA transmission is not completed when the CHEN bit is cleared, two situations
may be occurred when restart this DMA channel:

- If no register configuration operations of the channel occurs before restart the DMA
channel, the DMA will continue to complete the rest of the transmission.

- If any register configuration operations occur, the DMA will restart a new
transmission.

B If the DMA transmission has been finished when clearing the CHEN bit, enable the DMA
channel without any register configuration operation will not launch any DMA transfer.
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10.4.2.

10.4.3.

10.4.4.

Peripheral handshake

To ensure a well-organized and efficient data transfer, a handshake mechanism is introduced
between the DMA and peripherals, including a request signal and a acknowledge signal:

B Request signal asserted by peripheral to DMA controller, indicating that the peripheral is
ready to transmit or receive data

B Acknowledge signal responded by DMA to peripheral, indicating that the DMA controller
has initiated an AHB command to access the peripheral

Figure 10-2. Handshake mechanism shows how the handshake mechanism works between

the DMA controller and peripherals.

Figure 10-2. Handshake mechanism

Peripheral is ready to transmit
or receive data, and assert the
request signal to DMA

Peripheral releases the
request signal when it receives Peripheral launches
the acknowledge signal the next request

Peripheral / } -
~~ i Peripheral
request Peripheral request 4/ request
Wait the DMA bus idle and The DMA controller deasserts
other higher priority channels the acknowledge signal when

to have been processed it receives low request signal
DMA i J

Acknowledge \T/ / X‘Q:"A acknowledge X/

The corresponding channel has
the highest priority and the DMA
controller sents an AHB command
to access the peripheral

Arbitration

When two or more requests are received at the same time, the arbiter determines which
request is served based on the priorities of channels. There are two-stage priorities, including
the software priority and the hardware priority. The arbiter determines which channel is
selected to respond according to the following priority rules:

B Software priority: Four levels, including low, medium, high and ultra high by configuring
the PRIO bits in the DMA_CHXCTL register.

B For channels with equal software priority level, priority is given to the channel with lower
channel number.

Address generation

Two kinds of address generation algorithm are implemented independently for memory and
peripheral, including the fixed mode and the increased mode. The PNAGA and MNAGA bit
in the DMA_CHXxCTL register are used to configure the next address generation algorithm of
peripheral and memory.

In the fixed mode, the next address is always equal to the base address configured in the
215



€

GigaDevice

GD32F30x User Manual

10.4.5.

10.4.6.

10.4.7.

10.4.8.

base address registers (DMA_CHxPADDR, DMA_CHxMADDR).

In the increasing mode, the next address is equal to the current address plus 1 or 2 or 4,
depending on the transfer data width.

Circular mode

Circular mode is implemented to handle continue peripheral requests (for example, ADC scan
mode). The circular mode is enabled by setting the CMEN bit in the DMA_CHxCTL register.

In circular mode, the CNT bits are automatically reloaded with the pre-programmed value and
the full transfer finish flag is asserted at the end of every DMA transfer. DMA can always
responds the peripheral request until the CHEN bit in the DMA_CHXCTL register is cleared.

Memory to memory mode

The memory to memory mode is enabled by setting the M2M bit in the DMA_CHXCTL register.
In this mode, the DMA channel can also work without being triggered by a request from a
peripheral. The DMA channel starts transferring as soon as it is enabled by setting the CHEN
bit in the DMA_CHXCTL register, and completed when the DMA_CHXCNT register reaches
zero.

Channel configuration

When starting a new DMA transfer, it is recommended to respect the following steps:

1. Read the CHEN bit and judge whether the channel is enabled or not. If the channel is
enabled, clear the CHEN bit by software. When the CHEN bit is read as ‘0’, configuring
and starting a new DMA transfer is allowed.

2. Configure the M2M bit and DIR bit in the DMA_CHXCTL register to set the transfer mode.

3. Configure the CMEN bit in the DMA_CHXxCTL register to enable/disable the circular
mode.

4. Configure the PRIO bits in the DMA_CHXxCTL register to set the channel software priority.

5. Configure the memory and peripheral transfer width, memory and peripheral address
generation algorithm in the DMA_CHXCTL register.

6. Configure the enable bit for full transfer finish interrupt, half transfer finish interrupt,
transfer error interrupt in the DMA_CHXCTL register.

7. Configure the DMA_CHxPADDR register for setting the peripheral base address.

8. Configure the DMA_CHxMADDR register for setting the memory base address.

9. Configure the DMA_CHXCNT register to set the total transfer data number.

10. Configure the CHEN bit with “1’ in the DMA_CHXCTL register to enable the channel.

Interrupt

Each DMA channel has a dedicated interrupt. There are three types of interrupt event,
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including full transfer finish, half transfer finish, and transfer error.
Each interrupt event has a dedicated flag bit in the DMA_INTF register, a dedicated clear bit
in the DMA_INTC register, and a dedicated enable bit in the DMA_CHxCTL register. The
relationship is described in the following Table 10-2. interrupt events.
Table 10-2. interrupt events
Flag bit Clear bit Enable bit
Interrupt event
DMA_INTF DMA_INTC DMA_CHxCTL
Full transfer finish FTFIF FTFIFC FTFIE
Half transfer finish HTFIF HTFIFC HTFIE
Transfer error ERRIF ERRIFC ERRIE
The DMA interrupt logic is shown in the Figure 10-3. DMA interrupt logic, an interrupt can
be produced when any type of interrupt event occurs and enabled on the channel.
Figure 10-3. DMA interrupt logic
FTFIFx—>]
and
FTFIExX—>,
>
HTFIFx—> \
and > Or CHXINTF—>
HTFIEx—>
x _/ N
ERRIFX—>
and
ERRIEx—>
NOTE: “x” indicates channel number (for DMAO, x=0...6. for DMA1, x=0...4).
10.4.9. DMA request mapping

Several requests from peripherals may be mapped to one DMA channel. They are logically
ORed before entering the DMA. For details, see the following Fiqure 10-4. DMAOQ request

mapping and Figure 10-5. DMA1 request mapping. The request of each peripheral can be

independently enabled or disabled by programming the registers of the corresponding
peripheral. The user has to ensure that only one request is enabled at a time on one channel.
Table 10-3. DMAOQ requests for each channel lists the support request from peripheral for

each channel of DMAQ, and Table 10-4. DMA1 requests for each channel lists the support

request from peripheral for each channel of DMA1.
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Figure 10-4. DMAO request mapping
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Table 10-3. DMAO requests for each channel

ADCO
TIMER1_CH2
TIMER3_CHO

SPI0_RX
USART2_TX
TIMERO_CHO
TIMERT_UP
TIMER2_CH2

SPI0_TX
USART2_RX
TIMERO_CH1
TIMER2_CH3
TIMERZ_UP

SPI1/12S1_RX
USARTO TX
[2C1_TX
TIMERQO_CH3
TIMERO_TG
TIMERO_CMT
TIMER3_CH1

SPI1/1281_TX
USARTO RX
12C1_RX
TIMERD_UP
TIMER1 CHO
TIMER3_CH2

USART1_RX
12C0_TX
TIMERO_CH2
TIMER2_CHO
TIMERZ_TG

USART1_TX
[2C0_RX
TIMERT_CH1
TIMER1_CH3
TIMER3_UP

Peripheral

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

TIMERO

TIMERO_CHO

TIMERO_CH1

TIMERO_CH3
TIMERO_TG
TIMERO_CMT

TIMERO_UP

TIMERO_CH2

TIMER1

TIMER1_CH2

TIMER1_UP

TIMER1_CHO

TIMER1_CH1
TIMER1_CH3

TIMER2

TIMER2_CH2

TIMER2_CH3
TIMER2_UP

TIMER2_CHO
TIMER2_TG

TIMERS3

TIMER3_CHO

TIMER3_CH1

TIMER3_CH2

TIMER3_UP

ADCO

ADCO
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Peripheral| Channel 0 Channel 1 Channel 2 Channel3 | Channel4 | Channel5 | Channel 6
SPI/I2S ° SPI0O_RX SPIO_TX [SPI1/I2S1_RX|SPI1/12S1_TX °
USART ° USART2_TX | USART2_RX | USARTO_TX | USARTO0_RX | USART1_RX | USART1_TX
12C . o o 12C1_TX [2C1_RX 12C0_TX I2C0_RX
Figure 10-5. DMA1 request mapping
Hardware
priority SPI2/12S82_RX
TIMER4_CH3
: TIMER4_TG
high Channel 0 or \Or TIMER7 CH2
TIMER7_UP
M2M
SPI2/1252_TX
TIMER4_CH2
or TIMERY CH3
Channel 1 or TIMERT TG
M2M TIMER7_CMT
UART3_RX
or "DAG. CHO
Ghanngl 2 or ( \ TIMER7_CHO0
M2M
SDIO
or
Channel 3 or ( \ DAC. GH1
M2M
ADC2
or UART3_TX
TIMER4_CHO
v Channel 4 or ( \ TIMER7_CH1
low M2M

Table 10-4. DMA1 requests for each channel

Peripherall| Channel 0 | Channel1 | Channel 2 | Channel 3 | Channel 4
TIMER4_CH3|TIMER4_CH2
TIMER4 . TIMER4_CH1|TIMER4_CHO
TIMER4_TG | TIMER4_UP
TIMER5 ° . TIMER5_UP °
TIMERG ° . ° TIMER6_UP
TIMER7_CH3
TIMER7_CH2
TIMER7 TIMER7_TG |TIMER7_CHO ° TIMER7_CH1
TIMER7_UP
TIMER7_CMT
ADC2 ° ° ° ° ADC2
DAC ° . DAC_CHO DAC_CH1 .
SPI/I2S [SPI2/12S2_RX|SPI2/12S2_TX . ° °
USART o . UART3_RX . UART3_TX
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Peripheral

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

SDIO

SDIO
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10.5. Register definition

DMAO base address: 0x4002 0000
DMA1 base address: 0x4002 0400
Note: For DMA1 having 5 channels, all bits related to channel 5 and channel 6 in the following

registers are not suitable for DMA1.

10.5.1. Interrupt flag register (DMA_INTF)

Address offset: 0x00
Reset value: 0x0000 0000

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

‘ Reserved ‘ ERRIF6 ‘ HTFIF6 ‘ FTFIF6 ‘ GIF6 ‘ ERRIF5 ‘ HTFIF5 ‘ FTFIF5 ‘ GIF5 ‘ ERRIF4 ’ HTFIF4 ‘ FTFIF4 ‘ GIF4 ‘
r r r r r r r r r r r r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

‘ ERRIF3 ‘ HTFIF3 ‘ FTFIF3 ‘ GIF3 ‘ ERRIF2 ‘ HTFIF2 ‘ FTFIF2 ‘ GIF2 ‘ ERRIF1 ‘ HTFIF1 ‘ FTFIF1 ‘ GIF1 ‘ ERRIFO ’ HTFIFO ‘ FTFIFO ‘ GIFO ‘

r r r r r r r r r r r r r r r r

Bits Fields Descriptions

31:28 Reserved Must be kept at reset value.

27/23/19/ ERRIFx Error flag of channel x (x=0...6)

15/11/7/3 Hardware set and software cleared by configuring DMA_INTC register.

0: Transfer error has not occurred on channel x

1: Transfer error has occurred on channel x

26/22/18/ HTFIFx Half transfer finish flag of channel x (x=0...6)
14/10/6/2 Hardware set and software cleared by configuring DMA_INTC register.
0: Half number of transfer has not finished on channel x

1: Half number of transfer has finished on channel x

2512117/ FTFIFx Full Transfer finish flag of channel x (x=0...6)

13/9/5/1 Hardware set and software cleared by configuring DMA_INTC register.
0: Transfer has not finished on channel x
1: Transfer has finished on channel x

24/20/16/ GIFx Global interrupt flag of channel x (x=0...6)

12/8/4/0 Hardware set and software cleared by configuring DMA_INTC register.
0: None of ERRIF, HTFIF or FTFIF occurs on channel x
1: At least one of ERRIF, HTFIF or FTFIF occurs on channel x
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10.5.2. Interrupt flag clear register (DMA_INTC)
Address offset: 0x04
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ERRIFCG‘ HTFIFC6 ‘ FTFIFC6 ‘ GIFC6 ‘ERRIFCS‘ HTFIFC5 ‘ FTFIFC5 ‘ GIFC5 ‘ERRIFC4‘ HTFIFC4 ‘ FTFIFC4 ‘ GIFC4 ‘
w w w w w w w w w w w w
15 14 13 12 1M 10 9 8 7 6 5 4 3 2 1 0

‘ERRIFC3 ‘ HTFIFC3 ‘ FTFIFC3 ‘ GIFC3 ‘ERRIFC2‘ HTFIC2 ‘ FTFIFC2 ‘ GIFC2 ‘ERRIFC1 ‘ HTFIFC1 ‘ FTFIFC1 ‘ GIFC1 ‘ERRIFCO‘ HTFIFCO ‘ FTFIFCO ‘ GIFCO ‘

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27/23/19/ ERRIFCx Clear bit for error flag of channel x (x=0...6)
15/11/7/3 0: No effect
1: Clear error flag
26/22/18/ HTFIFCx Clear bit for half transfer finish flag of channel x (x=0...6)
14/10/6/2 0: No effect
1: Clear half transfer finish flag
25/21/17/ FTFIFCx Clear bit for full transfer finish flag of channel x (x=0...6)
13/9/5/1 0: No effect
1: Clear full transfer finish flag
24/20/16/ GIFCx Clear global interrupt flag of channel x (x=0...6)
12/8/4/0 0: No effect
1: Clear GIFx, ERRIFx, HTFIFx and FTFIFx bits in the DMA_INTF register
10.5.3. Channel x control register (DMA_CHxCTL)
x = 0...6, where x is a channel number
Address offset: 0x08 + 0x14 x x
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Reserved M2M ‘ PRIO[1:0] MWIDTHI[1:0] PWIDTHI[1:0] ‘ MNAGA ‘ PNAGA ’ CMEN ‘ DIR ’ ERRIE ‘ HTFIE ’ FTFIE ‘ CHEN ‘
w w w w w w w w w w w w
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Bits

Fields

Descriptions

31:15

14

13:12

11:10

9:8

Reserved

M2M

PRIO[1:0]

MWIDTHI[1:0]

PWIDTH[1:0]

MNAGA

PNAGA

Must be kept at reset value.

Memory to Memory Mode

Software set and cleared

0: Disable Memory to Memory Mode

1: Enable Memory to Memory mode

This bit can not be written when CHEN is ‘1°.

Priority level

Software set and cleared
00: Low

01: Medium

10: High

11: Ultra high

These bits can not be written when CHEN is ‘1.

Transfer data size of memory

Software set and cleared

00: 8-bit

01: 16-bit

10: 32-bit

11: Reserved

These bits can not be written when CHEN is ‘1°.

Transfer data size of peripheral
Software set and cleared

00: 8-bit

01: 16-bit

10: 32-bit

11: Reserved

These bits can not be written when CHEN is ‘1.

Next address generation algorithm of memory
Software set and cleared

0: Fixed address mode

1: Increasing address mode

This bit can not be written when CHEN is ‘1°.

Next address generation algorithm of peripheral
Software set and cleared

0: Fixed address mode

1: Increasing address mode

This bit can not be written when CHEN is “1°.
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5

10.5.4.

31

30

CMEN

DIR

ERRIE

HTFIE

FTFIE

CHEN

Circular mode enable

Software set and cleared

0: Disable circular mode

1: Enable circular mode

This bit can not be written when CHEN is ‘1°.

Transfer direction

Software set and cleared

0: Read from peripheral and write to memory
1: Read from memory and write to peripheral
This bit can not be written when CHEN is ‘1°.

Enable bit for channel error interrupt
Software set and cleared
0: Disable the channel error interrupt

1: Enable the channel error interrupt

Enable bit for channel half transfer finish interrupt
Software set and cleared

0:Disable channel half transfer finish interrupt
1:Enable channel half transfer finish interrupt

Enable bit for channel full transfer finish interrupt
Software set and cleared
0:Disable channel full transfer finish interrupt

1:Enable channel full transfer finish interrupt

Channel enable
Software set and cleared
0:Disable channel
1:Enable channel

Channel x counter register (DMA_CHXCNT)

x = 0...6, where x is a channel number

Address offset: Ox0C + 0x14 x x
Reset value: 0x0000 0000

29

28

27

26 25 24 23 22 21 20 19 18

17

Reserved

15

14

13

1"

10 9 8 7 6 5 4 3 2

CNT[15:0]

Bits

Fields

w

Descriptions
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31:16 Reserved Must be kept at reset value.
15:0 CNTI[15:0] Transfer counter
These bits can not be written when CHEN in the DMA_CHXCTL register is ‘1°.
This register indicates how many transfers remain. Once the channel is enabled, it
is read-only, and decreases after each DMA transfer. If the register is zero, no
transaction can be issued whether the channel is enabled or not. Once the
transmission of the channel is complete, the register can be reloaded automatically
by the previously programmed value if the channel is configured in circular mode.
10.5.5. Channel x peripheral base address register (DMA_CHxPADDR)
x = 0...6, where x is a channel number
Address offset: 0x10 + 0x14 x x
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PADDR[31:16]
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ PADDR[15:0]
w
Bits Fields Descriptions
31:0 PADDR[31:0] Peripheral base address
These bits can not be written when CHEN in the DMA_CHXCTL register is ‘1°.
When PWIDTH is 01 (16-bit), the LSB of these bits is ignored. Access is
automatically aligned to a half word address.
When PWIDTH is 10 (32-bit), the two LSBs of these bits are ignored. Access is
automatically aligned to a word address.
10.5.6. Channel x memory base address register (DMA_CHxMADDR)
x = 0...6, where x is a channel number
Address offset: 0x14 + 0x14 x x
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ MADDR[31:16]
w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ MADDR[15:0]
w
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GigaDevice
Bits Fields Descriptions
31:0 MADDR[31:0] Memory base address

These bits can not be written when CHEN in the DMA_CHXxCTL register is ‘1'.
When MWIDTH in the DMA_CHXCTL register is 01 (16-bit), the LSB of these bits is
ignored. Access is automatically aligned to a half word address.

When MWIDTH in the DMA_CHXCTL register is 10 (32-bit), the two LSBs of these

bits are ignored. Access is automatically aligned to a word address.
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11. Debug (DBG)
11.1. Introduction
The GD32F30x series provide a large variety of debug, trace and test features. They are
implemented with a standard configuration of the Arm® CoreSightTM module together with a
daisy chained standard TAP controller. Debug and trace functions are integrated into the
Arm® Cortex®-M4. The debug system supports serial wire debug (SWD) and trace functions
in addition to standard JTAG debug. The debug and trace functions refer to the following
documents:
B Cortex-M4 Technical Reference Manual
B Arm® Debug Interface v5 Architecture Specification
The DBG hold unit helps debugger to debug power saving mode, TIMER, 12C, WWDGT,
FWDGT and CAN. When corresponding bit is set, provide clock when in power saving mode
or hold the state for TIMER, WWDGT, FWDGT, 12C or CAN.
11.2. JTAG/SW function description
Debug capabilities can be accessed by a debug tool via Serial Wire (SW - Debug Port) or
JTAG interface (JTAG - Debug Port).
11.21. Switch JTAG or SW interface
By default, the JTAG interface is active. The sequence for switching from JTAG to SWD is:
B Send 50 or more TCK cycles with TMS = 1.
B Send the 16-bit sequence on TMS = 1110011110011110 (OXxE79E LSB first).
B Send 50 or more TCK cycles with TMS = 1.
The sequence for switching from SWD to JTAG is:
B Send 50 or more TCK cycles with TMS = 1.
B Send the 16-bit sequence on TMS = 1110011100111100 (OXE73C LSB first).
B Send 50 or more TCK cycles with TMS = 1.
11.2.2. Pin assignment

The JTAG interface provides 5-pin standard JTAG, known as JTAG clock (JTCK), JTAG mode
selection (JTMS), JTAG data input (JTDI), JTAG data output (JTDO) and JTAG reset
(NJTRST, active low). The serial wire debug (SWD) provide 2-pin SW interface, known as
SW data input/output (SWDIO) and SW clock (SWCLK). The two SW pin are multiplexed with
two of five JTAG pin, which is SWDIO multiplexed with JTMS, SWCLK multiplexed with JTCK.
The JTDO is also used as Trace async data output (TRACESWO) when async trace enabled.
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Table 11-1. Pin assignment
Pin Debug interface
PA15 JTDI
PA14 JTCK/SWCLK
PA13 JTMS/SWDIO
PB4 NJTRST
PB3 JTDO
By default, 5-pin standard JTAG debug mode is chosen after reset. Users can also use JTAG
function without NJTRST pin, then the PB4 can be used to other GPIO functions. (NJTRST
tied to 1 by hardware). If switch to SW debug mode, the PA15/PB4/PB3 are released to other
GPIO functions. If JTAG and SW not used, all 5-pin can be released to other GPIO functions.
Please refer to JTAG/SWD alternate function remapping.
11.2.3. JTAG daisy chained structure
The Cortex-M4 JTAG TAP is connected to a Boundary-Scan (BSD) JTAG TAP. The BSD JTAG
IR is 5-bit width, while the Cortec-M4 JTAG IR is 4-bit width. So when JTAG in IR shift step,
it first shift 5-bit BYPASS instruction (5’b 11111) for BSD JTAG, and then shift normal 4-bit
instruction for Cortext-M4 JTAG. Because of the data shift under BSD JTAG BYPASS mode,
adding 1 extra bit to the data chain is needed.
The BSD JTAG IDCODE is 0x790007A3.
11.2.4. Debug reset
The JTAG-DP and SW-DP register are in the power on reset domain. The System reset
initializes the majority of the Cortex-M4, excluding NVIC and debug logic, (FPB, DWT, and
ITM). The NJTRST reset can reset JTAG TAP controller only. So, it can perform debug feature
under system reset. Such as, halt-after-reset, which is the debugger sets halt under system
reset, and the core halts immediately after the system reset is released.
11.2.5. JEDEC-106 ID code
The Cortex-M4 integrates JEDEC-106 ID code, which is located in ROM table and mapped
on the address of 0OXEOOFF000_OxEOOFFFFF.
11.3. Debug hold function description
11.3.1. Debug support for power saving mode

When STB_HOLD bit in DBG control register 0 (DBG_CTLO) is set and entering the standby
mode, the clock of AHB bus and system clock are provided by CK_IRC8M, and the debugger
can debug in standby mode. When exit the standby mode, a system reset generated.

When DSLP_HOLD bit in DBG control register 0 (DBG_CTLO) is set and entering the Deep-

sleep mode, the clock of AHB bus and system clock are provided by CK_IRC8M, and the
228



€

GigaDevice GD32F30x User Manual
debugger can debug in Deep-sleep mode.
When SLP_HOLD bit in DBG control register 0 (DBG_CTLO) is set and entering the sleep
mode, the clock of AHB bus for CPU is not closed, and the debugger can debug in sleep
mode.

11.3.2. Debug support for TIMER, 12C, WWDGT, FWDGT and CAN

When the core halted and the corresponding bit in DBG control register 1 (DBG_CTLO) is set,
the following behaved.

For TIMER, the timer counters stopped and hold for debug.
For 12C, SMBUS timeout hold for debug.
For WWDGT or FWDGT, the counter clock stopped for debug.

For CAN, the receive register stopped counting for debug.
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GigaDevice
11.4. DBG registers
DEBUG base address: 0xE0042000U
11.4.1. ID code register (DBG_ID)
Address: 0xE004 2000
Read only
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
‘ ID_CODE[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ID_CODE[15:0] ‘
r
Bits Fields Descriptions
31:0 ID_CODEJ[31:0] DBG ID code register
These bits read by software, These bits are unchanged constant
11.4.2. Control register 0 (DBG_CTLO)
Address offset: 0x04
Reset value: 0x0000 0000; power reset only
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
TIMER10_| TIMER9_ | TIMERS_ [TIMER13_|TIMER12_[TIMER11_| CAN1_HO| TIMER6_ | TIMER5_ | TIMER4_ | TIMER7_ [12C1_HOL
Reserved. Reserved
HOLD HOLD HOLD HOLD HOLD HOLD LD HOLD HOLD HOLD HOLD D
w w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
12C0_HOL|CANO_HO| TIMER3_ | TIMER2_ | TIMER1_ | TIMERO_ [WWDGT_| FWDGT_ TRACE STB_ | DSLP_ | SLP_
Reserved Reserved
D LD HOLD HOLD HOLD HOLD HOLD HOLD _IOEN HOLD HOLD HOLD
w w w w w w w w w w w w
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 TIMER10_HOLD TIMER 10 hold bit
This bit is set and reset by software
0: no effect
1: hold the TIMER 10 counter for debug when core halted
29 TIMER9_HOLD TIMER 9 hold bit
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28

27

26

25

24:22

21

20

19

18

17

TIMER8_HOLD

TIMER13_HOLD

TIMER12_HOLD

TIMER11_HOLD

Reserved

CAN1_HOLD

TIMER6_HOLD

TIMERS_HOLD

TIMER4_HOLD

TIMER7_HOLD

This bit is set and reset by software
0: no effect
1: hold the TIMER 9 counter for debug when core halted

TIMER 8 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 8 counter for debug when core halted

TIMER 13 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 13 counter for debug when core halted

TIMER 12 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 12 counter for debug when core halted

TIMER 11 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 11 counter for debug when core halted

Must be kept at reset value

CAN1 hold bit
This bit is set and reset by software
0: no effect

1: the receive register of CAN1 stops receiving data when core halted

TIMERS hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER®G counter for debug when core halted

TIMERS hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMERS5 counter for debug when core halted

TIMER4 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER4 counter for debug when core halted

TIMER? hold bit
This bit is set and reset by software
0: no effect
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16

15

14

13

12

11

10

7:6

[2C1_HOLD

12C0_HOLD

CANO_HOLD

TIMER3_HOLD

TIMER2_HOLD

TIMER1_HOLD

TIMERO_HOLD

WWDGT_HOLD

FWDGT_HOLD

Reserved

1: hold the TIMER?Y counter for debug when core halted

I12C1 hold bit

This bit is set and reset by software

0: no effect

1: hold the 12C1 SMBUS timeout for debug when core halted

12C0 hold bit

This bit is set and reset by software

0: no effect

1: hold the 12C0 SMBUS timeout for debug when core halted

CANO hold bit
This bit is set and reset by software
0: no effect

1: the receive register of CANO stops receiving data when core halted

TIMER 3 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 3 counter for debug when core halted

TIMER 2 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 2 counter for debug when core halted

TIMER 1 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 1 counter for debug when core halted

TIMER 0 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER 0 counter for debug when core halted

WWDGT hold bit

This bit is set and reset by software

0: no effect

1: hold the WWDGT counter clock for debug when core halted

FWDGT hold bit

This bit is set and reset by software

0: no effect

1: hold the FWDGT counter clock for debug when core halted

Must be kept at reset value
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5

4:3

TRACE_ICEN

Reserved

STB_HOLD

DSLP_HOLD

SLP_HOLD

Trace pin allocation enable
This bit is set and reset by software
0: Trace pin allocation disable

1: Trace pin allocation enable
Must be kept at reset value

Standby mode hold register

This bit is set and reset by software

0: no effect

1: At the standby mode, the clock of AHB bus and system clock are provided by

CK_IRC8M, a system reset generated when exit standby mode

Deep-sleep mode hold register

This bit is set and reset by software

0: no effect

1: At the Deep-sleep mode, the clock of AHB bus and system clock are provided
by CK_IRC8M

Sleep mode hold register
This bit is set and reset by software
0: no effect

1: At the sleep mode, the clock of AHB is on.
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12.

12.1.

12.2.

Analog-to-digital converter (ADC)

Overview

A 12-bit successive approximation analog-to-digital converter module(ADC) is integrated on
the MCU chip, which can sample analog signals from 16 external channels and 2 internal
channels. The 18 ADC sampling channels all support a variety of operation modes. After
sampling and conversion, the conversion results can be stored in the corresponding data
registers according to the least significant bit alignment or the most significant bit alignment.
An on-chip hardware oversample scheme improves performances and reduces the
computational burden of MCU.

Characteristics

High performance.

- ADC sampling rsolution:12-bit, 10-bit, 8-bit or 6-bit.

- Foreground calibration function.

- Programmable sampling time.

- Data storage mode: the most significant bit and the least significant bit.
- DMA support.

Analog input channels.

- 16 external analog inputs.

- 1 channel for internal temperature sensor (Vsense).

- 1 channel for internal reference voltage (VrerinT).
Start-of-conversion can be initiated.

- By software.

- By hardware triggers.

Operation modes.

- Converts a single channel or scans a sequence of channels.

- Single operation mode converts selected inputs once per trigger.
- Continuous operation mode converts selected inputs continuously.
- Discontinuous operation mode.

- SYNC mode (the device with two or more ADCs).

Conversion result threshold monitor function: analog watchdog.
Interrupt generation.

- At the end of routine conversions.

- Analog watchdog event.
Oversampler.

- 16-bit data register.

- Oversampling rate adjustable from 2 to 256x.

- Programmable data shift up to 8-bit.
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12.3.

B Module supply requirements: 2.6V to 3.6V, and typical power supply voltage is 3.3V.

B Channel input voltage range: Vrern <ViN SVRerr.

Pins and internal signals

Figure 12-1. ADC module block diagram shows the ADC block diagram. Table 12-1. ADC

internal input signals and Table 12-2. ADC input pins definition gives the ADC pin

description.

Table 12-1. ADC internal input signals

Internal signal name Description
VSENSE Internal temperature sensor output voltage
VREFINT Internal voltage reference output voltage
Table 12-2. ADC input pins definition
Name Description
Analog power supply equal to Vop and
VopA
26V <Vppa<3.6V
Vssa Ground for analog power supply equal to Vss
The positive reference voltage for the ADC, 2.6
VREFP
V < Vrerp < VbbA
The negative reference voltage for the
VREFN
ADC,VRrerN = Vssa
ADCx_IN[15:0] Up to 16 external analog channels

Note: Vbba and Vssa have to be connected to Vob and Vss, respectively.
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12.4. Functional overview

Figure 12-1. ADC module block diagram
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12.4.1. Foreground calibration function

During the foreground calibration procedure, the ADC calculates a calibration factor which is
internally applied to the ADC until the next ADC power-off. The application must not use the
ADC during calibration and must wait until it is completed. Calibration should be performed
before starting A/D conversion. The calibration is initiated by setting bit CLB=1. CLB bit stays
at 1 during all the calibration sequence. It is then cleared by hardware as soon as the
calibration is completed.

When the ADC operating conditions change (such as supply power voltage Vopa, positive
reference voltage Vrerp, temperature and so on), it is recommended to re-run a calibration
cycle.

The internal analog calibration can be reset by setting the RSTCLB bit in ADC_CTLA1 register.

Calibration software procedure:

1.  Ensure that ADCON=1.

2. Delay 14 CK_ADC to wait for ADC stability.
3. Set RSTCLB (optional).
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4. SetCLB=1.
5. Wait until CLB=0.

12.4.2. ADC clock
The CK_ADC clock is synchronous with the AHB and APB2 clock and provided by the clock
controller. ADC clock can be divided and configured by RCU controller.

12.4.3. ADC enable
The ADCON bit on the ADC_CTLA1 register is the enable switch of the ADC module. The ADC
module will keep in reset state if this bit is 0. For power saving, when this bit is reset, the
analog sub-module will be put into power off mode. After ADC is enabled, you need delay tsu
time for sampling, the value of tsu please refer to the chip datasheet.

12.4.4. Routine sequence
The channel management circuit can organize the sampling conversion channels into a
sequence: routine sequence. The routine sequence supports up to 16 channels, and each
channel is called routine channel.
The RL[3:0] bits in the ADC_RSQO register specify the total conversion sequence length. The
ADC_RSQO0~ADC_RSQ2 registers specify the selected channels of the routine sequence .
Note: Although the ADC supports 18 multiplexed channels, the maximum length of the
sequence is only 16.

12.4.5. Operation modes

Single operation mode

In the single operation mode, the ADC performs conversion on the channel specified in the
RSQO[4:0] bits of ADC_RSQ2 at a routine trigger. When the ADCON has been set high, the
ADC samples and converts a single channel, once the corresponding software trigger or
external trigger is active.

Figure 12-2. Single operation mode

[Jon| [[oae| [[ae| [[ae| []|om]

we 7 ] L] o
- . . . . [T conr

After conversion of a single routine channel, the conversion data will be stored in the
ADC_RDATA register, the EOC will be set. An interrupt will be generated if the EOCIE bit is
set.

Software procedure for single operation mode of a routine channel:
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1. Make sure the DISRC, SM in the ADC_CTLO register and CTN bit in the ADC_CTLA1
register are reset.

Configure RSQO with the analog channel number.

Configure ADC_SAMPTX register.

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need.

Set the SWRCST bit, or generate an external trigger for the routine sequence.

Wait the EOC flag to be set.

After a delay of one CK_ADC, read the converted data in the ADC_RDATA register.
Clear the EOC flag by writing 0 to it.

S S Ll

Note: After EOC is set, a delay of one CK_ADC is required before reading the ADC
conversion result.

Continuous operation mode

The continuous operation mode will be enabled when CTN bit in the ADC_CTL1 register is
set. In this mode, the ADC performs conversion on the channel specified in the RSQO0[4:0].
When the ADCON has been set high, the ADC samples and converts specified channel, once
the corresponding software trigger or external trigger is active. The conversion data will be
stored in the ADC_RDATA register.

Figure 12-3. Continuous operation mode
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Software procedure for continuous operation on a routine channel:

Set the CTN bit in the ADC_CTLA1 register.

Configure RSQO with the analog channel number.

Configure ADC_SAMPTX register.

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need.

Set the SWRCST bit, or generate an external trigger for the routine sequence.

Wait the EOC flag to be set.

After a delay of one CK_ADC, read the converted data in the ADC_RDATA register.
Clear the EOC flag by writing 0 to it.

Repeat steps 6~8 as soon as the conversion is in need.

© ©NOo O wNh =

Note: After EOC is set, a delay of one CK_ADC is required before reading the ADC
conversion result.

To get rid of checking, DMA can be used to transfer the converted data:

Set the CTN and DMA bit in the ADC_CTL1 register.

Configure RSQO with the analog channel number.

Configure ADC_SAMPTX register.

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need.

OO N -~
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5. Prepare the DMA module to transfer data from the ADC_RDATA.
6. Setthe SWRCST bit, or generate an external trigger for the routine sequence.

Scan operation mode

The scan operation mode will be enabled when SM bit in the ADC_CTLO register is set. In
this mode, the ADC performs conversion on all channels with a specific routine sequence
specified in the ADC_RSQO0~ADC_RSQ2 registers. When the ADCON has been set high, the
ADC samples and converts specified channels one by one in the routine sequence till the end
of the sequence, once the corresponding software trigger or external trigger is active. The
conversion data will be stored in the ADC_RDATA register. After conversion of the routine
sequence, the EOC will be set. An interrupt will be generated if the EOCIE bit is set. The DMA
bit in ADC_CTLA1 register must be set when the routine sequence works in scan mode.

After conversion of a routine sequence, the conversion can be restarted automatically if the
CTN bit in the ADC_CTLA1 register is set.

Figure 12-4. Scan operation mode, continuous disable
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Routine J |_|

trigger

EOC |_|

One circle of routine sequence, RL=7 1

Software procedure for scan operation mode on a routine sequence:

Set the SM bit in the ADC_CTLO register and the DMA bit in the ADC_CTL1 register.
Configure ADC_RSQx and ADC_SAMPTX registers.

Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need.

Prepare the DMA module to transfer data from the ADC_RDATA.

Set the SWRCST bit, or generate an external trigger for the routine sequence.

Wait the EOC flag to be set.

Clear the EOC flag by writing 0 to it.

No ok wDdhd =

Figure 12-5. Scan operation mode, continuous enable

| |CH2| |CH1| |CH5| |CH7| |c1—m| |CH2| |CH1| |CH5| |CH7| |CHII| |CH2| o
Routine
trigger
HOW circle of routine sequence, RL#H

Discontinuous operation mode

The discontinuous operation mode will be enabled when DISRC bit in the ADC_CTLO register
is set. In this mode, the ADC performs a short sequence of n conversions (n does not exceed

8) which is a part of the conversions selected in the ADC_RSQO0~ADC_RSQ2 registers. The
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value of n is configured by the DISNUM[2:0] bits in the ADC_CTLO register. When the
corresponding software trigger or external trigger is active, the ADC samples and converts
the next n channels configured in the ADC_RSQO0~ADC_RSQ2 registers until all the channels
of routine sequence are done. The EOC will be set after every circle of the routine sequence.
An interrupt will be generated if the EOCIE bit is set.

Figure 12-6. Discontinuous operation mode
[Toe[Jan[Tes| [Jov[Jen]Jans] [Jem]Jeuwr] [Jae]Jan[Jens] -
| 1 I 1
Boc 1
I_One circle of routine sequence, RL=7, DISNUM:2H
I:I Convert I:I Sample
Software procedure for discontinuous operation mode on a routine sequence:
1. Setthe DISRC bitin the ADC_CTLO register and the DMA bit in the ADC_CTLA1 register.
2. Configure DISNUM[2:0] bits in the ADC_CTLO register.
3. Configure ADC_RSQx and ADC_SAMPTXx registers.
4. Configure ETERC and ETSRC bits in the ADC_CTL1 register if in need.
5. Prepare the DMA module to transfer data from the ADC_RDATA (refer to the spec of the
DMA module).
6. Setthe SWRCST bit, or generate an external trigger for the routine sequence.
7. Repeat step6 if in need.
8. Wait the EOC flag to be set.
9. Clear the EOC flag by writing 0 to it.

12.4.6. Conversion result threshold monitor function
The analog watchdog is enabled when the RWDEN bit in the ADC_CTLO register is set for
routine sequence. This function is used to monitor whether the conversion result exceeds the
set thresholds, and the WDE bit in ADC_STAT register will be set. An interrupt will be
generated if the WDEIE bit is set. The ADC_WDHT and ADC_WDLT registers are used to
specify the high and low threshold. The comparison is done before the alignment, so the
threshold values are independent of the alignment, which is specified by the DAL bit in the
ADC_CTLA1 register. One or more channels, which are select by the RWDEN, WDSC and
WDCHSEL[4:0] bits in ADC_CTLO register, can be monitored by the analog watchdog.

12.4.7. Data storage mode

The alignment of data stored after conversion can be specified by DAL bit in the ADC_CTLA1
register.
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Figure 12-7. 12-bit Data storage mode
Routine channel data
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Routine channel data
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DAL=1
6-bit resolution data alignment is different from 12-bit/10-bit/8-bit resolution data alignment,
shown as Figure 12-8. 6-bit Data storage mode.
Figure 12-8. 6-bit Data storage mode
Routine channel data
(o oo o o oo o] o] o]ms|oe]os]n2]mi]o0]
DAL=0
Routine channel data
(o oo o o o oo os]os]m|m|oi|m]o]o]
DAL=1
12.4.8. Sample time configuration
The number of CK_ADC cycles which is used to sample the input voltage can be specified
by the SPTn[2:0] bits in the ADC_SAMPTO and ADC_SAMPT1 registers. A different sample
time can be specified for each channel. For 12-bits resolution, the total sampling and
conversion time is “sampling time + 12.5” CK_ADC cycles.
Example:
CK_ADC = 30MHz and sample time is 1.5 cycles, the total conversion time is “1.5+12.5”
CK_ADC cycles, that means 0.467us.
12.4.9. External trigger configuration

The conversion of routine sequence can be triggered by rising edge of external trigger inputs.
The external trigger source of routine sequence is controlled by the ETSRC[2:0] bits in the
ADC_CTLA1 register.

Table 12-3. External trigger source for ADC0O and ADC1

ETSRC[2:0] Trigger Source Trigger Type
000 TIMERO_CHO
001 TIMERO_CH1
Hardware trigger
010 TIMERO_CH2
011 TIMER1_CH!1

241



€

GigaDevice GD32F30x User Manual
ETSRC[2:0] Trigger Source Trigger Type
100 TIMER2_TRGO
101 TIMER3_CH3
110 EXTI11/
TIMER7_TRGO
111 SWRCST Software trigger
Table 12-4. External trigger source for ADC2
ETSRC[2:0] Trigger Source Trigger Type
000 TIMER2_CHO
001 TIMER1_CH2
010 TIMERO_CH2
011 TIMER7_CHO Hardware rigger
100 TIMER7_TRGO
101 TIMER4_CHO
110 TIMER4_CH2
111 SWRCST Software trigger
12.4.10. DMA request
The DMA request, which is enabled by the DMA bit of ADC_CTL1 register, is used to transfer
data of routine sequence for conversion of more than one channel. The ADC generates a
DMA request at the end of conversion of a routine channel. When this request is received,
the DMA will transfer the converted data from the ADC_RDATA register to the destination
location which is specified by the user.
12.4.11. ADC internal channels

When the TSVREN bit of ADC_CTL1 register is set, the temperature sensor channel
(ADCO_CH16) and Vrerint channel (ADCO_CH17) is enabled. The temperature sensor can
be used to measure the ambient temperature of the device. The sensor output voltage can
be converted into a digital value by ADC. The sampling time for the temperature sensor is
recommended to be set to at least ts_temp US (please refer to the datasheet). When this sensor
is not in use, it can be put in power down mode by resetting the TSVREN bit.

The output voltage of the temperature sensor changes linearly with temperature. Because
there is an offset, which is up to 45 °C and varies from chip to chip due to the chip production
process variation, the internal temperature sensor is more appropriate to detect temperature
variations instead of absolute temperature. When it is used to detect accurate temperature,
an external temperature sensor part should be used to calibrate the offset error.

The internal voltage reference (Vrerint) provides a stable (bandgap) voltage output for the
ADC and Comparators. VrernT is internally connected to the ADCO_CH17 input channel.

To use the temperature sensor:
1. Configure the conversion sequence (ADC_IN16) and the sampling time (ts_temp US)
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for the channel.
2. Enable the temperature sensor by setting the TSVREN bit in the ADC control
register 1 (ADC_CTLA1).
3. Start the ADC conversion by setting the ADCON bit or by the triggers.
4. Read the internal temperature sensor output voltage(Viemperature), and get the
temperature with the following equation:
Temperature (°C) = {(V25 — Viemperature) / Avg_Slope} + 25.
V2s: internal temperature sensor output voltage at 25°C, the typical value please
refer to the datasheet.
Avg_Slope: average slope for curve between temperature vs. internal temperature
sensor output voltage, the typical value please refer to the datasheet.
12.4.12. Programmable resolution (DRES)
The resolution is configured by programming the DRES[1:0] bits in the ADC_OVSAMPCTL
register. For applications that do not require high data accuracy, lower resolution allows faster
conversion time. The DRES[1:0] bits must only be changed when the ADCON bit is reset.
Lower resolution reduces the conversion time needed for the successive approximation steps
as shown in Table 12-5. tCONV timings depending on resolution.
Table 12-5. tconv timings depending on resolution
tconv tsmpL(min) tanc
DRES[1:0] tconv(ns) at tanc(ns) at
e (ADC clock e T (ADC clock | (ADC clock e T
cycles) cycles) cycles)
12 125 417 ns 15 14 467 ns
10 10.5 350 ns 1.5 12 400 ns
8.5 283 ns 1.5 10 333 ns
6 6.5 217 ns 1.5 8 267 ns
12.4.13. On-chip hardware oversampling

The on-chip hardware oversampling circuit performs data preprocessing to offload the CPU.
It can handle multiple conversions and average them into a single data with increased data
width, up to 16-bit. The on-chip hardware oversampling circuit is enabled by OVSEN bit in the
ADC_OVSAMPCTL register. It provides a result with the following form, where N and M can
be adjusted, and Dout(n) is the n-th output digital signal of the ADC:

Result = &+ NN=3 Doye (n) (12-1)
The on-chip hardware oversampling circuit performs the following functions: summing and bit
right shifting. The oversampling ratio N is defined by the OVSR[2:0] bits in the
ADC_OVSAMPCTL register. It can range from 2x to 256x. The division coefficient M means
bit right shifting up to 8-bit. It is configured through the OVSS[3:0] bits in the
ADC_OVSAMPCTL register.
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Summation units can produce up to 20 bits (256 x 12-bit), which is first shifted right. The upper
bits of the result are then truncated, keeping only the 16 least significant bits rounded to the
nearest value using the least significant bits left apart by the shifting, before being finally
transferred into the data register.

Figure 12-9. 20-bit to 16-bit result truncation

19 15 11 7 3 0
Raw 20-bit data
| |
| |
| |
| |
| |
| |
Shifting —_—>
| |
| |
| |
| |
| |
: 15 11 7 3 0 :

Truncation and
rounding

Note: If the intermediate result after the shifting exceeds 16 bits, the upper bits of the result
are simply truncated.

Figure 12-10. Numerical example with 5-bits shift and rounding shows a numerical

example of the processing, from a raw 20-bit accumulated data to the final 16-bit result.

Figure 12-10. Numerical example with 5-bits shift and rounding

19 15 1 7 3 0

Raw 20-bit data 2 A C D 6

15 1" 7 3 0

Final result after 5-bit shift and rounding
to nearest

The Table 12-6. Maximum output results vs N and M Grayed values indicates truncation

below gives the data format for the various N and M combination, for a raw conversion data
equal to OxFFF.

Table 12-6. Maximum output results vs N and M Grayed values indicates truncation
|Oversa| Max |No-shift| 1-bit | 2bit | 3-bit | 4-bit | 5bit | 6bit | 7-bit | 8-bit |
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mpling| Raw |OVSS=| shift shift shift shift shift shift shift shift

ratio data 0000 |[OVSS=|0OVSS=|0VSS=|0VSS=|0VSS=|0VSS=|0VSS=|0VSS=
0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000
2x | OXx1FFE |Ox1FFE |OxOFFF | 0xO7FF | OXO3FF | 0x01FF | 0OxOOFF | 0x007F | 0x003F | 0x001F
4x | 0x3FFC |0x3FFC|0x1FFE |0xOFFF | 0xO7FF | 0xO3FF | 0x01FF | 0xO0FF | 0x007F | 0xO03F
8x | OX7FF8 | 0x7FF8 |0x3FFC|0x1FFE | OxOFFF | 0xO7FF | 0OxO3FF | 0xO1FF | 0xO0FF | 0x007F
16x | OXFFFO |OxFFFO|0x7FF8|0x3FFC|0x1FFE|O0xOFFF | OxO7FF | 0XO3FF | 0x01FF | OXO0OFF
32x |0x1FFEOQ|0xFFEO | OXFFFO | 0x7FF8 |0x3FFC | 0x1FFE | 0XOFFF | 0xO7FF | 0xO3FF | 0x01FF
64x |0x3FFCO|0xFFCO |0xFFEQ | OxFFFO | 0x7FF8 |0x3FFC |0x1FFE | 0xOFFF | 0x07FF | OXO3FF
128x |0x7FF80|0xFF80 |0xFFCO|O0xFFEQ | OXFFFO | 0x7FF8 |0x3FFC | 0x1FFE | 0xOFFF | 0xO7FF
256x |0xFFFOO|0xFFO0O0 | 0xFF80 | 0xFFCO|O0xFFEQ | OXFFFO | 0x7FF8 | 0x3FFC|0x1FFE |0xOFFF

The conversion timings in oversampled mode do not change compared to standard
conversion mode: the sampling time remains equal throughout the oversampling sequence.
New data is supplied every N conversions, and the equivalent delay is equal to:

N*tapc=N*(tsmpL +tconv) (3-1)
12.5. ADC sync mode

In devices with more than one ADC, the ADC sync mode can be used. In ADC sync mode,
the conversion starts alternately or simultaneously triggered by ADCO to ADC1, according to
the sync mode configurated by the SYNCM[3:0] bits in ADC1_CTLO register.

In sync mode, when configure the conversion which is triggered by an external event, the
ADC1 must be configured as triggered by the software. However, the external trigger must
be enabled for ADCO and ADC1.

The following modes can be configured in Table 12-7. ADC sync mode table.

Table 12-7. ADC sync mode table

SYNCM]I3: 0] mode
0000 Free mode
0110 Routine parallel mode
0111 Routine follow-up fast mode
1000 Routine follow-up slow mode

In ADC sync mode, the DMA bit must be set even if it is not used; the converted data of ADC1
routine channel can be read from the ADCO data register.
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Figure 12-11. ADC sync block diagram
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12.5.1. Free mode
In this mode, each ADC works independently and does not interfere with each other.
12.5.2. Routine parallel mode

This mode converts the routine sequence simultaneously. The source of external trigger
comes from the ADCO routine sequence (configured by the ETSRC[2:0] bits in the ADC_CTLA1
register) , and ADC1 routine sequence is configured as software trigger mode.

At the end of conversion event on ADCO or ADC1, an EOC interrupt is generated (if enabled
on one of the two ADC interrupt) when the ADCO/ADC1 routine channels are all converted.
The behavior of routine parallel mode shows in the Figure 12-12. Routine parallel mode on

10 channels.

A 32-bit DMA is used, which transfers ADC_RDATA 32-bit register (the ADC_RDATA 32-bit
register containing the ADC1 converted data in the [31: 16] bits field and the ADCO converted
data in the [15: 0] bits field) to SRAM.

Note:

1. If two ADCs use the same sampling channel, it should be ensured that the channel is not
used at the same time.
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2. Two channels sampled by two ADCs at the same time should be configured with the same
sampling time.
Figure 12-12. Routine parallel mode on 10 channels
ADCO | |CHO| |CH1| |CH2| |CH3| | |CH8| |CH9| | |CHO| |CH1|
ADC1||CH4||CH5||CH6||CH7| | |CH12||CH13| | |CH4||CH5|
I?:i):;ig:a J |_| ,_l Sample
EOC |_| I:I Convert
12.5.3. Routine follow-up fast mode
The routine follow-up fast mode is applicable to sample the same channel of two ADCs. The
source of external trigger comes from the ADCO routine channel (selected by the ETSRC[2:0]
bits in the ADC_CTL1 register). When the trigger occurs, ADC1 runs immediately and ADCO
runs after 7 ADC clock cycles.
If the continuous mode is enabled for both ADCO and ADCA1, the selected routine channels of
two ADCs are continuously converted. The behavior of follow-up fast mode shows in the
Figure 12-13. Routine follow-up fast mode (the CTN bit of ADCs are set).
After an EOC interrupt is generated by ADCO in case of setting the EOCIE bit, we can use a
32-bit DMA, which transfers to SRAM the ADC_RDATA register containing the ADC1
converted data in the [31: 16] bits field and the ADCO converted data in the [15: 0] bits field.
Note: The sampling time of the routine channel of the two ADCs should be less than 7 ADC
clock cycles.
Figure 12-13. Routine follow-up fast mode (the CTN bit of ADCs are set)
7 CK_ADC cycles
ADCO | CH1 || CH1 || CH1 || CH1 |
ADC | CH1 || CH1 || CH1 || CH1 |
Routine
trigger J—I I:I Sample
EOC(ADCO) H H H H
Convert
- T 00 [T come
12.5.4. Routine follow-up slow mode

The routine follow-up slow mode is applicable to sample the same channel of two ADCs. The
source of external trigger comes from the ADCO routine channel (selected by the ETSRC[2:0]
bits in the ADC_CTLA1 register). When the trigger occurs, ADC1 runs immediately, ADCO runs
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after 14 ADC clock cycles, after the second 14 ADC clock cycles the ADC1 runs again.
Continuous mode can’t be used in this mode, because it continuously converts the routine
channel. The behavior of follow-up slow mode shows in the Figure 12-14. Routine follow-
up slow mode.

After an EOC interrupt is generated by ADCO (if EOCIE bit is set), we can use a 32-bit DMA,
which transfers to SRAM the ADC_RDATA register containing the ADC1 converted data in
the [31: 16] bits field and the ADCO converted data in the [15: 0] bits field.
Note: The maximum sampling time allowed is <14 CK_ADC cycles to avoid the overlap
between ADCO and ADC1 sampling phases in the event that they convert the same channel.
Figure 12-14. Routine follow-up slow mode
14 CK_ADC 14 CK_ADC
cycles cycles
ADCO |C-I1|||CH1|||CH1 1] e |
ADC1
| CH1 | | CHA1 ||| CH1 ||| CH1 |
Routine
trigger J—I I:I Sample
EOC(ADCO ) H H H
I:I Convert
EOC(ADC1) H H J
12.6. ADC interrupts

The interrupt can be produced on one of the events:

B End of conversion for routine sequence.
B The analog watchdog event.
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12.7. ADC registers
ADCO base address: 0x4001 2400
ADC1 base address: 0x4001 2800
ADC2 base address: 0x4001 3C00
12.71. Status register (ADC_STAT)
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 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ STRC ‘ Reserved | EOC ‘ WDE ‘
rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
315 Reserved Must be kept at reset value.
4 STRC Start flag of routine sequence conversion
0: Conversion is not started
1: Conversion is started
Set by hardware when routine sequence conversion starts. Cleared by software
writing O to it.
3:2 Reserved Must be kept at reset value.
1 EOC End flag of routine sequence conversion
0: No end of routine sequence conversion
1: End ofroutine sequence conversion
Set by hardware at the end of a routine sequence conversion.
Cleared by software writing 0 to it or by reading the ADC_RDATA register.
0 WDE Analog watchdog event flag

0: Analog watchdog event is not happened

1: Analog watchdog event is happening

Set by hardware when the converted voltage crosses the values programmed in
the ADC_WDLT and ADC_WDHT registers. Cleared by software writing 0 to it.
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12.7.2. Control register 0 (ADC_CTLDO)
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 ‘ RWDEN ‘ Reserved ‘ SYNCMI[3:0]
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ DISNUMI[2:0] Reserved | DISRC |Reserved| WDSC ‘ SM Reserved | WDEIE ‘ EOCIE ‘ WDCHSEL[4:0]
w w w w w w w w w w
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23 RWDEN Routine channel analog watchdog enable
0: Analog watchdog disable
1: Analog watchdog enable
22:20 Reserved Must be kept at reset value.
19:16 SYNCM[3:0] Sync mode selection
These bits use to select the operating mode.
0000: Free mode.
0001~0101: Reserved
0110: Routine parallel mode
0111: Routine follow-up fast mode
1000: Routine follow-up slow mode
1001~1111: Reserved
Note: 1) These bits are only used in ADCO. 2) Users must disable sync mode
before any configuration change.
15:13 DISNUMI[2:0] Number of conversions in discontinuous mode
The number of channels to be converted after a trigger will be DISNUM+1 in
routine sequence.
12 Reserved Must be kept at reset value.
11 DISRC Discontinuous mode on routine sequence
0: Discontinuous operation mode disable
1: Discontinuous operation mode enable
10 Reserved Must be kept at reset value.
9 WDSC When in scan mode, analog watchdog is effective on a single channel

0: All channels have analog watchdog function
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4:0

12.7.3.

SM

Reserved

WDEIE

EOCIE

WDCHSEL[4:0]

1: A single channel has analog watchdog function

Scan mode
0: Scan operation mode disable
1: Scan operation mode enable

Must be kept at reset value.

Interrupt enable for WDE
0: Interrupt disable
1: Interrupt enable

Interrupt enable for EOC
0: Interrupt disable

1: Interrupt enable

Analog watchdog channel select

00000: ADC channel0

00001: ADC channel1

00010: ADC channel2

00011: ADC channel 3

00100: ADC channel 4

00101: ADC channel 5

00110: ADC channel 6

00111: ADC channel 7

01000: ADC channel 8

01001: ADC channel 9

01010: ADC channel 10

01011: ADC channel 11

01100: ADC channel 12

01101: ADC channel 13

01110: ADC channel 14

01111: ADC channel15

10000: ADC channel16

10001: ADC channel17

Other values are reserved.

Note: ADCO analog inputs Channel16 and Channel17 are internally connected to
the temperature sensor, and to VrerinT inputs. ADC1 analog inputs Channel16,
and Channel17 are internally connected to Vssa. ADC2 analog inputs Channel16,
and Channel17 are internally connected to Vssa.

Control register 1 (ADC_CTL1)

Address offset: 0x08
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 ITSVREN ISWRCST Reserved | ETERC | ETSRCI2:0] Reserved
w w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | DAL ‘ Reserved. ‘ DMA | Reserved | RSTCLB ‘ CLB | CTN ‘ ADCON ‘
w w w w w w
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23 TSVREN Channel 16 and 17 enable of ADCO.

0: Channel 16 and 17 of ADCO disable
1: Channel 16 and 17 of ADCO enable

22 SWRCST Software start conversion of routine sequence
Set 1 on this bit starts a conversion of a routine sequence if ETSRC is 111. Itis
set by software and cleared by software or by hardware immediately after the

conversion starts.
21 Reserved Must be kept at reset value.

20 ETERC External trigger enable for routine sequence
0: External trigger for routine sequence disable
1: External trigger for routine sequence enable

19:17 ETSRCJ[2:0] External trigger select for routine sequence
For ADCO and ADC1:
000: Timer 0 CHO
001: Timer 0 CH1
010: Timer 0 CH2
011: Timer 1 CH1
100: Timer 2 TRGO
101: Timer 3 CH3
110: EXTl line 11/ Timer 7 TRGO
111: SWRCST
For ADC2:
000: Timer 2 CHO
001: Timer 1 CH2
010: Timer 0 CH2
011: Timer 7 CHO
100: Timer 7 TRGO
101: Timer 4 CHO
110: Timer 4 CH2
111: SWRCST
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16:12 Reserved Must be kept at reset value

11 DAL Data alignment
0: LSB alignment
1: MSB alignment

10:9 Reserved Must be kept at reset value.

8 DMA DMA request enable.
0: DMA request disable
1: DMA request enable

74 Reserved Must be kept at reset value.

3 RSTCLB Reset calibration
This bit is set by software and cleared by hardware after the calibration registers
are initialized.
0: Calibration register initialize done.
1: Initialize calibration register start

2 CLB ADC calibration
0: Calibration done
1: Calibration start

1 CTN Continuous mode
0: Continuous operation mode disable
1: Continuous operation mode enable

0 ADCON ADC ON. The ADC will be wake up when this bit is changed from low to high and
take a stabilization time. When this bit is high and “1” is written to it with other bits
of this register unchanged, the conversion will start.

0: ADC disable and power down
1: ADC enable

12.7.4. Sample time register 0 (ADC_SAMPTO)

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 ‘ SPT17[2:0] ‘ SPT16[2:0] ‘ SPT15[2:1] ‘
w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ SPT15[0] ‘ SPT14[2:0] SPT13[2:0] ‘ SPT12[2:0] ‘ SPT11[2:0] ‘ SPT10[2:0] ‘
w w w w w w
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Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23:21 SPT17[2:0] refer to SPT10[2:0] description
20:18 SPT16[2:0] refer to SPT10[2:0] description
17:15 SPT15[2:0] refer to SPT10[2:0] description
14:12 SPT14[2:0] refer to SPT10[2:0] description
11:9 SPT13[2:0] refer to SPT10[2:0] description
8.6 SPT12[2:0] refer to SPT10[2:0] description
5:3 SPT11[2:0] refer to SPT10[2:0] description
2:0 SPT10[2:0] Channel sample time
000: channel sampling time is 1.5 cycles
001: channel sampling time is 7.5 cycles
010: channel sampling time is 13.5 cycles
011: channel sampling time is 28.5 cycles
100: channel sampling time is 41.5 cycles
101: channel sampling time is 55.5 cycles
110: channel sampling time is 71.5 cycles
111: channel sampling time is 239.5 cycles
12.7.5. Sample time register 1 (ADC_SAMPT1)
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
‘ Reserved SPT9[2:0] ‘ SPT8[2:0] ‘ SPT7[2:0] SPT6[2:0] SPT5[2:1]
w w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
‘ SPT5[0] | SPT4[2:0] | SPT3[2:0] ‘ SPT2[2:0] ‘ SPT1[2:0] ‘ SPT0[2:0]
w w w w w w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29:27 SPT9[2:0] refer to SPTO[2:0] description
26:24 SPT8[2:0] refer to SPTO0[2:0] description
23:21 SPT7[2:0] refer to SPTO[2:0] description
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20:18 SPT6[2:0] refer to SPT0[2:0] description
17:15 SPT5[2:0] refer to SPT0[2:0] description
14:12 SPT4[2:0] refer to SPT0[2:0] description
11:9 SPT3[2:0] refer to SPTO[2:0] description
8.6 SPT2[2:0] refer to SPT0[2:0] description
5:3 SPT1[2:0] refer to SPTO[2:0] description
2:0 SPT0[2:0] Channel sample time
000: channel sampling time is 1.5 cycles
001: channel sampling time is 7.5 cycles
010: channel sampling time is 13.5 cycles
011: channel sampling time is 28.5 cycles
100: channel sampling time is 41.5 cycles
101: channel sampling time is 55.5 cycles
110: channel sampling time is 71.5 cycles
111: channel sampling time is 239.5 cycles
12.7.6. Watchdog high threshold register (ADC_WDHT)
Address offset: 0x24
Reset value: 0x0000 OFFF
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
‘ Reserved WDHT[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 WDHT[11:0] High threshold for analog watchdog
These bits define the high threshold for the analog watchdog.
12.7.7. Watchdog low threshold register (ADC_WDLT)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved WDLT[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 WDLTI[11:0] Low threshold for analog watchdog
These bits define the low threshold for the analog watchdog.
12.7.8. Routine sequence register 0 (ADC_RSQO0)
Address offset: 0x2C
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 ‘ RL[3:0] ‘ RSQ15[4:1]
w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ RSQ15[0] ‘ RSQ14[4:0] RSQ13[4:0] ‘ RSQ12[4:0]
w w w w
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23:20 RL[3:0] Routine sequence length.
The total number of conversion in routine sequence equals to RL[3:0]+1.
19:15 RSQ15[4:0] refer to RSQO[4:0] description
14:10 RSQ14[4:0] refer to RSQO[4:0] description
9:5 RSQ13[4:0] refer to RSQO[4:0] description
4:0 RSQ12[4:0] refer to RSQO[4:0] description
12.7.9. Routine sequence register 1 (ADC_RSQ1)

Address offset: 0x30
Reset value: 0x0000 0000

This register has to be accessed by word(32-bit)
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved l RSQ11[4:0] ‘ RSQ10[4:0] | RSQ9[4:1]
w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ RSQ9[0] l RSQ8[4:0] l RSQ7[4:0] ‘ RSQ6[4:0]
w w w w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29:25 RSQ11[4:0] refer to RSQO[4:0] description
24:20 RSQ10[4:0] refer to RSQO[4:0] description
19:15 RSQ9[4:0] refer to RSQO[4:0] description
14:10 RSQ8[4:0] refer to RSQO[4:0] description
9:5 RSQ7[4:0] refer to RSQO[4:0] description
4:0 RSQ6[4:0] refer to RSQO[4:0] description
12.7.10. Routine sequence register 2 (ADC_RSQ2)
Address offset: 0x34
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 RSQ5[4:0] ‘ RSQ4[4:0] ‘ RSQ3[4:1]
w w w
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ RSQ3[0] ‘ RSQ2[4:0] ‘ RSQ1[4:0] ‘ RSQO[4:0]
w w w w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29:25 RSQ5[4:0] refer to RSQO0[4:0] description
24:20 RSQ4[4:0] refer to RSQO0[4:0] description
19:15 RSQ3[4:0] refer to RSQO0[4:0] description
14:10 RSQ2[4:0] refer to RSQO0[4:0] description
9:5 RSQ1[4:0] refer to RSQO0[4:0] description
4:0 RSQO0[4:0] The channel number (0..17) is written to these bits to select a channel as the nth
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conversion in the routine sequence.
12.7.11. Routine data register (ADC_RDATA)
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
‘ ADC1RDTR[15:0]
r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ RDATA[15:0]
r
Bits Fields Descriptions
31:16 ADC1RDTR[15:0] ADC1 routine channel data
In sync mode, these bits contain the routine data of ADC1.
These bits are only used in ADCO.
15:0 RDATA[15:0] Routine channel data
These bits contain routine channel conversion value, which is read only.
12.7.12. Oversample control register (ADC_OVSAMPCTL)
Address offset: 0x80
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 1 10 9 8 7 6 5 4 3 2 1 0
Reserved DRES[1:0] Reserved ‘ TOVS ‘ OVSS[3:0] OVSRJ[2:0] Reserved | OVSEN ‘
w w w w w
Bits Fields Descriptions
31:14 Reserved Must be kept at reset value.
13:12 DRES[1:0] ADC resolution
00: 12bit;
01: 10bit;
10: 8bit;
11: 6bit
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11:10

9

8:5

4:2

Reserved

TOVS

OVSS[3:0]

OVSR[2:0]

Reserved

OVSEN

Must be kept at reset value.

Triggered Oversampling

This bit is set and cleared by software.

0: All oversampled conversions for a channel are done consecutively after a
trigger

1: Each conversion needs a trigger for a oversampled channel and the number of
triggers is determined by the oversampling ratio(OVSR[2:0]).

Note: The software allows this bit to be written only when ADCON = 0 (this

ensures that no conversion is in progress).

Oversampling shift

This bit is set and cleared by software.
0000: No shift

0001: Shift 1-bit

0010: Shift 2-bits

0011: Shift 3-bits

0100: Shift 4-bits

0101: Shift 5-bits

0110: Shift 6-bits

0111: Shift 7-bits

1000: Shift 8-bits

Other codes reserved

Note: The software allows this bit to be written only when ADCON = 0 (this

ensures that no conversion is in progress).

Oversampling ratio

This bit filed defines the number of oversampling ratio.
000: 2x

001: 4x

010: 8x

011: 16x

100: 32x

101: 64x

110: 128x

111: 256x

Note: The software allows this bit to be written only when ADCON = 0 (this

ensures that no conversion is in progress).
Must be kept at reset value.

Oversampler Enable

This bit is set and cleared by software.

0: Oversampler disabled

1: Oversampler enabled

Note: The software allows this bit to be written only when ADCON = 0 (this
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ensures that no conversion is in progress).
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13. Digital-to-analog converter (DAC)

13.1. Overview

The Digital-to-analog converter converts 12-bit digital data to a voltage on the external pins.
The digital data can be configured to 8-bit or 12-bit mode, left-aligned or right-aligned mode.
DMA can be used to update the digital data on external triggers.

The output voltage can be optionally buffered for higher drive capability.

The DAC channels can work independently or concurrently.

13.2. Characteristics

The main features of DAC are as follows:

8-bit or 12-bit resolution.

Left or right data alignment.

DMA capability for each channel.

Conversion update synchronously.

Conversion triggered by external triggers.

Configurable internal buffer.

Extern voltage reference, Vrerp.

Noise wave generation (LFSR noise mode and triangle noise mode).

Two DAC channels in concurrent mode.

Figure 13-1. DAC block diagram and Table 13-1. DAC I/O description show the block
diagram of DAC and the pin description of DAC, respectively.
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Figure 13-1. DAC block diagram
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Table 13-1. DAC 1/O description
Name Description Signal type
Vbpa Analog power supply Input, analog supply
Vssa Ground for analog power supply Input, analog supply ground
VREFP Positive reference voltage of DAC Input, analog positive reference
DACy_OUTXx DAC analog output Analog output signal
The below table details the triggers and outputs of the DAC.
Table 13-2. DAC triggers and outputs summary
DACO
Channel Channel0 Channel1
DAC outputs
PA4 PA5
connected to | / Os
DAC output buffer . °
DAC software
[}
trigger
DAC trigger
= EXTI_9
signals from EXTI
TIMER1_TRGO
TIMER2_TRGO(connectivity line devices), TIMER7_TRGO(other type devices)
DAC trigger
TIMER3_TRGO
signals from
TIMER4_TRGO
TIMER
TIMER5_TRGO
TIMER6_TRGO
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Note: The GPIO pins should be configured to analog mode before enable the DAC module.
13.3. Function overview
13.3.1. DAC enable
The DAC can be turned on by setting the DENXx bit in the DAC_CTLO register. A twakeup time
is needed to startup the analog DAC submodule.
13.3.2. DAC output buffer
For reducing output impedance and driving external loads without an external operational
amplifier, an output buffer is integrated inside each DAC module.
The output buffer, which is turned on by default to reduce the output impedance and improve
the driving capability, can be turned off by setting the DBOFFx bit in the DAC_CTLO register.
13.3.3. DAC data configuration
The 12-bit DAC holding data (OUTx_DH) can be configured by writing any one of the
DAC_OUTx_R12DH, DAC_OUTx_L12DH and DAC_OUTx_R8DH registers. When the data
is loaded by DAC_OUTx_R8DH register, only the MSB 8 bits are configurable, the LSB 4 bits
are forced to 4’b0000.
13.3.4. DAC trigger

The DAC conversion can be triggered by software or rising edge of external trigger source.
The DAC external trigger is enabled by setting the DTENXx bits in the DAC_CTLO register. The
DAC external triggers are selected by the DTSELX bits in the DAC_CTLO register, which is
shown as Table 13-3. Triggers of DAC.

Table 13-3. Triggers of DAC

DTSELXx[2:0] Trigger Source Trigger Type

3b’000 TIMER5_TRGO

TIMER 2_TRGO in connectivity
3b’001 line devices; TIMER7 _TRGO in

other type devices

3b’010 TIMER6_TRGO Hardware trigger
3b’011 TIMER4_TRGO
3b’100 TIMER1_TRGO
3b’101 TIMER3_TRGO
3b’110 EXTI_9
3b'111 SWTR Software trigger
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13.3.5.

13.3.6.

The TIMERx_TRGO signals are generated from the timers, while the software trigger can be
generated by setting the SWTRXx bits in the DAC_SWT register.

DAC conversion

If the external trigger is enabled by setting the DTENXx bit in DAC_CTLO register, the DAC
holding data is transferred to the DAC output data (DAC_OUTx_DO) register when the
selected trigger event happened. When the external trigger is disabled, the transfer is
performed automatically.

When the DAC holding data (OUTx_DH) is loaded into the DAC_OUTx_DO register, after the
time tsertung which is determined by the analog output load and the power supply voltage,
the analog output is valid.

DAC noise wave

There are two methods of adding noise wave to the DAC output data: LFSR noise wave mode
and Triangle wave mode. The noise wave mode can be selected by the DWMx bits in the
DAC_CTLO register. The amplitude of the noise can be configured by the DAC noise wave
bit width (DWBWHX) bits in the DAC_CTLO register.

LFSR noise wave mode: there is a Linear Feedback Shift Register (LFSR) in the DAC control
logic, it controls the LFSR noise signal which is added to the OUTx_DH value, and then the
result is stored into the DAC_OUTx_DO register. When the configured DAC noise wave bit
width is less than 12, the noise signal equals to the LSB DWBW(x bits of the LFSR register,
while the MSB bits are masked.

Figure 13-2. DAC LFSR algorithm

FYYVY
I
—

NOR

Triangle noise mode: a triangle signal is added to the OUTx_DH value, and then the result is
stored into the DAC_OUTx_DO register. The minimum value of the triangle signal is 0, while
the maximum value of the triangle signal is (2 << DWBWYX) - 1.
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Figure 13-3. DAC triangle noise wave
(2<<DWBWHx)-1
DACx OUTy DH V|
value
13.3.7. DAC output voltage
The following equation determines the analog output voltage on the DAC pin.
VDAC_OUT=VREFP*OUTX_DO/4096 (1 3-1 )
The digital input is linearly converted to an analog output voltage and its range is 0 to Vrerr.
13.3.8. DMA request
When the external trigger is enabled, the DMA request is enabled by setting the DDMAENXx
bit of the DAC_CTLO register. A DMA request will be generated when an external hardware
trigger (not a software trigger) occurs.
13.3.9. DAC concurrent conversion

When the two output channels work at the same time, for maximum bus bandwidth utilization
in specific applications, two output channels can be configured in concurrent mode. In
concurrent mode, the OUTx_DH and DAC_OUTx_DO value will be updated at the same time.

There are three concurrent registers that can be used to load the OUTx_DH value:
DACC_R8DH, DACC_R12DH and DACC_L12DH. User just need to access a unique register
to realize driving two DAC channels at the same time.

When external trigger is enabled, please ensure both DTENXx bits be set, DTSELO/DTSEL1
bits be same to guarantee the simultaneous trigger.

When DMA is enabled, please ensure any DDMAENX bit in one DAC be set.

The noise mode and noise bit width can be configured either the same or different, depending
on the application scenario.
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13.4. Register definition

DACO base address: 0x4000 7400

13.4.1. DACXx control register 0 (DAC_CTLO)

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
DDMA
Reserved DWBW1[3:0] DWM1[1:0] DTSEL1[2:0] DTEN1 | DBOFF1 DEN1
EN1
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DDMA
Reserved DWBWOI3:0] DWMO[1:0] DTSELO0[2:0] DTENO | DBOFFO DENO
ENO
w w w w w w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value
28 DDMAEN1 DACx_OUT1 DMA enable

0: DACx_OUT1 DMA mode disabled
1: DACx_OUT1 DMA mode enabled

27:24 DWBW1[3:0] DACx_OUT1 noise wave bit width
These bits specify bit width of the noise wave signal of DACx_OUT1. These bits
indicate that unmask LFSR bit [n-1, 0] in LFSR noise mode or the amplitude of the
triangle is ((2 << (n-1)) - 1) in triangle noise mode, where n is the bit width of wave.
0000: The bit width of the wave signal is 1
0001: The bit width of the wave signal is 2
0010: The bit width of the wave signal is 3
0011: The bit width of the wave signal is 4
0100: The bit width of the wave signal is 5
0101: The bit width of the wave signal is 6
0110: The bit width of the wave signal is 7
0111: The bit width of the wave signal is 8
1000: The bit width of the wave signal is 9
1001: The bit width of the wave signal is 10
1010: The bit width of the wave signal is 11
=1011: The bit width of the wave signal is 12

23:22 DWM1[1:0] DACx_OUT1 noise wave mode
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21:19

18

17

16

15:13

12

11:8

DTSEL1[2:0]

DTEN1

DBOFF1

DEN1

Reserved

DDMAENO

DWBWO[3:0]

These bits specify the mode selection of the noise wave signal of DACx_OUT1
when external trigger of DACx_OUT1 is enabled (DTEN1=1).

00: wave disabled

01: LFSR noise mode

1x: Triangle noise mode

DACx_OUT1 trigger selection

These bits are only used if bit DTEN = 1 and select the external event used to trigger
DAC.

000: TIMER5 TRGO

001: TIMER2 TRGO (connectivity line devices); TIMER7 TRGO (other type devices)
010: TIMER6 TRGO

011: TIMER4 TRGO

100: TIMER1 TRGO

101: TIMER3 TRGO

110: EXTl line 9

111: Software trigger

DACx_OUT1 trigger enable
0: DACx_OUT1 trigger disabled
1: DACx_OUT1 trigger enabled

DACx_OUT1 output buffer turn off

0: DACx_OUT1 output buffer turns on to reduce the output impedance and improve
the driving capability

1: DACx_OUT1 output buffer turns off

DACx_OUT1 enable
0: DACx_OUT1 disabled
1: DACx_OUT1 enabled

Must be kept at reset value

DACx_OUTO DMA enable
0: DACx_OUT0 DMA mode disabled
1: DACx_OUTO0 DMA mode enabled

DACx_OUTO noise wave bit width

These bits specify bit width of the noise wave signal of DACx_OUTO. These bits
indicate that unmask LFSR bit [n-1, 0] in LFSR noise mode or the amplitude of the
triangle is ((2<<(n-1))-1) in triangle noise mode, where n is the bit width of wave.
0000: The bit width of the wave signal is 1

0001: The bit width of the wave signal is 2

0010: The bit width of the wave signal is 3

0011: The bit width of the wave signal is 4

0100: The bit width of the wave signal is 5

0101: The bit width of the wave signal is 6
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0110: The bit width of the wave signal is 7
0111: The bit width of the wave signal is 8
1000: The bit width of the wave signal is 9
1001: The bit width of the wave signal is 10
1010: The bit width of the wave signal is 11
=1011: The bit width of the wave signal is 12

7:6 DWMOI1:0] DACx_OUTO noise wave mode
These bits specify the mode selection of the noise wave signal of DACx_OUTO
when external trigger of DACx_OUTO is enabled (DTENO=1).
00: Wave disabled
01: LFSR noise mode

1x: Triangle noise mode

5:3 DTSELO[2:0] DACx_OUTO trigger selection
These bits are only used if bit DTEN = 1 and select the external event used to trigger
DAC.
000: TIMER5 TRGO
001: TIMER2 TRGO (connectivity line devices); TIMER7 TRGO (other type devices)
010: TIMER6 TRGO
011: TIMER4 TRGO
100: TIMER1 TRGO
101: TIMER3 TRGO
110: EXTl line 9
111: Software trigger

2 DTENO DACx_OUTO trigger enable
0: DACx_OUTO trigger disabled
1: DACx_OUTO trigger enabled

1 DBOFFO DACx_OUTO output buffer turn off
0: DACx_OUTO output buffer turns on to reduce the output impedance and improve
the driving capability
1: DACx_OUTO output buffer turns off

0 DENO DACx_OUTO enable
0: DACx_OUTO disabled
1: DACx_OUTO enabled

13.4.2. DACx software trigger register (DAC_SWT)

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

268



€

GigaDevice GD32F30x User Manual
‘ Reserved ‘
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ SWTR1 ‘ SWTRO ‘
w w
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1 SWTR1 DACx_OUT1 software trigger, cleared by hardware.
0: Software trigger disabled
1: Software trigger enabled
0 SWTRO DACx_OUTO software trigger, cleared by hardware.

0: Software trigger disabled

1: Software trigger enabled

(DAC_OUTO_L12DH)

Address offset: 0x0C
Reset value: 0x0000 0000

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

13.4.3. DACx_OUTO 12-bit right-aligned data holding register
(DAC_OUTO0_R12DH)
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 ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved OUTO_DHI[11:0] ‘
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 OUTO_DH[11:0] DACx_OUTO0 12-bit right-aligned data.
These bits specify the data that is to be converted by DACx_OUTO.
13.4.4. DACx_OUTO 12-bit left-aligned data holding register
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ OUTO0_DHI[11:0] Reserved

w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:4 OUTO_DH[11:0] DACx_OUTO 12-bit left-aligned data.

These bits specify the data that is to be converted by DACx_OUTO.

3.0 Reserved Must be kept at reset value.

13.4.5. DACx_OUTO0 8-bit right-aligned data holding register (DAC_OUTO0_R8DH)

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

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved OUTO_DH[7:0]
w
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7:0 OUTO_DHJ7:0] DACx_OUTO 8-bit right-aligned data.

These bits specify the MSB 8-bit of the data that is to be converted by DACx_OUTO.

13.4.6. DACx_OUT1 12-bit right-aligned data holding register

(DAC_OUT1_R12DH)

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 1" 10 9 8 7 6 5 4 3 2 1 0
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‘ Reserved OUT1_DHI[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 OUT1_DHI[11:0] DACx_OUT1 12-bit right-aligned data.

These bits specify the data that is to be converted by DACx_OUT1.

13.4.7. DACx_OUT1 12-bit left-aligned data holding register

(DAC_OUT1_L12DH)

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OUT1_DHI[11:0] Reserved

w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:4 OUT1_DH[11:0] DACx_OUT1 12-bit left-aligned data.

These bits specify the data that is to be converted by DACx_OUT1.

3:0 Reserved Must be kept at reset value.

13.4.8. DACx_OUT1 8-bit right-aligned data holding register (DAC_OUT1_R8DH)

Address offset: 0x1C
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 OUT1_DH][7:0]
w
Bits Fields Descriptions
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318 Reserved Must be kept at reset value.
7:0 OUT1_DH[7:0] DACx_OUT1 8-bit right-aligned data

These bits specify the MSB 8-bit of the data that is to be converted by DACx_OUT1.

13.4.9. DACx concurrent mode 12-bit right-aligned data holding register

(DACC_R12DH)

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 ‘ OUT1_DH[11:0] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved l OUTO_DHI[11:0] ‘
w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27:16 OUT1_DHI[11:0] DACx_OUT1 12-bit right-aligned data

These bits specify the data that is to be converted by DACx_OUT1.
15:12 Reserved Must be kept at reset value.

11:0 OUTO_DH[11:0] DACx_OUTO 12-bit right-aligned data
These bits specify the data that is to be converted by DACx_OUTO.

13.4.10. DACx concurrent mode 12-bit left-aligned data holding register

(DACC_L12DH)

Address offset: 0x24
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
‘ OUT1_DHI[11:0] ’ Reserved ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OUTO0_DHI[11:0] ‘ Reserved ‘
w
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Bits Fields Descriptions
31:20 OUT1_DH[11:0] DACx_OUT1 12-bit left-aligned data
These bits specify the data that is to be converted by DACx_OUT1.
19:16 Reserved Must be kept at reset value.
15:4 OUTO0_DH[11:0] DACx_OUTO0 12-bit left-aligned data
These bits specify the data that is to be converted by DACx_OUTO.
3:0 Reserved Must be kept at reset value.
13.4.11. DACx concurrent mode 8-bit right-aligned data holding register
(DACC_R8DH)
Address offset: 0x28
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
‘ OUT1_DH [7:0] OUTO_DH [7:0]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:8 OUT1_DHJ7:0] DACx_OUT1 8-bit right-aligned data
These bits specify the MSB 8-bit of the data that is to be converted by
DACx_OUT1.
7:0 OUTO_DHJ7:0] DACx_OUTO 8-bit right-aligned data
These bits specify the MSB 8-bit of the data that is to be converted by
DACx_OUTO.
13.4.12. DACx_OUTO data output register (DAC_OUTO0_DO)
Address offset: 0x2C
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
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‘ Reserved OUT0_DO [11:0]
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 OUTO0_DO [11:0] DACx_OUTO 12-bit output data
These bits, which are read only, storage the data that is being converted by
DACx_OUTO.
13.4.13. DACx_OUT1 data output register (DAC_OUT1_DO)
Address offset: 0x30
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 1 10 9 8 7 6 5 4 3 2 1 0
Reserved OUT1_DO [11:0]
r
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 OUT1_DO [11:0] DACx_OUT1 12-bit output data

These bits, which are read only, storage the data that is being converted by
DACx_OUT1.
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14.

14.1.

14.1.1.

14.1.2.

14.1.3.

Watchdog timer (WDGT)

The watchdog timer (WDGT) is a hardware timing circuitry that can be used to detect system
failures due to software malfunctions. There are two watchdog timer peripherals in the chip:
free watchdog timer (FWDGT) and window watchdog timer (WWDGT). They offer a
combination of a high safety level, flexibility of use and timing accuracy. Both watchdog timers
are offered to resolve malfunctions of software.

The watchdog timer will generate a reset when the internal counter reaches a given value.
The watchdog timer counter can be stopped while the processor is in the debug mode.

Free watchdog timer (FWDGT)

Overview

The free watchdog timer (FWDGT) has free clock source (IRC40K). Thereupon the FWDGT
can operate even if the main clock fails. It's suitable for the situation that requires an
independent environment and lower timing accuracy.

The free watchdog timer causes a reset when the internal down counter reaches 0. The
register write protection function in free watchdog can be enabled to prevent it from changing
the configuration unexpectedly.

Characteristics

B Free-running 12-bit downcounter.
Reset when the downcounter reaches 0, if the watchdog is enabled.
B Free clock source, FWDGT can operate even if the main clock fails such as in standby

and Deep-sleep modes.
B Hardware free watchdog bit, automatically start the FWDGT or not when power on.
B FWDGT debug mode, the FWDGT can stop or continue to work in debug mode.

Function overview

The free watchdog consists of an 8-stage prescaler and a 12-bit down-counter._Figure 14-1.
Free watchdog block diagram shows the functional block of the free watchdog module.

275



&

GigaDevice

GD32F30x User Manual

Figure 14-1. Free watchdog block diagram

Status: PUD
IRCAOK Prescaler 12-Bit ‘ Reset
14/8...1256 DownCounter >

Control register] Reload |
register Status: RUD

The free watchdog is enabled by writing the value (OxCCCC) to the control register
(FWDGT_CTL), then the counter starts counting down. When the counter reaches the value
(0x000), there will be a reset.

The counter can be reloaded by writing the value (OXAAAA) to the FWDGT_CTL register at
anytime. The reload value comes from the FWDGT_RLD register. The software can prevent
the watchdog reset by reloading the counter before the counter reaches the value (0x000).

The free watchdog can automatically start when power on if the hardware free watchdog bit
in the device option bits is set. To avoid a reset, the software should reload the counter before
the counter reaches (0x000).

The FWDGT_PSC register and the FWDGT_RLD register are written protected. Before
writing these registers, the software should write the value (0x5555) to the FWDGT_CTL
register. These registers will be protected again by writing any other value to the
FWDGT_CTL register. When an update operation of the prescaler register (FWDGT_PSC)
or the reload value register (FWDGT_RLD) is ongoing, the status bits in the FWDGT_STAT
register are set.

If the FWDGT_HOLD bit in DBG module is cleared, the FWDGT continues to work even the
Cortex®-M4 core halted (Debug mode). The FWDGT stops in Debug mode if the
FWDGT_HOLD bit is set.

Table 14-1. Min/max FWDGT timeout period at 40 kHz (IRC40K)

Prescaler divider | PSC[2:0] bits Min timeout (ms) Max timeout (ms)
RLDI[11:0]=0x000 RLD[11:0]=0xFFF
1/4 000 0.025 409.525
1/8 001 0.025 819.025
1/16 010 0.025 1638.025
1/32 011 0.025 3276.025
1/64 100 0.025 6552.025
1/128 101 0.025 13104.025
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Min timeout (ms) Max timeout (ms)
Prescaler divider | PSC[2:0] bits
RLD[11:0]=0x000 RLD[11:0]=0xFFF
1/256 110 or 111 0.025 26208.025

The FWDGT timeout can be more accurate by calibrating the IRC40K.

Note: When after the execution of watchdog reload operation, if the MCU needs enter the
deepsleep / standby mode immediately, more than 3 IRC40K clock intervals must be inserted
in the middle of reload and deepsleep / standby mode commands by software setting.
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14.1.4. Register definition
FWDGT base address: 0x4000 3000
Control register (FWDGT_CTL)
Address offset: 0x00
Reset value: 0x0000 0000
This register can be accessed by half-word (16-bit) or word (32-bit) access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ CMD[15:0]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 CMD[15:0] Write only. Several different fuctions are realized by writing these bits with different

values:

0x5555: Disable the FWDGT_PSC and FWDGT_RLD write protection
0xCCCC: Start the free watchdog counter. When the counter reduces to 0, the
free watchdog generates a reset

O0xAAAA: Reload the counter

Prescaler register (FWDGT_PSC)

Address offset: 0x04
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved PSCI2:0]
w

Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2:0 PSC[2:0] Free watchdog timer prescaler selection. Write 0x5555 in the FWDGT_CTL register

before writing these bits. During a write operation to this register, the PUD bit in the
FWDGT_STAT register is set and the value read from this register is invalid.
000:1/4

001:1/8
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010: 1/16
011:1/32
100: 1/64
101:1/128
110: 1 /256
111:1/256
If several prescaler values are used by the application, it is mandatory to wait until
PUD bit is reset before changing the prescaler value. However, after updating the
prescaler value it is not necessary to wait until PUD is reset before continuing
code execution (Before entering low-power mode, it is necessary to wait until PUD
is reset).
Reload register (FWDGT_RLD)
Address offset: 0x08
Reset value: 0x0000 OFFF
This register can be accessed by half-word (16-bit) or word (32-bit) access.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| |
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved RLD [11:0] ‘
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:0 RLD[11:0] Free watchdog timer counter reload value. Write OxAAAA in the FWDGT_CTL

31

30

register will reload the FWDGT counter with the RLD value.

These bits are write-protected. Write 0x5555 in the FWDGT_CTL register before
writing these bits. During a write operation to this register, the RUD bit in the
FWDGT_STAT register is set and the value read from this register is invalid.

If several reload values are used by the application, it is mandatory to wait until RUD
bit is reset before changing the reload value. However, after updating the reload
value it is not necessary to wait until RUD is reset before continuing code execution

(Before entering low-power mode, it is necessary to wait until RUD is reset).

Status register (FWDGT_STAT)

Address offset: 0x0C
Reset value: 0x0000 0000

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

29

28

27

26 25 24 23 22 21 20 19 18 17 16

Reserved
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ RUD ‘ PUD ‘
r r
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1 RUD Free watchdog timer counter reload value update.
During a write operation to FWDGT_RLD register, this bit is set and the value read
from FWDGT_RLD register is invalid. This bit is reset by hardware after the update
operation of FWDGT_RLD register.
0 PUD Free watchdog timer prescaler value update.

During a write operation to FWDGT_PSC register, this bit is set and the value read
from FWDGT_PSC register is invalid. This bit is reset by hardware after the update
operation of FWDGT_PSC register.
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14.2.

14.2.1.

14.2.2.

14.2.3.

Window watchdog timer (WWDGT)

Overview

The window watchdog timer (WWDGT) is used to detect system failures due to software
malfunctions. After the window watchdog timer starts, the value of down counter reduces
progressively. The watchdog timer causes a reset when the counter reached 0x3F (the CNT[6]
bit has been cleared). The watchdog timer also causes a reset when the counter is refreshed
before the counter reached the window register value. So the software should refresh the
counter in a limited window. The window watchdog timer generates an early wakeup status
flag when the counter reaches 0x40. Interrup occurs if it is enabled.

The window watchdog timer clock is prescaled from the APB1 clock. The window watchdog
timer is suitable for the situation that requires an accurate timing.

Characteristics

B Programmable free-running 7-bit downcounter.

B Generate reset in two conditions when WWDGT is enabled:
- Reset when the counter reached Ox3F.
- The counter is refreshed when the value of the counter is greater than the window

register value.

B Early wakeup interrupt (EWI): the watchdog is started and the interrupt is enabled, the
interrupt occurs when the counter reaches 0x40.

B WWDGT debug mode, the WWDGT can stop or continue to work in debug mode.

Function overview

If the window watchdog timer is enabled (set the WDGTEN bit in the WWDGT_CTL), the
watchdog timer causes a reset when the counter reaches 0x3F (the CNTI[6] bit has been
cleared), or the counter is refreshed before the counter reaches the window register value.

Figure 14-2. Window watchdog timer block diagram

PCLK1/4096 Prescaler
> 11121418
WDGTEN N 7-Bit Do(\:N’:}TCou nter ‘ CNT[6]=0 Reset

\ CNT>WIN

Window WIN / } Reset
Write WWDGT_CTL
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The window watchdog timer is always disabled after power on reset. The software starts the
watchdog by setting the WDGTEN bit in the WWDGT_CTL register. When window watchdog
timer is enabled, the counter counts down all the time, the configured value of the counter
should be greater than Ox3F (it implies that the CNT[6] bit should be set). The CNT[5:0]
determine the maximum time interval between two reloading. The count down speed depends
on the APB1 clock and the prescaler (PSC[1:0] bits in the WWDGT _CFG register).

The WIN[6:0] bits in the configuration register (WWDGT_CFG) specifies the window value.
The software can prevent the reset event by reloading the down counter. The counter value
is less than the window value and greater than Ox3F, otherwise the watchdog causes a reset.

The early wakeup interrupt (EWI) is enabled by setting the EWIE bit in the WWDGT_CFG
register, and the interrupt will be generated when the counter reaches 0x40. The software
can do something such as communication or data logging in the interrupt service routine (ISR)
in order to analyse the reason of software malfunctions or save the important data before
resetting the device. Moreover the software can reload the counter in ISR to manage a
software system check and so on. In this case, the WWDGT will never generate a WWDGT
reset but can be used for other things.

The EWI interrupt is cleared by writing '0' to the EWIF bit in the WWDGT_STAT register.

Figure 14-3. Window watchdog timing diagram

CNT[6:0]
A

Start Start
Ox7F Write CNT —

WIN

)
'
'
Ox3F 4o
'
'
'
T >
CNT[6]=0 cause a reset :
Write WWDG_CTL when CTN>WIN
cause a reset
Calculate the WWDGT timeout by using the formula below.
tWWDGT = tPCLKl X 4096 X ZPSC X (CNT[S 0] + 1) (ms) (16'1)

where:
twwoet: WWDGT timeout
trcLk1: APB1 clock period measured in ms

The table below shows the minimum and maximum values of the twwberT.
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Table 14-2. Min/max timeout value at 60 MHz (fpcLk1)
e T PSC[1:0] Min timeout value Max timeout value
CNT[6:0] =0x40 CNT[6:0]=0x7F
1/1 00 68.2 us 4.3ms
1/2 01 136.4 ys 8.6 ms
1/4 10 272.8ps 17.2ms
1/8 11 545.6 ps 34.4ms

If the WWDGT_HOLD bit in DBG module is cleared, the WWDGT continues to work even the
Cortex®-M4 core halted (Debug mode). While the WWDGT_HOLD bit is set, the WWDGT
stops in Debug mode.
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14.2.4. Register definition

WWDGT base address: 0x4000 2C00

Control register WWWDGT_CTL)

Address offset: 0x00
Reset value: 0x0000 007F

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 1" 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ WDGTEN ‘ CNTI[6:0]

rs w
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7 WDGTEN Start the window watchdog timer. Cleared by a hardware reset. Writing 0 has no
effect.

0: Window watchdog timer disabled

1: Window watchdog timer enabled

6:0 CNTI[6:0] The value of the watchdog timer counter. A reset occurs when the value of this
counter decreases from 0x40 to 0x3F. When the value of this counter is greater than

the window value, writing this counter also causes a reset.

Configuration register WWDGT_CFG)

Address offset: 0x04
Reset value: 0x0000 007F

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 1" 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ EWIE ‘ PSC[1:0] WIN[6:0] ’
rs w w
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 EWIE Early wakeup interrupt enable. If the bit is set, an interrupt occurs when the counter

reaches 0x40. It can be cleared by a hardware reset or software reset by setting the
WWDGTRST bit of the RCU module. A write operation of ‘0’ has no effect.
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8.7 PSCI[1:0] Prescaler. The time base of the watchdog timer counter.
00: (PCLK1/4096) /1
01: (PCLK1/4096)/2
10: (PCLK1/4096) /4
11: (PCLK1/4096)/8
6:0 WIN[6:0] The Window value. A reset occurs if the watchdog counter (CNT bits in

WWDGT_CTL) is written when the value of the watchdog counter is greater than
the Window value.

Status register (WWDGT_STAT)

Address offset: 0x08
Reset value: 0x0000 0000

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

31 30 29 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ EWIF ‘
w
Bits Fields Descriptions
31:1 Reserved Must be kept at reset value.
0 EWIF

Early wakeup interrupt flag. When the counter reaches 0x40, this bit is set by
hardware even the interrupt is not enabled (EWIE in WWDGT_CFG is cleared). This

bit is cleared by writing 0 to it. There is no effect when writing 1 to it.
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15. Real-time Clock(RTC)
15.1. Overview
The RTC is usually used as a clock-calendar. The RTC circuits are located in two power
supply domains. The ones in the Backup Domain consist of a 32-bit up-counter, an alarm, a
prescaler, a divider and the RTC clock configuration register. That means the RTC settings
and time are kept when the device resets or wakes up from Standby mode. While the circuits
in the VDD domain only include the APB interface and a control register. In the following
sections, the details of the RTC function will be described.
15.2. Characteristics
B 32-bit programmable counter for counting elapsed time
Programmable prescaler: Max division factor is up to 22°
B Separate clock domains:
A) PCLK1 clock domain
B) RTC clock domain (this clock must be at least 4 times slower than the PCLK1 clock)
B RTC clock source:
A) HXTAL clock divided by 128
B) LXTAL oscillator clock
C) IRC40K oscillator clock
B Maskable interrupt source:
A) Alarm interrupt
B) Second interrupt
C) Overflow interrupt
15.3. Function overview

The RTC circuits consist of two major units: APB interface located in PCLK1 clock domain
and RTC core located in RTC clock domain.

APB Interface is connected with the APB1 bus. It includes a set of registers, can be accessed
by APB1 bus.

RTC core includes two major blocks. One is the RTC prescaler block, which generates the
RTC time base clock SC_CLK. RTC prescaler block includes a 20-bit programmable divider
(RTC prescaler) which can make SC_CLK is divided from RTC source clock. If second
interrupt is enabled in the RTC_INTEN register, the RTC will generate an interrupt at every
SC_CLKrising edge. Another block is a 32-bit programmable counter, which can be initialized

with the value of current system time. If alarm interrupt is enabled in the RTC_INTEN register,
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the RTC will generate an alarm interrupt when the system time equals to the alarm time
(stored in the RTC_ALRMHI/L register).
Figure 15-1. Block diagram of RTC
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15.3.1. RTC reset
The APB interface and the RTC_INTEN register are reset by system reset. The RTC core
(prescaler, divider, counter and alarm) is reset only by a backup domain reset.
Steps to enable access to the backup registers and the RTC after reset are as follows:
1. Set the PMUEN and BKPIEN bits in the RCU_APB1EN register to enable the power and
backup interface clocks.
2. Enable access to the backup registers and RTC by setting the BKPWEN bit in the
(PMU_CTL).

15.3.2. RTC reading
The APB interface and RTC core are located in two different power supply domains.
In the RTC core, only counter and divider registers are readable registers. And the values in
the two registers and the RTC flags are internally updated at each rising edge of the RTC
clock, which is resynchronized by the APB1 clock.
When the APB interface is immediately enabled from a disable state, the read operation is
not recommended because the first internal update of the registers has not finished. That
means, when a system reset, power reset, waking up from Standby mode or Deep-sleep
mode occurs, the APB interface was in disabled state, but the RTC core has been kept
running. In these cases, the correct read operation should first clear the RSYNF bit in the
RTC _CTL register and wait for it to be set by hardware. While WFI and WFE have no effects
on the RTC APB interface.

15.3.3. RTC configuration

The RTC_PSC, RTC_CNT and RTC_ALRM registers in the RTC core are writable. These
registers’ value can be set only when the peripheral enter configuration mode. And the CMF
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15.3.4.

bit in the RTC_CTL register is used to indicate the configuration mode status. The write
operation executes when the peripheral exit configuration mode, and it takes at least three
RTCCLK cycles to complete. The value of the LWOFF bit in the RTC_CTL register sets to ‘1,
if the write operation finished. The new write operation should wait for the previous one
finished.

The configuration steps are as follows:

A) Wait until the value of LWOFF bit in the RTC_CTL register sets to ‘1’;

B) Enter Configuration mode by setting the CMF bit in the RTC_CTL register;
C) Write to the RTC registers;

D) Exit Configuration mode by clearing the CMF bit in the RTC_CTL register;
E) Wait until the value of LWOFF bit in the RTC_CTL register sets to ‘1°.

RTC flag assertion

Before the update of the RTC Counter, the RTC second interrupt flag (SCIF) is asserted on
the last RTCCLK cycle.

Before the counter equal to the RTC Alarm value which stored in the Alarm register increases
by one, the RTC Alarm interrupt flag (ALRMIF) is asserted on the last RTCCLK cycle.

Before the counter equals to 0x0, the RTC Overflow interrupt flag (OVIF) is asserted on the
last RTCCLK cycle.

The RTC Alarm write operation and Second interrupt flag must be synchronized by using
either of the following sequences:

B Use the RTC alarm interrupt and update the RTC Alarm and/or RTC Counter registers
inside the RTC interrupt routine;

B Update the RTC Alarm and/or the RTC Counter registers after the SCIF bit to be set in
the RTC Control register.

Figure 15-2. RTC second and alarm waveform example (RTC_PSC = 3, RTC_ALRM = 2)

RTCCLK

e
rRrc_psc X 22X X OX 3X 2 XX 3X X X X 3 2X X X 3X X1
RTC_Second /N / N\ /N /N

RTC CNT 0 X 1 X 2 X 3 X 4

RTC_Alarm /\

ALRMIF

ALRMIF flag can be cleared by software
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Figure 15-3. RTC second and overflow waveform example (RTC_PSC= 3)
RTCCLK
rre_pse XXX DX XD DX XD
RTC_Second /N /N /N /N
RTC_CNT FFFFFFFD X FFFFFFFE X EEEFEFEE X 0 X 1
RTC_ Overflow /\
OVIF /OVIF flag can be cleared by software
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15.4. RTC Register
RTC base address: 0x4000 2800
15.4.1. RTC interrupt enable register(RTC_INTEN)
Address offset : 0x00
Reset value: 0x0000
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 | OVIE | ALRMIE | SCIE |
w w w
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2 OVIE Overflow interrupt enable
0: Disable overflow interrupt
1: Enable overflow interrupt
1 ALRMIE Alarm interrupt enable
0: Disable alarm interrupt
1: Enable alarm interrupt
0 SCIE Second interrupt enable
0: Disable second interrupt.
1: Enable second interrupt
15.4.2. RTC control register(RTC_CTL)

Address offset: 0x04
Reset value: 0x0020

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 | LWOFF | CMF | RSYNF | OVIF |ALRMIF | SCIF |
r w rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
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31:6 Reserved Must be kept at reset value.

5 LWOFF Last write operation finished flag
0: Last write operation on RTC registers did not finished.
1: Last write operation on RTC registers finished.

4 CMF Configuration mode flag
0: Exit configuration mode.

1: Enter configuration mode.

3 RSYNF Registers synchronized flag
0: Registers not yet synchronized with the APB1 clock.
1: Registers synchronized with the APB1 clock.

2 OVIF Overflow interrupt flag
0: Overflow event not detected
1: Overflow event detected. An interrupt will occur if the OVIE bit is set in
RTC_INTEN.

1 ALRMIF Alarm interrupt flag
0: Alarm event not detected
1: Alarm event detected. An interrupt named RTC global interrupt will occur if the
ALRMIE bit is set in RTC_INTEN. And another interrupt named the RTC Alarm
interrupt will occur if the EXTI 17 is enabled in interrupt mode.

0 SCIF Second interrupt flag
0: Second event not detected.
1: Second event detected. An interrupt will occur if the SCIE bit is set in
RTC_INTEN.
Set by hardware when the divider reloads the value in RTC_PSCHY/L, thus

incrementing the RTC counter.

15.4.3. RTC prescaler high register (RTC_PSCH)

Address offset: 0x08
Reset value: 0x0000

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 PSC[19:16]
W
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
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Address offset: 0x14
Reset value: 0x8000

This register can be accessed by half-word (16-bit) or word (32-bit)
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3.0 PSC[19:16] RTC prescaler value high
15.4.4. RTC prescaler low register(RTC_PSCL)
Address offset: 0x0C
Reset value: 0x8000
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 1 10 9 8 7 6 5 4 3 2 1 0
| PSC[15:0]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 PSC[15:0] RTC prescaler value low
The frequency of SC_CLK is the RTCCLK frequency divided by (PSC[19:0]+1).
15.4.5. RTC divider high register (RTC_DIVH)
Address offset: 0x10
Reset value: 0x0000
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 DIV[19:16]
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
3:0 DIV[19:16] RTC divider value high
15.4.6. RTC divider low register (RTC_DIVL)
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| Reserved
15 14 13 12 1 10 9 8 7 5 4 3 2 1 0
| DIV[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 DIV[15:0] RTC divider value low
The RTC divider register is reloaded by hardware when the RTC prescaler or RTC
counter register updated.
15.4.7. RTC counter high register(RTC_CNTH)
Address offset: 0x18
Reset value: 0x0000
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
| CNT[31:16] |
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 CNT[31:16] RTC counter value high
15.4.8. RTC counter low register (RTC_CNTL)
Address offset: 0x1C
Reset value: 0x0000
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
CNT[15:0] |
w
Bits Fields Descriptions

31:16

Reserved

Must be kept at reset value.
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15:0 CNT[15:0] RTC counter value low
15.4.9. RTC alarm high register(RTC_ALRMH)
Address offset: 0x20
Reset value: OxXFFFF
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 1 10 9 8 7 6 5 4 3 2 1 0
| ALRM[31:16]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 ALRM[31:16] RTC alarm value high
15.4.10. RTC alarm low register (RTC_ALRML)
Address offset: 0x24
Reset value: OxXFFFF
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 1 10 9 8 7 6 5 4 3 2 1 0
ALRM[15:0]
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 ALRM[15:0] RTC alarm value low
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16. Timer(TIMERX)
Table 16-1. Timers (TIMERX) are divided into five sorts
TIMER TIMERO/7 TIMER1~4 TIMERS8/11 TIMER9/10/12/13 TIMER5/6
TYPE Advanced General-LO General-L1 General-L2 Basic
Prescaler 16-bit 16-bit 16-bit 16-bit 16-bit
Counter 16-bit 16-bit 16-bit 16-bit 16-bit
UP,DOWN, UP,DOWN,
Count mode UP ONLY UP ONLY UP ONLY
Center-aligned Center-aligned
Repetition ° x x x x
CH Capture/
4 4 2 1 0
Compare
Complementary
] X X X X
& Dead-time
Break . x x X X
Single Pulse ) ° ° x °
Quadrature
[ ) [ ] X X X
Decoder
Master-slave
[ ) [ ] [ ) X X
management
Inter TRGO TO
.(1) .(2) .(3) X
connection DAC
DMA . ° x x o4
Debug Mode ° ° ° ° °
(1) TIMERO ITIO: TIMER4_TRGO ITI: TIMER1_TRGO  ITI2: TIMER2_TRGO ITI3: TIMER3_TRGO
TIMER7 ITIO: TIMERO_TRGO ITI: TIMER1_TRGO  ITI2: TIMER3_TRGO ITI3: TIMER4_TRGO
(2) TIMER1 ITIO: TIMERO_TRGO ITI1: refer to note (5)  ITI2: TIMER2_TRGO ITI3: TIMER3_TRGO
TIMER2 ITIO: TIMERO_TRGO ITI1: TIMER1_TRGO  ITI2: TIMER4_TRGO ITI3: TIMER3_TRGO
TIMER3 ITIO: TIMERO_TRGO ITI1: TIMER1_TRGO  ITI2: TIMER2_TRGO ITI3: TIMER7_TRGO
TIMER4 ITIO: TIMER1_TRGO ITI1: TIMER2_TRGO  ITI2: TIMER3_TRGO ITI3: TIMER7_TRGO
(3) TIMERS ITIO: TIMER1_TRGO ITI1: TIMER2_TRGO  ITI2: TIMER9_TRGO ITI3: TIMER10_ TRGO
TIMER11  ITIO: TIMER3_TRGO ITI1: TIMER4_TRGO  ITI2: TIMER12_TRGO ITI3: TIMER13_ TRGO

4) Only update events will generate DMA request. Note that TIMER5/6 do not have DMA configuration
registers.
In connectivity line devices, the source of TIMER1 ITI1 is decided by TIMER1ITI1_REMAP in AFIO port

(5) configuration register 0 (AFIO PCFO0);

In non-connectivity line devices, the source of TIMER1 ITI1 is internally connected to TIMER7_TRGO;
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16.1.

16.1.1.

16.1.2.

Advanced timer (TIMERX, x=0, 7)

Overview

The advanced timer module (Timer0&Timer7) is a four-channel timer that supports both input
capture and output compare. They can generate PWM signals to control motor or be used for
power management applications. The advanced timer has a 16-bit counter that can be used
as an unsigned counter.

In addition, the advanced timers can be programmed and be used for counting, their external
events can be used to drive other timers.

Timer also includes a dead-time Insertion module which is suitable for motor control
applications.

Timer and timer are completely independent with each other, but they may be synchronized
to provide a larger timer with their counters incrementing in unison.

Characteristics

B Total channel num: 4.

B Counter width: 16 bits.

B Source of counter clock is selectable: internal clock, internal trigger, external input,
external trigger.

B Multiple counter modes: count up, count down, count up/down.

B Quadrature Decoder: used to track motion and determine both rotation direction and
position.

B Hall sensor: for 3-phase motor control.

B Programmable prescaler: 16 bits. The factor can be changed on the go.

B Each channel is user-configurable: input capture mode, output compare mode,
programmable PWM mode, single pulse mode

B Programmable dead time insertion.

B Auto reload function.

B Programmable counter repetition function.

B Break input.

B Interrupt output or DMA request on: update, trigger event, compare/capture event,
commutation event and break input.

B Daisy chaining of timer modules allows a single timer to initiate multiple timers.

B Timer synchronization allows selected timers to start counting on the same clock cycle.
B Timer master-slave management.

296



GD32F30x User Manual

GigaDevice

Block diagram

16.1.3.

Figure 16-1. Advanced timer block diagram provides details of the internal configuration of

the advanced timer.

Figure 16-1. Advanced timer block diagram

_ NDIyg
_ _
O €HO q— |oauo0d Ajluejo J0JUOW 300D
_ pue ‘sew indino ‘ndul yeaiq MO
zwuwnw ~&— ‘yoyuasul swnpesp |0uco nding
_ “ alemyos ‘epow Asejuswasjdwog E - wooydeo
NO_HO -— ‘uonezijenul o} Buipiooog T ® b
OTIHO 4——| A : | ] J13]|0u0d S1epdn
pow paxiw pue‘\Ad ‘©Jedwog —»
_ dvOo pue 1030900 1dnusju| Yeauq
NO OHO —— ul sjeubis syndino jo uonessuaf 6 EEE—
O OHO — 21607 1IndinQ > e1epdn pue jos Jaisibey Jdnueuy
Z \ dnusyuy/ Jo)siBa SN gdv
TND XH3NIL + s bai 10811p/us bo. ! Y/ 2ePod ODYHL XHANIL
dN XYINIL -
91 X4INIL > -t _
SHO XHTAWIL [ ... - a9
ZHO XHANIL i9|joquoo yNa [ 1o wo_ww_ g
LHO XY3NIL - _ d
OHO XY3NIL 5Sd |l -¢ lopalep abpy |e——
A SRE Japooa( ajelpend ddlld | yoposjes Aluejog 13
MOV/O3Y VNG 5559 JgUnoD.Ioloajes Jabbu |
h  / y 2160] Jnduy
J0ssao0ud Jebbu | 1966 [eulexg
NOXHO X¥3NIL 48unoy AAAAra HINILTHO
gLl
ziLl
LiLl
oLl
I -t
_ [ NI"€HO
q 1030819 ob6p3 NI"ZHD
Ja|eosald J03}08|8s abp3 19}1 4949 ZIUCIYDUAS iz e M
m/_ 21607 nduy L 1= -t NI"LHO
010
i NITOHO

297



€

GigaDevice

GD32F30x User Manual

16.1.4.

Function overview

Clock source configuration

The advanced timer has the capability of being clocked by either the CK_TIMER or an
alternate clock source controlled by SMC (TIMERx_SMCFG bit [2:0]).

®  SMC [2:0] == 3'b000. Internal clock CK_TIMER is selected as timer clock source which
is from module RCU.

The default clock source is the CK_TIMER for driving the counter prescaler when the SMC
[2:0] == 3'b000. When the CEN is set, the CK_TIMER will be divided by PSC value to
generate PSC_CLK.

In this mode, the TIMER_ CK, which drives counter’s prescaler to count, is equal to
CK_TIMER which is from RCU.

If the SMC [2:0] in the TIMERXx_SMCFG register are setting to an available value including
0x1, 0x2, 0x3 and 0x7, the prescaler is clocked by other clock sources selected by the TRGS
[2:0] in the TIMERx_SMCFG register, details as follows. When the SMC [2:0] bits are set to
0x4, 0x5 or 0x6, the internal clock CK_TIMER is the counter prescaler driving clock source.

Figure 16-2. Timing chart of internal clock divided by 1

CK_TIMER J_|_—|_ —|_—|_—|_

CEN

update event
generate(UPG)

Reload Pulse

Update event (UPE)

I:I

UuuuuyL
(XX oK K oK X

PSC_CLK = TIMER_CK T

O

B SMC [2:0] == 3'b111 (external clock mode 0). External input pin is selected as timer
clock source

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin TIMERx_CHO/TIMERx_CH1. This mode can be
selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x4, 0x5 or 0x6.

And, the counter prescaler can also be driven by rising edge on the internal trigger input pin
ITI0/1/2/3. This mode can be selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x0,
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0x1, 0x2 or 0x3.

B SMC1== 1'b1 (external clock mode 1). External input ETI is selected as timer clock
source (ETI)

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin ETI. This mode can be selected by setting the SMC1
bit in the TIMERXx_SMCFG register to 1. The other way to select the ETI signal as the clock
source is to set the SMC [2:0] to 0x7 and the TRGS [2:0] to 0x7 respectively. Note that the
ETI signal is derived from the ETI pin sampled by a digital filter. When the ETI signal is
selected as clock source, the trigger controller including the edge detection circuitry will
generate a clock pulse on each ETI signal rising edge to clock the counter prescaler.

Clock prescaler

The counter clock (PSC_CK) is obtained by the TIMER_CK through the prescaler, and the
prescale factor can be configured from 1 to 65536 through the prescaler register
(TIMERx_PSC). The new written prescaler value will not take effect until the next update
event.

Figure 16-3. Timing chart of PSC value change from 0 to 2

mwer o< [T UUUTUUUTHUUL

CEN
PSC value o X 2
Prescaler
shadow 0 2

Proscaler ONT ___0 D 0E00E00¢

PSC_CLK

CNT_REG 94 @@ 9'>@>@>< 0 1 2

UPG

Reload Pulse

Counter up counting

In this mode, the counter counts up continuously from 0 to the counter-reload value, which is
defined in the TIMERX_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter will start counting up from 0 again and an overflow event
will be generated. In addition, the update events will be generated after (TIMERx_CREP+1)
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times of overflow events. The counting direction bit DIR in the TIMERx_CTLO register should
be set to 0 for the up counting mode.

Whenever, if the update event software trigger is enabled by setting the UPG bit in the

TIMERx_SWEVG register, the counter value will be initialized to 0 and generates an update

event.

If set the UPDIS bit in TIMERx_CTLO register, the update event is disabled.

When an update event occurs, all the shadow registers (repetition counter, auto reload

register, prescaler register) are updated.

Figure 16-4. Timing chart of up counting mode, PSC=0/2 show some examples of the

counter behavior for different clock prescaler factor when TIMERx_CAR=0x99.

Figure 16-4. Timing chart of up counting mode, PSC=0/2
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Figure 16-5. Timing chart of up counting mode, change TIMERx_CAR on the go

mes ok [T

CEN

PSC_CLK

ARSE =0
MRS € 0600000000,
Update event (UPE) [ ]
Update interrupt flag (UPIF) Hardware set ~ |

Auto-reload register 120 >< 99:
change CAR Vaule

ARSE =1
ONTREG 113 XXX )Xo gedl X X XXX oo X
Update event (UPE) ] _|_
Update interrupt flag (UPIF) Hardware set \—|A/S°ﬂware clear \_Hardwam .
Auto-reload register 120 99
change CAR Vaule
Auto-reload shadow register 120 99

Counter down counting

In this mode, the counter counts down continuously from the counter-reload value, which is
defined in the TIMERx_CAR register, to 0 in a count-down direction. Once the counter
reaches to 0, the counter the counter will start counting down from the counter-reload value
again and an underflow event will be generated. In addition, the update event will be
generated after (TIMERx_CREP+1) times of underflow. The counting direction bit DIR in the
TIMERx_CTLO register should be set to 1 for the down-counting mode.

When the update event is set by the UPG bit in the TIMERx_SWEVG register, the counter
value will be initialized to the counter-reload value and generates an update event.

If set the UPDIS bit in TIMERx_CTLO register, the update event is disabled.

When an update event occurs, all the shadow registers (repetition counter, auto reload
register, prescaler register) are updated.

Figure 16-6. Timing chart of down counting mode, PSC=0/2 show some examples of the
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counter behavior in different clock frequencies when TIMERx_CAR=0x99.

Figure 16-6. Timing chart of down counting mode, PSC=0/2
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Figure 16-7. Timing chart of down counting mode, change TIMERx_CAR on the go
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Counter center-aligned counting

In this mode, the counter counts up from 0 to the counter-reload value and then counts down
to 0 alternatively. The Timer module generates an overflow event when the counter counts to
the counter-reload value subtract 1 in the up-counting direction and generates an underflow
event when the counter counts to 1 in the down-counting direction. The counting direction bit
DIR in the TIMERx_CTLO register is read-only and indicates the counting direction when in
the center-aligned mode.

Setting the UPG bit in the TIMERx_SWEVG register will initialize the counter value to 0 and
generates an update event irrespective of whether the counter is counting up or down in the
center-align counting mode.

The UPIF bit in the TIMERX_INTF register can be set to 1 either when an underflow event or
an overflow event occurs. While the CHxIF bit is associated with the value of CAM in
TIMERx_CTLO. The details refer to Figure 16-8. Center-aligned counter timechart

If set the UPDIS bit in the TIMERx_CTLO register, the update event is disabled.

When an update event occurs, all the shadow registers (repetition counter, auto-reload
register, prescaler register) are updated.

Figure 16-8. Center-aligned counter timechart show some examples of the counter
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behavior when TIMERx_CAR=0x99. TIMERx_PSC=0x0

Figure 16-8. Center-aligned counter timechart
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Update event (from overflow/underflow) rate configuration

The rate of update events generation (from overflow and underflow events) can be configured
by the TIMERx _CREP register. Counter repetition is used to generator update event or
updates the timer registers only after a given number (N+1) of cycles of the counter, where N
is CREP in TIMERx_CREP register. The repetition counter is decremented at each counter
overflow (does not exist in down counting mode) and underflow (does not exist in up counting
mode).

Setting the UPG bit in the TIMERx_SWEVG register will reload the content of CREP in
TIMERx_CREP register and generator an update event.

The new written CREP value will not take effect until the next update event. When the value
of CREP is odd, and the counter is counting in center-aligned mode, the update event is
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generated (on overflow or underflow) depending on when the written CREP value takes effect.
If an update event is generated by software after writing an odd number to CREP, the update
events will be generated on the underflow. If the next update event occurs on overflow after
writing an odd number to CREP, then the subsequent update events will be generated on the
overflow.

Figure 16-9. Repetition timechart for center-aligned counter
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Figure 16-10. Repetition timechart for up-counter
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Figure 16-11. Repetition timechart for down-counter

wen.c_[1 [1MUTULUUUL

uuyuy

Uuuyuuuyuy

UUUUuuy

CEN |

PSC_CLK
CNT_REG 3 @@G

Underflow

uuyuy

UUiryurivyuuiyudy

Overflow

TIMERx_CREP = 0x0

UPIF

-

TIMERx_CREP = 0x1
UPIF

e

.

[ S

TIMERx_CREP = 0x2
UPIF

e

Input capture and output compare channels

The advanced timer has four independent channels which can be used as capture inputs or
compare match outputs. Each channel is built around a channel capture compare register

including an input stage, channel controller and an output stage.

B Channel input capture function

Channel input capture function allows the channel to perform measurements such as pulse

timing, frequency, period, duty cycle and so on. The input stage consists of a digital filter, a

channel polarity selection, edge detection and a channel prescaler. When a selected edge

occurs on the channel input, the current value of the counter is captured into the
TIMERx_CHXxCYV register, at the same time the CHXxIF bit is set and the channel interrupt is

generated if enabled by CHxIE = 1.
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Figure 16-12. Channel input capture principle
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One of channels’ input signals (CIx) can be chosen from the TIMERx_CHx signal or the
Excusive-OR function of the TIMERx_CHO, TIMERx_CH1 and TIMERx_CHZ2 signals. First,
the channel input signal (CIx) is synchronized to TIMER_CK domain, and then sampled by a
digital filter to generate a filtered input signal. Then through the edge detector, the rising and
falling edge are detected. You can select one of them by CHxP. One more selector is for the
other channel and trig, controlled by CHxMS. The IC_prescaler make several the input event
generate one effective capture event. On the capture event, TIMERx_CHxCV will restore the
value of counter.

So the process can be divided to several steps as below:
Step1: Filter configuration. (CHXCAPFLT in TIMERx_CHCTLO)

Based on the input signal and requested signal quality, configure compatible
CHxCAPFLT.

Step2: Edge selection. (CHxP/CHxNP in TIMERx_CHCTL2)
Rising or falling edge, choose one by CHxP/CHXxNP.

Step3: Capture source selection. (CHxMS in TIMERx_CHCTLO)
As soon as you select one input capture source by CHxMS, you have set the channel
to input mode (CHxMS! =0x0) and TIMERx_CHxCV cannot be written any more.

Step4: Interrupt enable. (CHxIE and CHxDEN in TIMERx_DMAINTEN)
Enable the related interrupt enable; you can got the interrupt and DMA request.

Step5: Capture enables. (CHXEN in TIMERx_CHCTL2)
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Result: when you wanted input signal is got, TIMERx_CHxCV will be set by counter’s value.
And CHXxIF is asserted. If the CHxIF is high, the CHxOF will be asserted also. The interrupt
and DMA request will be asserted based on the configuration of CHxIE and CHxDEN in
TIMERx_DMAINTEN

Direct generation: if you want to generate a DMA request or Interrupt, you can set CHxG by
software directly.

The channel input capture function can be also used for pulse width measurement from
signals on the TIMERx_CHx pins. For example, PWM signal connect to CIO input. Select
channel 0 capture signals to CI0O by setting CHOMS to 2’b01 in the channel control register
(TIMERx_CHCTLO) and set capture on rising edge. Select channel 1 capture signal to CIO by
setting CH1MS to 2'b10 in the channel control register (TIMERx_CHCTLO) and set capture
on falling edge. The counter set to restart mode and restart on channel 0 rising edge. Then
the TIMERX_CHOCV can measure the PWM period and the TIMERx_CH1CV can measure
the PWM duty.

Channel output compare function

In output compare mode, the TIMERXx can generate timed pulses with programmable position,
polarity, duration and frequency. When the counter matches the value in the TIMERXx_CHxCV
register of an output compare channel, the channel (n) output can be set, cleared, or toggled
based on CHXCOMCTL. When the counter reaches the value in the TIMERx_CHXxCV register,
the CHXxIF bit is set and the channel (n) interrupt is generated if CHxIE = 1. And the DMA
request will be assert, if CxCDE=1.

So the process can be divided to several steps as below:
Step1: Clock Configuration. Such as clock source, clock prescaler and so on.

Step2: Compare mode configuration.
* Set the shadow enable mode by CHXCOMSEN
* Set the output mode (Set/Clear/Toggle) by CHXCOMCTL.
* Select the active high polarity by CHxP/CHxNP
* Enable the output by CHXEN

Step3: Interrupt/DMA-request enables configuration by CHxIE/CxCDE

Step4: Compare output timing configuration by TIMERx_CAR and TIMERx_CHxCV
About the TIMERXx_CHXxCV; you can change it on the go to meet the waveform you
expected.

Step5: Start the counter by CEN.

The timechart below show the three compare modes toggle/set/clear. CAR=0x63,
CHxVAL=0x3
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Figure 16-13. Output-compare under three modes
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Output PWM function

In the output PWM function (by setting the CHxCOMCTL bits to 3’'b110 (PWM mode0) or to
3b 1M11(PWM mode1), the channel can generate PWM waveform according to the
TIMERx_CAR registers and TIMERx_CHXxCV registers.

Based on the counter mode, we can also divide PWM into EAPWM (Edge aligned PWM) and
CAPWM (Centre aligned PWM).

The EAPWM period is determined by TIMERx_CAR and duty cycle is determined by
TIMERx_CHXxCV. Figure 16-14. EAPWM timechart shows the EAPWM output and interrupts
waveform.

The CAPWM period is determined by 2*TIMERx CAR, and duty cycle is by
2*TIMERx_CHxCV. Figure 16-15. CAPWM timechart shows the CAPWM output and
interrupts waveform.

If TIMERx_CHXxCYV is greater than TIMERx_CAR, the output will be always active under PWM
mode0 (CHxCOMCTL==3'b110).

And if TIMERx_CHxCYV is equal to zero, the output will be always inactive under PWM mode0
(CHXxCOMCTL==3'b110).
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Figure 16-14. EAPWM timechart
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Figure 16-15. CAPWM timechart
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Channel output prepare signal

When the TIMERX is used in the compare match output mode, the OxCPRE signal (Channel
x Output prepare signal) is defined by setting the CHxCOMCTL filed. The OxCPRE signal has
several types of output function. These include, keeping the original level by setting the
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CHxCOMCTL field to 0x00, set to 1 by setting the CHxCOMCTL field to 0x01, set to 0 by
setting the CHxCOMCTL field to 0x02 or signal toggle by setting the CHxCOMCTL field to
0x03 when the counter value matches the content of the TIMERx_CHXxCYV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
is setup by setting the CHxCOMCTL field to 0x06/0x07. In these modes, the OxCPRE signal
level is changed according to the counting direction and the relationship between the counter
value and the TIMERx_CHxCV content. With regard to a more detail description refer to the
relative bit definition.

Another special function of the OxCPRE signal is a forced output which can be achieved by
setting the CHxCOMCTL field to 0x04/0x05. Here the output can be forced to an
inactive/active level irrespective of the comparison condition between the counter and the
TIMERx_CHXxCYV values.

The OxCPRE signal can be forced to 0 when the ETIFE signal is derived from the external
ETI pin and when it is set to a high level by setting the CHXCOMCEN bit to 1 in the
TIMERx_CHCTLO register. The OxCPRE signal will not return to its active level until the next
update event occurs.

Channel output complementary PWM

Function of complementary is for a pair of CHx_O and CHx_ON. Those two output signals
cannot be active at the same time. The TIMERXx has 4 channels, but only the first three
channels have this function. The complementary signals CHx_O and CHx_ON are controlled
by a group of parameters: the CHXEN and CHxNEN bits in the TIMERx_CHCTL2 register
and the POEN, ROS, 108, ISOx and ISOxN bits in the TIMERx_CCHP and TIMERx_CTL1
registers. The outputs polarity is determined by CHxP and CHxNP bits in the
TIMERx_CHCTL2 register.
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Table 16-2. Complementary outputs controlled by parameters

Complementary Parameters Output Status
POEN |ROS |IOS |CHxEN |CHxNEN CHx_O CHx_ON
0 CHx_O/CHx_ON = LOW
0 CHx_O / CHx_ON output disable.
1 CHx_O = CHxP CHx_ON = CHxNP
0
0 CHx_O/CHx_ON output disable.
1 If clock is enable:
1
CHx_O =1SOx CHx_ON =ISOxN
0 0/1
0 CHx_O = CHxP CHx_ON = CHxNP
0 CHx_O/CHx_ON output disable.
1 CHx_O = CHxP CHx_ON = CHxNP
1
0 CHx_O/CHx_ON output enable.
1 If clock is enable:
1
CHx_O =1SOx CHx_ON = ISOxN
0 CHx_O/CHx_ON = LOW
CHx_O/CHx_ON output disable.
0
] CHx_O =LOW CHx_ON=0OxCPRE@®CHxNP
CHx_O output disable. CHx_ON output enable
0
0 CHx_O=OxCPRE®CHxP |CHx_ON =LOW
CHx_O output enable CHx_ON output disable.
1
] CHx_O=0OxCPRE®CHxP  |CHx_ON=(!OxCPRE)®CHxNP
CHx_O output enable CHx_ON output enable
1 0/1
0 CHx_O = CHxP CHx_ON = CHxNP
CHx_O output disable. CHx_ON output disable.
0
] CHx_O = CHxP CHx_ON=0OxCPRE®CHxNP
CHx_O output enable CHx_ON output enable
1
0 CHx_O=0OxCPRE®CHxP  |CHx_ON = CHxNP
CHx_O output enable CHx_ON output enable.
1
1 CHx_O=OxCPRE®CHxP |CHx_ON=('OxCPRE)®CHxNP
CHx_O output enable CHx_ON output enable.
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Insertion dead time for complementary PWM

The dead time insertion is enabled when both CHXEN and CHxNEN are 1°’b1, and set POEN
is also necessary. The field named DTCFG defines the dead time delay that can be used for
all channels expect for channel 3. The detail about the delay time, refer to the register
TIMERx_CCHP.

The dead time delay insertion ensures that no two complementary signals drive the active
state at the same time.

When the channel (x) match (TIMERx counter = CHxVAL) occurs, OxCPRE will be toggled
because under PWMO mode. At point A in the Figure 16-16. Complementary output with

dead-time insertion. CHx_O signal remains at the low value until the end of the deadtime

delay, while CHx_ON will be cleared at once. Similarly, At point B when counter match
(counter = CHxVAL) occurs again, OxCPRE is cleared, CHx_O signal will be cleared at once,
while CHx_ON signal remains at the low value until the end of the dead time delay.

Sometimes, we can see corner cases about the dead time insertion. For example:

The dead time delay is greater than or equal to the CHx_O duty cycle, then the CHx_O signal
is always the inactive value. (As show in the Figure 16-16. Complementary output with

dead-time insertion. )

® The dead time delay is greater than or equal to the CHx_ON duty cycle, then the
CHx_ON signal is always the inactive value.

Figure 16-16. Complementary output with dead-time insertion.
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Break mode

In this mode, the output CHx_O and CHx_ON are controlled by the POEN, IOS and ROS bits
in the TIMERx_CCHP register, ISOx and ISOxN bits in the TIMERx_CTL1 register and cannot
be set both to active level when break occurs. The break sources are input break pin and
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HXTAL stuck event by Clock Monitor (CKM) in RCU. The break function enabled by setting
the BRKEN bit in the TIMERx_CCHP register. The break input polarity is setting by the BRKP
bit in TIMERx_CCHP.

When a break occurs, the POEN bit is cleared asynchronously, the output CHx_O and
CHx_ON are driven with the level programmed in the ISOx bit and ISOxN in the
TIMERx_CTLA1 register as soon as POEN is 0. If IOS is 0 then the timer releases the enable
output else the enable output remains high. The complementary outputs are first put in reset
state, and then the dead-time generator is reactivated in order to drive the outputs with the
level programmed in the ISOx and ISOxN bits after a dead-time.

When a break occurs, the BRKIF bit in the TIMERX_INTF register is set. If BRKIE is 1, an
interrupt generated.

Figure 16-17. Output behavior in response to a break(The break high active)

BRKIN
OxCPRE
CHXEN:1 CHxNEN:1 | CHx_O < 1S0x |
CHxP :0 CHxNP :0
ISOX = ~ISOxN CHx_ON = TS0xN |
CHXEN: 1 CHXNEN:0 | CHx O = 180x |
CHxP:0 CHxNP :0
ISOx = ~ISOxN CHx_ON ~1SOxN |

CHXEN: 1 CHxXNEN: 0 CHx_O
CHxP :0 CHxNP :0
ISOx = ISOxN CHx_ON

Quadrature decoder

The quadrature decoder function uses two quadrature inputs CIOFEO and CI1FE1 derived
from the TIMERx_CHO and TIMERx_CH1 pins respectively to interact to control the counter
value. The DIR bit is modified during each input source transition. The counter can be
changed by the edges of CIOFEO only, CI1FE1 only or both CIOFEO and CI1FE1, the selection
mode by setting the SMC[2:0] to 0x01, 0x02 or 0x03. The mechanism for changing the
counter direction is shown in Table 16-3. Counting direction in different quadrature
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decoder mode. The quadrature decoder can be regarded as an external clock with a
directional selection. This means that the counter counts continuously in the interval between
0 and the counter-period value. Therefore, TIMERx_CAR register must be configured before
the counter starts to count.

Table 16-3. Counting direction in different quadrature decoder mode

CIOFEO CHFE1
Counting mode Level
Rising | Falling | Rising | Falling
Quadrature decoder mode 0 CHMFE1=1 Down Up - -
SMC[2:0]=3'b001 CHMFE1=0 Up Down - -
Quadrature decoder mode 1 CIOFEO=1 - - Up Down
SMC [2:0]=3'b010 CIOFEO=0 - - Down Up
CHFE1=1 Down Up X X
Quadrature decoder mode 2 CHMFE1=0 Up Down X X
SMC [2:0]=3'b011 CIOFEO=1 X X Up Down
CIOFEO=0 X X Down Up

Note:"-" means "no counting", "X" means impossible. 0" means “low level”, "1” means “high
level”.

Figure 16-18. Counter behavior with CIOFEO polarity non-inverted in mode 2
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Figure 16-19. Counter behavior with CIOFEOQ polarity inverted in mode 2
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Hall sensor function

Hall sensor is generally used to control BLDC Motor; the timers can support this function.

Figure 16-20. Hall sensor is used to BLDC motor show how to connect. And we can see
we need two timers. First TIMER in (Advanced/General LO TIMER) should accept three
HALL sensor signals.

Each of the three input of HALL sensors provides a pulse that applied to an input capture pin,
can then be analyzed and both speed and position can be deduced.

By the internal connection such as TRGO-ITIx, TIMER _in and TIMER_out can be connected.
TIMER_out will generate PWM signal to control BLDC motor’s speed based on the ITRx.
Then, the feedback circuit is finished, also you change configuration to fit your request.

About the TIMER in, it need have input XOR function, so you can choose from
Advanced/General LO TIMER.

And TIMER out need have functions of complementary and Dead-time, so only advanced
timer can be chosen. Else, based on the timers’ internal connection relationship, pair’s timers
can be selected. For example:

TIMER _in (TIMERO) -> TIMER _out (TIMER?7 ITIO)
TIMER _in (TIMER1) -> TIMER _out (TIMERO ITI1)
And so on.

After getting appropriate timers combination, and wire connection, we need to configure
timers. Some key settings include:

Enable XOR by setting TIOS, then, each of input signal change will make the CIO toggle.
CHOVAL will record the value of counter at that moment.

Enable ITIx connected to commutation function directly by setting CCUC and CCSE.
Configuration PWM parameter based on your request.

Figure 16-20. Hall sensor is used to BLDC motor
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Figure 16-21. Hall sensor timing between two timers

Advanced/General LO TIMER_in under input capture mode

CHO_IN

CH1_IN | [ |

CH2_IN | | |

S B B

Counter

/
croa X va Xvb X ve X X X X X XD

Advanced TIMER_out under output compare mode(PWM with Dead-time)

CHO_O
CHO_ON

cH2_0 4|—| |—|
CH2_ON —I |—|

Master-slave management

The TIMERX can be synchronized with a trigger in several modes including the restart mode,
the pause mode and the event mode which is selected by the SMC[2:0] in the
TIMERx_SMCFG register. The trigger input of these modes can be selected by the TRGS

[2:0] in the TIMERx_SMCFG register.
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Table 16-4. Examples of slave mode

Mode Selection Source Polarity Selection Filter and Prescaler
Selection
TRGS[2:0] i
LIST SMC[2:0] 000: [TIO If you choose the CIOFEO or{For the ITIx no filter and
’ CIMFE1, configure the CHxP|prescaler can be used.
3'b100  (restart|001: ITI1 )
and CHxNP for the polarity . )
mode) 010: ITI2 ) ] ) For the CIx, configure Filter
selection and inversion.
011: ITI3 by  CHxCAPFLT, no
3'b101 (pause
de) 100: CIOF_ED If you choose the ETIF,|prescaler can be used.
mode
101: CIOFEO configure the ETP for i
) ) For the ETIF, configure
3'b110 (event|110: CHMFE1 polarity selection and| .
. ; Filter by ETFC and
mode) 111: ETIFP inversion.
Prescaler by ETPSC.
TRGS[2:0]=3'b00
Exam1 |Restart mode - -
For ITI0, no polarity selector i
For the ITIO, no filter and
The counter can . can be used.
ITIO is the prescaler can be used.
be clear and .
selection.
restart when a
rising trigger
input.
Figure 16-22. Restart mode
TIMER_CK —|_
CEN
CNT_REG o X 95X 96X 97X 98X 99X 0 X 1 2>@<Z (o X 1X2)
UPIF |
ITIO |_
Internal sync delay
TRGIF - L
Exam2 |Pause mode TI0S=0. (Non-xor) Filter is bypass in this
TRGS[2:0]=3'b10
1 [CHONP==0, CHOP==0] example.
The counter can no inverted. Capture will be
be paused when|CIOFEO is the|sensitive to the rising edge
the trigger input is|selection. only.
low.
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Mode Selection
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Figure 16-23. Pause mode
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Figure 16-24. Event mode
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Single pulse mode

Single pulse mode is opposite to the repetitive mode, which can be enabled by setting SPM
in TIMERx_CTLO. When you set SPM, the counter will be clear and stop when the next update
event. In order to get pulse waveform, you can set the TIMERx to PWM mode or compare by
CHxCOMCTL.

Once the timer is set to operate in the single pulse mode, it is not necessary to set the timer
enable bit CEN in the TIMERx_CTLO register to 1 to enable the counter. The trigger to
generate a pulse can be sourced from the trigger signals edge or by setting the CEN bit to 1
using software. Setting the CEN bit to 1 or a trigger from the trigger signals edge can generate
a pulse and then keep the CEN bit at a high state until the update event occurs or the CEN
bit is written to 0 by software. If the CEN bit is cleared to 0 using software, the counter will be
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stopped and its value held.

In the single pulse mode, the trigger active edge which sets the CEN bit to 1 will enable the
counter. However, there exist several clock delays to perform the comparison result between
the counter value and the TIMERx_CHXxCV value. In order to reduce the delay to a minimum
value, the user can set the CHXCOMFEN bit in each TIMERx_CHCTLO/1 register. After a
trigger rising occurs in the single pulse mode, the OxCPRE signal will immediately be forced
to the state which the OxCPRE signal will change to, as the compare match event occurs
without taking the comparison result into account. The CHxCOMFEN bit is available only
when the output channel is configured to operate in the PWMO or PWM1 output mode and
the trigger source is derived from the trigger signal.

Figure 16-25. Single pulse mode TIMERx CHxCV = 4 TIMERx CAR=99 shows an
example.

Figure 16-25. Single pulse mode TIMERx_CHxCV = 4 TIMERx_CAR=99
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Timers interconnection

Timer can be configured as interconnection, that is, one timer which operate in the master
mode outputs TRGO signal to control another timer which operate in the slave mode, TRGO
include reset evevt, start evevt, update evevt, capture/compare pulse evevt, compare evevt.
slave timer received the ITIx and performs the corresponding mode, include internal clock
mode, quadrature decoder mode, restart mode, pause mode, event mode, external clock
mode.

Figure 16-26. Timer0 master/slave_mode timer example shows the timerQ trigger

selection when it is configured in slave mode.
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Figure 16-26. Timer0 master/slave mode timer example
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Other interconnection examples:

Timer 2 as prescaler for timer 0

We configure Timer2 as a prescaler for Timer 0. Refer to Figure 16-26. Timer0Q

master/slave mode timer example for connections. Do as bellow:

1.

Configure Timer2 in master mode and select its update event (UPE) as trigger output
(MMC=3'b010 in the TIMER2_CTL1 register). Then timer2 drives a periodic signal on
each counter overflow.

Configure the Timer2 period (TIMER2_CAR registers).

Select the Timer0 input trigger source from Timer2(TRGS=3'b010 in the
TIMERx_SMCFG register).

Configure Timer0 in external clock mode 0 (SMC=3’b111 in TIMERx_SMCFG register).
Start Timer0 by writing ‘1 in the CEN bit (TIMERO_CTLO register).
Start Timer2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

Start timer 0 with timer 2’s Enable/Update signal

First, we enable Timer0O with the enable out of Timer2. Refer to Fiqure 16-27. Triggering

TIMERO with enable signal of TIMER2. TimerO starts counting from its current value on the
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divided internal clock after trigger by timer2 enable output.

When Timer0 receives the trigger signal its CEN bit is set and the counter counts until we

disable timer0. Both counter clock frequencies are divided by 3 by the prescaler compared to
TIMER_CK (fCNT_CLK = fTIMER_CK /3). Do as follow:

1.

Configure Timer2 master mode to send its enable signal as trigger output(MMC=3'b001
in the TIMER2_CTLA1 register)

Configure TimerO to select the input trigger from Timer2 (TRGS=3'b010 in the
TIMERXx_SMCFG register).

Configure Timer0 in event mode (SMC=3’b 110 in TIMERx_SMCFG register).

Start Timer2 by writing 1 in the CEN bit (TIMER2_CTLDO register).

Figure 16-27. Triggering TIMERO with enable signal of TIMER2

TIMER2
TIMER_CK
CEN Q |
CNT_REG 61 62 X 63
TIMERO
TRGIF
ONT REG 1 12 X 13 X 14 ><:

Using an external trigger to start 2 timers synchronously

We configure the start of Timer0 is triggered by the enable of Timer2, and Timer2 is triggered
by its ClI0 input rises edge. To ensure 2 timers start synchronously, Timer2 must be configured

in Master/Slave mode. Do as follow:

1.

5.

Configure Timer2 slave mode to get the input trigger from CI0 (TRGS=3’b100 in the
TIMER2_SMCFG register).

Configure Timer2 in event mode (SMC=3'b110 in the TIMER2_SMCFG register).

Configure the Timer2 in Master/Slave mode by writing MSM=1 (TIMER2_SMCFG
register).

Configure Timer0 to get the input trigger from Timer2 (TRGS=3'b010 in the
TIMERx_SMCFG register).

Configure Timer0 in event mode (SMC=3'b110 in the TIMERO_SMCFG register).

When a rising edge occurs on Timer2'’s CI0, two timer’s counters start counting synchronously

on the internal clock and both TRGIF flags are set.
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Figure 16-28. Triggering TIMERO and TIMER2 with TIMER2’s CI0 input

TIMER2

HuyuuuyuuL

Clo

TRGIF

CEN

CNT_REG 0d 01 X 02 X 03

TIMERO

TRGIF

CEN

CNT_CK

CNT_REG 00 01 X 02 X 03

Timer DMA mode

Timer’'s DMA mode is the function that configures timer’s register by DMA module. The relative
registers are TIMERx_DMACFG and TIMERx_DMATB. Of course, you have to enable a DMA
request which will be asserted by some internal event. When the interrupt event was asserted,
TIMERx will send a request to DMA, which is configured to M2P mode and PADDR is
TIMERx_DMATB, then DMA will access the TIMERx DMATB. In fact, register
TIMERx_DMATB is only a buffer; timer will map the TIMERx_DMATB to an internal register,
appointed by the field of DMATA in TIMERx_DMACFG. If the field of DMATC in
TIMERx_DMACFG is 0(1 transfer), then the timer’'s DMA request is finished. While if
TIMERx_DMATC is not 0, such as 3( 4 transfers), then timer will send 3 more requests to
DMA, and DMA will access timer’s registers DMATA+0x4, DMATA+0x8, DMATA+0xc at the
next 3 accesses to TIMERx_DMATB. In one word, one time DMA internal interrupt event
assert, DMATC+1 times request will be send by TIMERX.

If one more time DMA request event coming, TIMERX will repeat the process as above.

Timer debug mode

When the Cortex®-M4 halted, and the TIMERx_HOLD configuration bitin DBG_CTLO register
is set to 1, the TIMERX counter stops.
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16.1.5. TIMERX registers(x=0, 7)
TIMERO base address: 0x4001 2C00
TIMER7Y base address: 0x4001 3400

Control register 0 (TIMERx_CTLO)

Address offset: 0x00
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 CKDIVI[1:0] ‘ ARSE ‘ CAM[1:0] ‘ DIR ‘ SPM ‘ UPS | UPDIS ‘ CEN ‘
w w w w w w w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9:8 CKDIV[1:0] Clock division

The CKDIV bits can be configured by software to specify division factor between
the CK_TIMER and the dead-time and digital filter sample clock (DTS).

00: fors=fck_TIMER

01: fors= fck_TIMER /2

10: fors= fck_TIMER /4

11: Reserved

7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERx_CAR register is disabled
1: The shadow register for TIMERx_CAR register is enabled

6:5 CAM[1:0] Counter aligns mode selection
00: No center-aligned mode (edge-aligned mode). The direction of the counter is
specified by the DIR bit.
01: Center-aligned and counting down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERx_CHCTLDO register). Only when counting down, CHxF bit can be set.
10: Center-aligned and counting up assert mode. The counter counts under center-
aligned and channel is configured in output mode (CHxMS=00 in TIMERx_CHCTLO
register). Only when counting up, CHxF bit can be set.
11: Center-aligned and counting up/down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERx_CHCTLDO register). Both when counting up and counting down, CHxF bit
can be set.

After the counter is enabled, cannot be switched from 0x00 to non 0x00.
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4 DIR Direction
0: Count up

1: Count down

If the timer work in center-aligned mode or encoder mode, this bit is read only.

3 SPM Single pulse mode.
0: Single pulse mode disable. The counter continues after update event.
1: Single pulse mode enable. The counter counts until the next update event

occurs.

2 UPS Update source
This bit is used to select the update event sources by software.
0: These events generate update interrupts or DMA requests:
The UPG bit is set
The counter generates an overflow or underflow event
The restart mode generates an update event.
1: This event generates update interrupts or DMA requests:

The counter generates an overflow or underflow event

1 UPDIS Update disable.
This bit is used to enable or disable the update event generation.
0: Update event enable. When an update event occurs, the corresponding shadow
registers are loaded with their preloaded values. These events generate update
event:
The UPG bit is set
The counter generates an overflow or underflow event
The restart mode generates an update event.
1: Update event disable.
Note: When this bit is set to 1, setting UPG bit or the restart mode does not
generate an update event, but the counter and prescaler are initialized.

0 CEN Counter enable
0: Counter disable
1: Counter enable
The CEN bit must be set by software when timer works in external clock, pause

mode and encoder mode.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
Reset value: 0x0000

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

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

Reserved Reserved

1ISO3 ‘ ISO2N ‘ 1SO2 ‘ ISO1N ‘ 1SO1 ‘ ISOON ‘ 1ISO0 ‘ TIOS ’ MMC[2:0] ’ DMAS ‘ Ccuc

CCSE ‘
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w w w w w w w w w w w w
Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14 ISO3 Idle state of channel 3 output

Refer to ISOO0 bit

13 ISO2N Idle state of channel 2 complementary output
Refer to ISOON bit

12 1ISO2 Idle state of channel 2 output
Refer to ISOO bit

11 ISO1N Idle state of channel 1 complementary output
Refer to ISOON bit

10 ISO1 Idle state of channel 1 output
Refer to ISOO bit

9 ISOON Idle state of channel 0 complementary output
0: When POEN bit is reset, CHO_ON is set low.
1: When POEN bit is reset, CHO_ON is set high
This bit can be modified only when PROT [1:0] bits in TIMERx_CCHP register is
00.

8 1ISO0 Idle state of channel 0 output
0: When POEN bit is reset, CHO_O is set low.
1: When POEN bit is reset, CHO_O is set high
The CHO_O output changes after a dead-time if CHO_ON is implemented. This bit
can be modified only when PROT [1:0] bits in TIMERx_CCHP register is 00.

7 TIOS Channel 0 trigger input selection
0: The TIMERx_CHO pin input is selected as channel 0 trigger input.
1: The result of combinational XOR of TIMERx_CHO, CH1 and CH2 pins is

selected as channel 0 trigger input.

6:4 MMCJ2:0] Master mode control

These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: When a counter reset event occurs, a TRGO trigger signal is output. The
counter resert source:

Master timer generate a reset

the UPG bit in the TIMERx_SWEVG register is set
001: Enable. When a conter start event occurs, a TRGO trigger signal is output. The
counter start source :

CEN control bit is set

The trigger input in pause mode is high
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010: When an update event occurs, a TRGO trigger signal is output. The update
source depends on UPDIS bit and UPS bit.

011: When a capture or compare pulse event occurs in channel0, a TRGO trigger

signal is output.

100: When a compare event occurs, a TRGO trigger signal is output. The compare
source is from OOCPRE.

101: When a compare event occurs, a TRGO trigger signal is output. The compare
source is from O1CPRE.

110: When a compare event occurs, a TRGO trigger signal is output. The compare
source is from O2CPRE.

111: When a compare event occurs, a TRGO trigger signal is output. The

compare source is from O3CPRE.

3 DMAS DMA request source selection
0: When capture or compare event occurs, the DMA request of channel x is sent
1: When update event occurs, the DMA request of channel x is sent.

2 CCucC Commutation control shadow register update control
When the commutation control shadow enable (for CHXEN, CHXNEN and
CHxCOMCTL bits) are set (CCSE=1), these shadow registers update are
controlled as below:
0: The shadow registers update by when CMTG bit is set.
1: The shadow registers update by when CMTG bit is set or a rising edge of TRGI
occurs.

When a channel does not have a complementary output, this bit has no effect.

1 Reserved Must be kept at reset value.

0 CCSE Commutation control shadow enable
0: The shadow registers for CHXEN, CHXNEN and CHxCOMCTL bits are
disabled.

1: The shadow registers for CHXEN, CHXNEN and CHxCOMCTL bits are enabled.
After these bits have been written, they are updated based when commutation
event coming.

When a channel does not have a complementary output, this bit has no effect.

Slave mode configuration register (TIMERx_SMCFG)

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

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
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‘ ETP l SMC1 l ETPSC[1:0] ETFC[3:0] l MSM | TRGS[2:0] Reserved SMC[2:0]
w w w w w w w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15 ETP External trigger polarity

This bit specifies the polarity of ETI signal
0: ETl is active at rising edge or high level .
1: ETl is active at falling edge or low level .

14 SMCH1 Part of SMC for enable External clock mode1.
In external clock mode 1, the counter is clocked by any active edge on the ETIFP
signal.
0: External clock mode 1 disabled
1: External clock mode 1 enabled.
When the slave mode is configured as restart mode, pause mode or event mode,
the timer can still work in the external clock 1 mode by setting this bit. But the TRGS
bits must not be 3’b111 in this case.
The clock source of the timer will be ETIFP if external clock mode 0 and external
clock mode 1 are configured at the same time.

Note: External clock mode 0 enable is in this register's SMC[2:0] bit-filed.

13:12 ETPSC[1:0] The prescaler of external trigger

The frequency of external trigger signal ETIFP must not be at higher than 1/4 of
TIMER_CK frequency. When the external trigger signal is a fast clock, the prescaler
can be enabled to reduce ETIFP frequency.

00: Prescaler disable.

01: The prescaler is 2.

10: The prescaler is 4.

11: The prescaler is 8.

11:8 ETFC[3:0] External trigger filter control
The external trigger can be filtered by digital filter and this bit-field configure the
filtering capability.
Basic principle of digital filter: continuously sample the external trigger signal
according to fsamp and record the number of times of the same level of the signal.
After reaching the filtering capacity configured by this bit-field, it is considered to be
an effective level.

The filtering capability configuration is as follows:

EXTFC[3:0] Times fsamp
4’b0000 Filter disabled.
4’b0001 2
4’0010 4 fck_TIMER
4’b0011
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6:4

2:0

MSM

TRGS[2:0]

Reserved

SMC[2:0]

4’b0100
4’b0101
4’b0110
4’b0111
4’1000
4'b1001
4'b1010
4'b1011
4'b1100
4'b1101
4’b1110
4'b1111

Master-slave mode

fors_ck/2

fors_ck/4

fors_ck/8

fors_ck/16

fors_ck/32

OO ||| |00 |[00|O ||

This bit can be used to synchronize selected timers to begin counting at the same
time. The TRGI is used as the start event, and through TRGO, timers are connected
together.

0: Master-slave mode disable

1: Master-slave mode enable

Trigger selection

This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.
000: ITI0

001: 1TI1

010: ITI2

011:1TI3

100: CIOF_ED

101: CIOFEOQ

110: CI1FE1

111: ETIFP

These bits must not be changed when slave mode is enabled.
Must be kept at reset value.

Slave mode control

000: Disable mode. The slave mode is disabled; The prescaler is clocked directly
by the internal clock (TIMER_CK) when CEN bit is set high.

001: Quadrature decoder mode 0. The counter counts on CIOFEO edge, while the
direction depends on CI1FE1 level.

010: Quadrature decoder mode 1. The counter counts on CI1FE1 edge, while the
direction depends on CIOFEOQ level.

011: Quadrature decoder mode 2. The counter counts on both CIOFEO and CI1FE1
edge, while the direction depends on each other.

100: Restart mode. The counter is reinitialized and an update event is generated on
the rising edge of the selected trigger input.
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101: Pause mode. The trigger input enables the counter clock when it is high and

disables the counter clock when it is low.
110: Event mode. A rising edge of the trigger input enables the counter.
111: External clock mode 0. The counter counts on the rising edges of the selected

trigger.

DMA and interrupt enable register (TIMERx_DMAINTEN)

Address offset: 0x0C
Reset value: 0x0000

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

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

TRGDEN‘CMTDEN‘CHSDEN‘CHZDEN‘CH'IDEN‘CHODEN‘ UPDEN ‘ BRKIE ‘ TRGIE ‘ CMTIE ‘ CHSIE ‘ CH2IE ‘ CH1IE ’ CHOIE ‘ UPIE ‘

Reserved

w w w w w w w w w w w w w w w

Bits Fields Descriptions

15 Reserved Must be kept at reset value.

14 TRGDEN Trigger DMA request enable
0: disabled

1: enabled

13 CMTDEN Commutation DMA request enable
0: disabled
1: enabled

12 CH3DEN Channel 3 capture/compare DMA request enable
0: disabled

1: enabled

11 CH2DEN Channel 2 capture/compare DMA request enable
0: disabled
1: enabled

10 CH1DEN Channel 1 capture/compare DMA request enable
0: disabled

1: enabled

9 CHODEN Channel 0 capture/compare DMA request enable
0: disabled
1: enabled

8 UPDEN Update DMA request enable
0: disabled

1: enabled
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7 BRKIE Break interrupt enable
0: disabled

1: enabled

6 TRGIE Trigger interrupt enable
0: disabled
1: enabled

5 CMTIE commutation interrupt enable
0: disabled

1: enabled

4 CH3IE Channel 3 capture/compare interrupt enable
0: disabled
1: enabled

3 CH2IE Channel 2 capture/compare interrupt enable
0: disabled

1: enabled

2 CH1IE Channel 1 capture/compare interrupt enable
0: disabled
1: enabled

1 CHOIE Channel 0 capture/compare interrupt enable
0: disabled

1: enabled

0 UPIE Update interrupt enable
0: disabled
1: enabled

Interrupt flag register (TIMERX_INTF)

Address offset: 0x10
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 ‘ CH3O0F ‘ CH20F ‘ CH10F ‘ CHOOF |Reserved | BRKIF ‘ TRGIF ‘ CMTIF ‘ CH3IF ‘ CH2IF ‘ CH1IF ‘ CHOIF ‘ UPIF ‘
rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12 CH3O0F Channel 3 over capture flag

Refer to CHOOF description
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11 CH20F Channel 2 over capture flag
Refer to CHOOF description

10 CH10F Channel 1 over capture flag
Refer to CHOOF description

9 CHOOF Channel 0 over capture flag
When channel 0 is configured in input mode, this flag is set by hardware when a
capture event occurs while CHOIF flag has already been set. This flag is cleared
by software.
0: No over capture interrupt occurred

1: Over capture interrupt occurred
8 Reserved Must be kept at reset value.

7 BRKIF Break interrupt flag
When the break input is inactive, the bit is set by hardware.
When the break input is inactive, the bit can be cleared by software.
0: No active level break has been detected.

1: An active level has been detected.

6 TRGIF Trigger interrupt flag
This flag is set on trigger event and cleared by software. When in pause mode,
both edges on trigger input generates a trigger event, otherwise, only an active
edge on trigger input can generates a trigger event.
0: No trigger event occurred.
1: Trigger interrupt occurred.

5 CMTIF Channel commutation interrupt flag
This flag is set by hardware when channel’s commutation event occurs, and
cleared by software
0: No channel commutation interrupt occurred

1: Channel commutation interrupt occurred

4 CH3IF Channel 3 ‘s capture/compare interrupt flag
Refer to CHOIF description

3 CH2IF Channel 2 ‘s capture/compare interrupt flag
Refer to CHOIF description

2 CH1IF Channel 1 ‘s capture/compare interrupt flag
Refer to CHOIF description

1 CHOIF Channel 0 ‘s capture/compare interrupt flag
This flag is set by hardware and cleared by software. When channel 0 is in input
mode, this flag is set when a capture event occurs. When channel O is in output
mode, this flag is set when a compare event occurs.
If ChannelO is set to input mode, this bit will be reset by reading TIMERx_CHOCV.
0: No Channel 0 interrupt occurred
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1: Channel 0 interrupt occurred

0 UPIF Update interrupt flag
This bit is set by hardware on an update event and cleared by software.
0: No update interrupt occurred
1: Update interrupt occurred

Software event generation register (TIMERx_SWEVG)

Address offset: 0x14
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 ‘ BRKG ‘ TRGG ‘ CMTG ‘ CH3G ‘ CH2G ‘ CH1G | CHOG ‘ UPG ‘
w w w w w w w w
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7 BRKG Break event generation

This bit is set by software and cleared by hardware automatically. When this bit is
set, the POEN bit is cleared and BRKIF flag is set, related interrupt or DMA
transfer can occur if enabled.

0: No generate a break event

1: Generate a break event

6 TRGG Trigger event generation
This bit is set by software and cleared by hardware automatically. When this bit is
set, the TRGIF flag in TIMERX_INTF register is set, related interrupt or DMA
transfer can occur if enabled.
0: No generate a trigger event

1: Generate a trigger event

5 CMTG Channel commutation event generation
This bit is set by software and cleared by hardware automatically. When this bit is
set, channel’s capture/compare control registers (CHXEN, CHXxNEN and
CHxCOMCTL bits) are updated based on the value of CCSE (in the
TIMERx_CTL1).
0: No affect
1: Generate channel’s c/c control update event

4 CH3G Channel 3’s capture or compare event generation
Refer to CHOG description

3 CH2G Channel 2’s capture or compare event generation
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Refer to CHOG description
2 CH1G Channel 1’s capture or compare event generation
Refer to CHOG description
1 CHOG Channel 0’s capture or compare event generation
This bit is set by software in order to generate a capture or compare event in
channel 0, it is automatically cleared by hardware. When this bit is set, the CHOIF
flag is set, the corresponding interrupt or DMA request is sent if enabled. In
addition, if channel 1 is configured in input mode, the current value of the counter
is captured in TIMERx_CHOCYV register, and the CHOOF flag is set if the CHOIF
flag was already high.
0: No generate a channel 1 capture or compare event
1: Generate a channel 1 capture or compare event
0 UPG Update event generation
This bit can be set by software, and cleared by hardware automatically. When this
bit is set, the counter is cleared if the center-aligned or up counting mode is
selected, else (down counting) it takes the auto-reload value. The prescaler
counter is cleared at the same time.
0: No generate an update event
1: Generate an update event
Channel control register 0 (TIMERx_CHCTLO)
Address offset: 0x18
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH1COM CH1COM | CH1COM CHOCOM CHOCOM [CHOCOM
CH1COMCTL[2:0] CHOCOMCTL[2:0]
CEN SEN FEN CH1MSJ[1:0] CEN SEN FEN CHOMSJ[1:0]
CH1CAPFLT[3:0] CH1CAPPSC[1:0] CHOCAPFLTI[3:0] CHOCAPPSC[1:0]
w w w w w w
Output compare mode:
Bits Fields Descriptions
15 CH1COMCEN Channel 1 output compare clear enable
Refer to CHOCOMCEN description
14:12 CH1COMCTLJ[2:0] Channel 1 compare output control
Refer to CHOCOMCTL description
11 CH1COMSEN Channel 1 output compare shadow enable
Refer to CHOCOMSEN description
10 CH1COMFEN Channel 1 output compare fast enable
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9:8

6:4

CH1MS[1:0]

CHOCOMCEN

CHOCOMCTL[2:0]

CHOCOMSEN

Refer to CHOCOMFEN description

Channel 1 mode selection

This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH1EN bit in
TIMERx_CHCTLZ2 register is reset).

00: Channel 1 is programmed as output mode

01: Channel 1 is programmed as input mode, IS1 is connected to CI1FE1

10: Channel 1 is programmed as input mode, 1S1 is connected to CIOFE1

11: Channel 1 is programmed as input mode, 1S1 is connected to ITS.

Note: When CH1MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Channel 0 output compare clear enable.

When this bit is set, if the ETIFP signal is detected as high level, the OOCPRE signal
will be cleared.

0: Channel 0 output compare clear disable

1: Channel 0 output compare clear enable

Channel 0 compare output control

This bit-field specifies the compare output mode of the the output prepare signal
OO0CPRE. In addition, the high level of OOCPRE is the active level, and CHO_O and
CHO_ON channels polarity depends on CHOP and CHONP bits.

000: Timing mode. The OOCPRE signal keeps stable, independent of the
comparison between the register TIMERx_CHOCYV and the counter TIMERx_CNT.
001: Set the channel output. OOCPRE signal is forced high when the counter is
equals to the output compare register TIMERx_CHOCV.

010: Clear the channel output. OOCPRE signal is forced low when the counter is
equals to the output compare register TIMERx_CHOCV.

011: Toggle on match. OOCPRE toggles when the counter is equals to the output
compare register TIMERx_CHOCYV.

100: Force low. OOCPRE is forced to low level.

101: Force high. OOCPRE is forced to high level.

110: PWM mode0. When counting up, OOCPRE is high when the counter is smaller
than TIMERx_CHOCV, and low otherwise. When counting down, O0OCPRE is low
when the counter is larger than TIMERx_CHOCYV, and high otherwise.

111: PWM mode1. When counting up, OOCPRE is low when the counter is smaller
than TIMERx_CHOCV, and high otherwise. When counting down, OOCPRE is high
when the counter is larger than TIMERx_CHOCYV, and low otherwise.

If configured in PWM mode, the O0OCPRE level changes only when the output
compare mode is adjusted from “Timing” mode to “PWM” mode or the comparison
result changes.

This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00(COMPARE MODE).

Channel 0 compare output shadow enable
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1:0

Bits

CHOCOMFEN

CHOMS[1:0]

Input capture mode:

Fields

When this bit is set, the shadow register of TIMERx_CHOCYV register, which updates
at each update event, will be enabled.

0: Channel 0 output compare shadow disable

1: Channel 0 output compare shadow enable

The PWM mode can be used without verifying the shadow register only in single
pulse mode (when SPM=1)

This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00.

Channel 0 output compare fast enable

When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWMO or
PWM1 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CHO_O is set to the compare level independently from the
result of the comparison.

0: Channel 0 output quickly compare disable.

1: Channel 0 output quickly compare enable.

Channel 0 I/O mode selection

This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CHOEN bit in
TIMERx_CHCTL2 register is reset).).

00: Channel 0 is programmed as output mode

01: Channel 0 is programmed as input mode, 1S0 is connected to CIOFEOQ

10: Channel 0 is programmed as input mode, 1S0 is connected to CI1FEOQ

11: Channel 0 is programmed as input mode, 1S0 is connected to ITS

Note: When CHOMS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Descriptions

15:12

11:10

9:8

7:4

CH1CAPFLT[3:0]

CH1CAPPSC[1:0]

CH1MS[1:0]

CHOCAPFLT[3:0]

Channel 1 input capture filter control
Refer to CHOCAPFLT description

Channel 1 input capture prescaler
Refer to CHOCAPPSC description

Channel 1 mode selection
Same as Output compare mode

Channel 0 input capture filter control

The CIO input signal can be filtered by digital filter and this bit-field configure the

filtering capability.

Basic principle of digital filter: continuously sample the CIO input signal according to

fsamp and record the number of times of the same level of the signal. After reaching

the filtering capacity configured by this bit, it is considered to be an effective level.
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The filtering capability configuration is as follows:
CHOCAPFLT [3:0] Times | fsawp
4’b0000 Filter disabled.
4’b0001
4’b0010
4’b0011
4’b0100
4’b0101
4’b0110
4’b0111
4’1000
4’b1001
4’b1010
4’b1011
4’b1100
4’b1101
4b1110
4b1111
3:2 CHOCAPPSCI1:0] Channel 0 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler
is reset when CHOEN bit in TIMERx_CHCTL2 register is clear.
00: Prescaler disable, input capture occurs on every channel input edge

fck_TIMER

fors/2

fors/4

fors/8

fors/16

fors/32

OO ||| ||| [0 |NN

01: The input capture occurs on every 2 channel input edges
10: The input capture occurs on every 4 channel input edges
11: The input capture occurs on every 8 channel input edges

1:0 CHOMS[1:0] Channel 0 mode selection

Same as Output compare mode

Channel control register 1 (TIMERx_CHCTL1)

Address offset: 0x1C
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
CH3COM CH3COM | CH3COM CH2COM CH2COM [CH2COM
CH3COMCTLI[2:0] CH2COMCTL[2:0]
CEN SEN FEN CH3MSJ[1:0] CEN SEN FEN CH2MSJ[1:0]
CH3CAPFLT[3:0] CH3CAPPSCI1:0] CH2CAPFLT[3:0] CH2CAPPSC[1:0]
w w w w w w

Output compare mode:

Bits Fields Descriptions

15 CH3COMCEN Channel 3 output compare clear enable
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14:12

11

10

9:8

6:4

CH3COMCTL[2:0]

CH3COMSEN

CH3COMFEN

CH3MS[1:0]

CH2COMCEN

CH2COMCTL[2:0]

Refer to CHOCOMCEN description

Channel 3 compare output control
Refer to CHOCOMCTL description

Channel 3 output compare shadow enable
Refer to CHOCOMSEN description

Channel 3 output compare fast enable
Refer to CHOCOMFEN description

Channel 3 mode selection

This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH3EN bit in
TIMERx_CHCTL2 register is reset).

00: Channel 3 is programmed as output mode

01: Channel 3 is programmed as input mode, 1S3 is connected to CI3FE3

10: Channel 3 is programmed as input mode, 1S3 is connected to CI2FE3

11: Channel 3 is programmed as input mode, 1S3 is connected to ITS.

Note: When CH3MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Channel 2 output compare clear enable.

When this bit is set, if the ETIFP signal is detected as high level, the O2CPRE signal
will be cleared.

0: Channel 2 output compare clear disable

1: Channel 2 output compare clear enable

Channel 2 compare output control

This bit-field specifies the compare output mode of the the output prepare signal

OO0CPRE. In addition, the high level of OOCPRE is the active level, and CHO_O and

CHO_ON channels polarity depends on CHOP and CHONP bits.

000: Timing mode. The O2CPRE signal keeps stable, independent of the

comparison between the output compare register TIMERx_CH2CV and the counter

TIMERx_CNT.

001: Set the channel output. O2CPRE signal is forced high when the counter is

equals to the output compare register TIMERx_CH2CV.

010: Clear the channel output. O2CPRE signal is forced low when the counter is

equals to the output compare register TIMERx_CH2CV.

011: Toggle on match. O2CPRE toggles when the counter is equals to the output

compare register TIMERx_CH2CV.

100: Force low. O2CPRE is forced to low level.

101: Force high. O2CPRE is forced to high level.

110: PWM mode 0. When counting up, O2CPRE is high when the counter is smaller

than TIMERx_CH2CV, and low otherwise. When counting down, O2CPRE is low

when the counter is larger than TIMERx_CH2CV, and high otherwise.

111: PWM mode 1. When counting up, O2CPRE is low when the counter is smaller
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than TIMERx_CH2CV, and high otherwise. When counting down, O2CPRE is high
when the counter is larger than TIMERx_CH2CV, and low otherwise.
If configured in PWM mode, the O2CPRE level changes only when the output
compare mode is adjusted from “Timing” mode to “PWM” mode or the comparison
result changes.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CH2MS bit-filed is 00(COMPARE MODE).

3 CH2COMSEN Channel 2 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CH2CV register, which updates
at each update event will be enabled.
0: Channel 2 output compare shadow disable
1: Channel 2 output compare shadow enable
The PWM mode can be used without verifying the shadow register only in single
pulse mode (when SPM=1)
This bit cannot be modified when PROT [1:0] bit-filed in TIMERXx_CCHP register is
11 and CHOMS bit-filed is 00.

2 CH2COMFEN Channel 2 output compare fast enable
When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWM1 or
PWM2 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CH2_O is set to the compare level independently from the
result of the comparison.
0: Channel 2 output quickly compare disable.
1: Channel 2 output quickly compare enable.

1:0 CH2MSI1:0] Channel 2 I/0O mode selection
This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH2EN bit in
TIMERx_CHCTL2 register is reset).).
00: Channel 2 is programmed as output mode
01: Channel 2 is programmed as input mode, 1S2 is connected to CI2FE2
10: Channel 2 is programmed as input mode, 1S2 is connected to CI3FE2
11: Channel 2 is programmed as input mode, 1S2 is connected to ITS.
Note: When CH2MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Input capture mode:

Bits Fields Descriptions

15:12 CH3CAPFLT[3:0] Channel 3 input capture filter control
Refer to CHOCAPFLT description

11:10 CH3CAPPSCI1:0] Channel 3 input capture prescaler

Refer to CHOCAPPSC description
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9:8 CH3MS[1:0] Channel 3 mode selection
Same as Output compare mode
74 CH2CAPFLT[3:0] Channel 2 input capture filter control
The CI2 input signal can be filtered by digital filter and this bit-field configure the
filtering capability.
Basic principle of digital filter: continuously sample the CI2 input signal according to
fsamp and record the number of times of the same level of the signal. After reaching
the filtering capacity configured by this bit, it is considered to be an effective level.
The filtering capability configuration is as follows:
CH2CAPFLT [3:0] Times fsamp
4’b0000 Filter disabled.
4’b0001 2
4’b0010 4 fck_TIMER
4’b0011 8
4’b0100 6
4’b0101 8 fors/2
4’b0110 6
4’b0111 8 fors/
4’b1000 6
4'b1001 8 fors/8
4'b1010 5
4’b1011 6 fors/16
4'b1100 8
4'b1101 5
4'b1110 6 fors/32
4b1111 8
3:2 CH2CAPPSCI1:0] Channel 2 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 2 input. The prescaler
is reset when CH2EN bit in TIMERx_CHCTL2 register is clear.
00: Prescaler disable, input capture occurs on every channel input edge
01: The input capture occurs on every 2 channel input edges
10: The input capture occurs on every 4 channel input edges
11: The input capture occurs on every 8 channel input edges
1:0 CH2MSI1:0] Channel 2 mode selection

Same as Output compare mode

Channel control register 2 (TIMERx_CHCTL2)

Address offset: 0x20
Reset value: 0x0000

This register can be accessed by half-word(16-bit) or word(32-bit)
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | CH3P ‘ CH3EN | CH2NP ‘CHZNENI CH2P ‘ CH2EN | CH1INP |CH1NEN| CH1P ‘ CH1EN | CHONP ‘CHONENI CHOP ‘ CHOEN ‘
w w w w w w w w w w w w w w
Bits Fields Descriptions
15:14 Reserved Must be kept at reset value.
13 CH3P Channel 3 capture/compare function polarity

Refer to CHOP description

12 CH3EN Channel 3 capture/compare function enable
Refer to CHOEN description

11 CH2NP Channel 2 complementary output polarity
Refer to CHONP description

10 CH2NEN Channel 2 complementary output enable
Refer to CHONEN description

9 CH2P Channel 2 capture/compare function polarity
Refer to CHOP description

8 CH2EN Channel 2 capture/compare function enable
Refer to CHOEN description

7 CH1INP Channel 1 complementary output polarity
Refer to CHONP description

6 CH1NEN Channel 1 complementary output enable
Refer to CHONEN description

5 CH1P Channel 1 capture/compare function polarity
Refer to CHOP description

4 CH1EN Channel 1 capture/compare function enable
Refer to CHOEN description

3 CHONP Channel 0 complementary output polarity
When channel 0 is configured in output mode, this bit specifies the complementary
output signal polarity.
0: Channel 0 complementary output high level is active level
1: Channel 0 complementary output low level is active level
When channel 0 is configured in input mode, together with CHOP, this bit is used
to define the polarity of CIO.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 or 10.

2 CHONEN Channel 0 complementary output enable
When channel 0 is configured in output mode, setting this bit enables the

complementary output in channelO.
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0: Channel 0 complementary output disabled

1: Channel 0 complementary output enabled

1 CHOP Channel 0 capture/compare function polarity
When channel 0 is configured in output mode, this bit specifies the output signal
polarity.
0: Channel 0 high level is active level
1: Channel O low level is active level
When channel 0 is configured in input mode, this bit specifies the CIO signal
polarity.
[CHONP, CHOP] will select the active trigger or capture polarity for CIOFEO or
CIMFEO.
[CHONP==0, CHOP==0]: CIXFEOQ'’s rising edge is the active signal for capture or
trigger operation in slave mode. And CIXFEO will not be inverted.
[CHONP==0, CHOP==1]: CIXFEOQ'’s falling edge is the active signal for capture or
trigger operation in slave mode. And CIXFEO will be inverted.
[CHONP==1, CHOP==0]: Reserved.
[CHONP==1, CHOP==1]: Reserved.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 or 10.

0 CHOEN Channel 0 capture/compare function enable
When channel 0 is configured in output mode, setting this bit enables CHO_O
signal in active state. When channel 0 is configured in input mode, setting this bit
enables the capture event in channelO.
0: Channel 0 disabled
1: Channel 0 enabled

Counter register (TIMERx_CNT)

Address offset: 0x24
Reset value: 0x0000

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

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
w
Bits Fields Descriptions
15:0 CNTI[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change

the value of the counter.
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Prescaler register (TIMERx_PSC)
Address offset: 0x28
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
Bits Fields Descriptions
15:0 PSC[15:0] Prescaler value of the counter clock
The TIMER_CK clock is divided by (PSC+1) to generate the counter clock. The
value of this bit-filed will be loaded to the corresponding shadow register at every
update event.
Counter auto reload register (TIMERx_CAR)
Address offset: 0x2C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CARL[15:0]
Bits Fields Descriptions
15:0 CARL[15:0] Counter auto reload value

15

This bit-filed specifies the auto reload value of the counter.
Note: When the timer is configured in input capture mode, this register must be
configured a non-zero value (such as OxFFFF) which is larger than user expected

value.

Counter repetition register (TIMERx_CREP)

Address offset: 0x30
Reset value: 0x0000

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

13 12

11

10 9 8 7 6 5 4 3 2 1 0

Reserved

‘ CREP[7:0]

w
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Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7:0 CREP[7:0] Counter repetition value
This bit-filed specifies the update event generation rate. Each time the repetition
counter counting down to zero, an update event is generated. The update rate of
the shadow registers is also affected by this bit-filed when these shadow registers
are enabled.
Channel 0 capture/compare value register (TIMERx_CHOCYV)
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
CHOVAL[15:0]
w
Bits Fields Descriptions
15:0 CHOVAL[15:0] Capture or compare value of channelO
When channel 0 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.
When channel 0 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the
shadow register updates every update event.
Channel 1 capture/compare value register (TIMERx_CH1CV)
Address offset: 0x38
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH1VAL[15:0]
w
Bits Fields Descriptions
15:0 CH1VAL[15:0] Capture or compare value of channel1

When channel 1 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.
When channel 1 is configured in output mode, this bit-filed contains value to be

compared to the counter. When the corresponding shadow register is enabled, the
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shadow register updates every update event.

Channel 2 capture/compare value register (TIMERx_CH2CV)

Address offset: 0x3C
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH2VAL[15:0]
w
Bits Fields Descriptions
15:0 CH2VAL[15:0] Capture or compare value of channel 2

When channel 2 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.

When channel 2 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Channel 3 capture/compare value register (TIMERx_CH3CV)

Address offset: 0x40
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
CH3VAL[15:0]
w
Bits Fields Descriptions
15:0 CH3VAL[15:0] Capture or compare value of channel 3

When channel3 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.

When channel 3 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Complementary channel protection register (TIMERx_CCHP)

Address offset: 0x44
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ POEN | OAEN | BRKP ‘ BRKEN | ROS ‘ 10S | PROT[1:0] DTCFG[7:0]

w w w w w w w w
Bits Fields Descriptions
15 POEN Primary output enable

The bit can be set to 1 by:
- Write 1 to this bit
- If OAEN is set to 1, this bit is set to 1 at the next update event.
The bit can be cleared to 0 by:
- Write 0 to this bit
- Valid fault input (asynchronous).
When one of channels is configured in output mode, setting this bit enables the
channel outputs (CHx_O and CHx_ON) if the corresponding enable bits (CHXEN,
CHXNEN in TIMERx_CHCTL2 register) have been set.
0: Disable channel outputs (CHxO or CHxON).
1: Enabled channel outputs (CHxO or CHxON).
Note: This bit is only valid when CHxMS=2"b00.

14 OAEN Output automatic enable
0: The POEN bit can only be set by software.
1: POEN can be set at the next update event, if the break input is not active.
This bit can be modified only when PROT [1:0] bit-filed in TIMERx_CCHP register
is 00.

13 BRKP Break polarity
This bit specifies the polarity of the BRKIN input signal.
0: BRKIN input active low
1; BRKIN input active high

12 BRKEN Break enable
This bit can be set to enable the BRKIN and CCS clock failure event inputs.
0: Break inputs disabled
1; Break inputs enabled
This bit can be modified only when PROT [1:0] bit-filed in TIMERx_CCHP register
is 00.

11 ROS Run mode off-state configure
When POEN bit is set, this bit specifies the output state for the channels which
has a complementary output and has been configured in output mode.
0: When POEN bit is set, the channel output signals (CHx_O/CHx_ON) are
disabled.
1: When POEN bit is set, the channel output signals (CHx_O/CHx_ON) are
enabled, with relationship to CHXEN/CHXNEN bits in TIMERx_CHCTL2 register.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
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10

9:8

7:0

10S

PROT[1:0]

DTCFG[7:0]

10 or 11.

Idle mode off-state configure

When POEN bit is reset, this bit specifies the output state for the channels which
has been configured in output mode.

0: When POEN bit is reset, the channel output signals (CHx_O/CHx_ON) are
disabled.

1: When POEN bit is reset, he channel output signals (CHx_O/CHx_ON) are
enabled, with relationship to CHXEN/CHXNEN bits in TIMERx_CHCTL2 register.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERXx_CCHP register is
10 or 11.

Complementary register protect control

This bit-filed specifies the write protection property of registers.

00: protect disable. No write protection.

01: PROT mode 0.The ISOx/ISOxN bits in TIMERx_CTL1 register and the
BRKEN/BRKP/OAEN/DTCFG bits in TIMERx_CCHP register are writing
protected.

10: PROT mode 1. In addition of the registers in PROT mode 0, the CHxP/CHxNP
bits in TIMERx_CHCTLZ2 register (if related channel is configured in output mode)
and the ROS/IOS bits in TIMERx_CCHP register are writing protected.

11: PROT mode 2. In addition of the registers in PROT mode 1, the CHXxCOMCTL/
CHxCOMSEN bits in TIMERx_CHCTLO/1 registers (if the related channel is
configured in output) are writing protected.

This bit-field can be written only once after the reset. Once the TIMERx_CCHP

register has been written, this bit-field will be writing protected.

Dead time configure
The relationship between DTVAL value and the duration of dead-time is as follow:

DTCFG[7:5] The duration of dead-time
3’b0xx DTCFG[7:0] * toTs_ck
3’b10x (64+ DTCFGI[5:0]) * toTs_ck *2
3’b110 (32+ DTCFGJ4:0]) * tots_ck *8
3'b111 (32+ DTCFGI4:0]) * tots_ck *16

Note:

1. tors_ck is the period of DTS_CK which is configured by CKDIV[1:0] in
TIMERx_CTLO.
2. This bit can be modified only when PROT [1:0] bit-filed in TIMERx_CCHP

register is 00.

DMA configuration register (TIMERx_DMACFG)

Address offset: 0x48
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DMATC[4:0] Reserved ‘ DMATA [4:0]
w w
Bits Fields Descriptions
15:14 Reserved Must be kept at reset value.
12:8 DMATC [4:0] DMA transfer count

This filed defines the number(n) of the register that DMA will access(R/W), n =
(DMATC [4:0] +1). DMATC [4:0] is from 5’b0_0000 to 5’b1_0001.

75 Reserved Must be kept at reset value.

4:0 DMATA [4:0] DMA transfer access start address
This filed define the first address for the DMA access the TIMERx_DMATB. When
access is done through the TIMERx_DMA address first time, this bit-field specifies
the address you just access. And then the second access to the TIMERx_DMATB,
you will access the address of start address + 0x4.

DMA transfer buffer register (TIMERx_DMATB)

Address offset: 0x4C
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
DMATB[15:0]
w
Bits Fields Descriptions
15:0 DMATB[15:0] DMA transfer buffer

When a read or write operation is assigned to this register, the register located at
the address range (Start Addr + Transfer Timer* 4) will be accessed.
The transfer Timer is calculated by hardware, and ranges from 0 to DMATC.

Configuration register (TIMERx_CFG)

Address offset: OXFC
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 ‘ CHVSEL ‘ OUTSEL ‘
w w
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Bits Fields Descriptions
15:2 Reserved Must be kept at reset value.
1 CHVSEL Write CHxVAL register selection

This bit-field set and reset by software.

1: If write the CHxVAL register, the write value is same as the CHxVAL value, the
write access ignored

0: No effect

0 OUTSEL The output value selection
This bit-field set and reset by software
1: If POEN and I0S is 0, the output disabled
0: No effect
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16.2. General level0 timer (TIMERX, x=1, 2, 3, 4)
16.2.1. Overview
The general levelO timer module (Timer1, 2, 3, 4) is a four-channel timer that supports input
capture, output compare. They can generate PWM signals to control motor or be used for
power management applications. The general level0 time reference is a 16-bit counter that
can be used as an unsigned counter.
In addition, the general levelO timers can be programmed and be used to count or time
external events that drive other timers.
Timer and timer are completely independent, but there may be synchronized to provide a
larger timer with their counters incrementing in unison.
16.2.2. Characteristics
B Total channel num: 4.
B Counter width: 16 bits.
B Source of count clock is selectable: internal clock, internal trigger, external input, external
trigger.
B Multiple counter modes: count up, count down, count up/down.
B Quadrature decoder: used to track motion and determine both rotation direction and
position.
B Hall sensor: for 3-phase motor control.
B Programmable prescaler: 16 bits. Factor can be changed on the go.
B Each channel is user-configurable:
Input capture mode, output compare mode, programmable PWM mode, single pulse
mode
B Auto-reload function.
B Interrupt output or DMA request on: update, trigger event, and compare/capture event.
B Daisy chaining of timer modules to allow a single timer to initiate multiple timing events.
B Timer synchronization allows selected timers to start counting on the same clock cycle.
B Timer master-slave management.
16.2.3. Block diagram

Figure 16-29. General Level 0 timer block diagram provides details on the internal
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Figure 16-29. General Level 0 timer block diagram

configuration of the general levelO timer.
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16.2.4.

Function overview

Clock source configuration

The general level0 TIMER has the capability of being clocked by either the CK_TIMER or an
alternate clock source controlled by SMC (TIMERx_SMCFG bit [2:0]).

B SMC [2:0] == 3'b000. Internal timer clock CK_TIMER which is from module RCU.

The default internal clock source is the CK_TIMER used to drive the counter prescaler when
the SMC [2:0] == 3'b000. When the CEN is set, the CK_TIMER will be divided by PSC value
to generate PSC_CLK.

In this mode, the TIMER_CK, driven counter’s prescaler to count, is equal to CK_TIMER
which is from RCU.

If the SMC [2:0] in the TIMERXx_SMCFG register are setting to an available value including
0x1, 0x2, 0x3 and 0x7, the prescaler is clocked by other clock sources selected by the TRGS
[2:0] in the TIMERXx_SMCFG register and described as follows. When the SMC [2:0] bits are
set to 0x4, 0x5 or 0x6, the internal clock CK_TIMER is the counter prescaler driving clock
source.

Figure 16-30. Timing chart of internal clock divided by 1
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B SMC [2:0] == 3'b111(external clock mode 0). External input pin source

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin TIMERx_CIO/TIMERx_CI1. This mode can be
selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x4, 0x5 or 0x6.

And, the counter prescaler can also be driven by rising edge on the internal trigger input pin
ITI0/1/2/3. This mode can be selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x0,
0x1, 0x2 or 0x3.
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B SMC1== 1'b1(external clock mode 1). External input pin source (ETI)

The TIMER_CK, which drives counter’s prescaler to count, can be triggered by the event of
rising or falling edge on the external pin ETI. This mode can be selected by setting the SMC1
bit in the TIMERXx_SMCFG register to 1. The other way to select the ETI signal as the clock
source is to set the SMC [2:0] to 0x7 and the TRGS [2:0] to 0x7 respectively. Note that the
ETI signal is derived from the ETI pin sampled by a digital filter. When the ETI signal is
selected as clock source, the trigger controller including the edge detection circuitry will
generate a clock pulse on each ETI signal rising edge to clock the counter prescaler.

Clock prescaler

The counter clock (PSC_CK) is obtained by the TIMER_CK through the prescaler, and the
prescale factor can be configured from 1 to 65536 through the prescaler register
(TIMERx_PSC). The new written prescaler value will not take effect until the next update
event.

Figure 16-31. Timing chart of PSC value change from 0 to 2
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Counter up counting

In this mode, the counter counts up continuously from 0 to the counter-reload value, which is
defined in the TIMERX_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter will start counting up from 0 again. The update event is
generated at each counter overflow. The counting direction bit DIR in the TIMERx_CTL1
register should be set to 0 for the up counting mode.

When the update event is set by the UPG bit in the TIMERx_SWEVG register, the counter
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value will be initialized to 0 and generates an update event.

If the UPDIS bit in TIMERxX_CTLO register is set, the update event is disabled.

When an update event occurs, all the shadow registers (counter autoreload register, prescaler

register) are updated.

Figure 16-32. Timing chart of up counting mode, PSC=0/2 show some examples of the

counter behavior for different clock prescaler factor when TIMERx_CAR=0x99.

Figure 16-32. Timing chart of up counting mode, PSC=0/2
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Figure 16-33. Timing chart of up counting mode, change TIMERx_CAR ongoing
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Counter down counting

In this mode, the counter counts down continuously from the counter-reload value, which is
defined in the TIMERx_CAR register, to 0 in a count-down direction. Once the counter
reaches to 0, the counter will start counting down from the counter-reload value. The update
event is generated at each counter underflow. The counting direction bit DIR in the
TIMERx_CTLO register should be set to 1 for the down-counting mode.

When the update event is set by the UPG bit in the TIMERx_SWEVG register, the counter
value will be initialized to the counter-reload value and generates an update event.

If the UPDIS bit in TIMERxX_CTLO register is set, the update event is disabled.

When an update event occurs, all the shadow registers (counter autoreload register, prescaler
register) are updated.

Figure 16-34. Timing chart of down counting mode, PSC=0/2 show some examples of the

counter behavior for different clock frequencies when TIMERx_CAR=0x99.
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Figure 16-34. Timing chart of down counting mode, PSC=0/2
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Figure 16-35. Timing chart of down counting mode, change TIMERx_CAR ongoing
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Counter center-aligned counting

In this mode, the counter counts up from 0 to the counter-reload value and then counts down
to 0 alternatively. The Timer module generates an overflow event when the counter counts to
the counter-reload value subtract 1 in the up-counting direction and generates an underflow
event when the counter counts to 1 in the down-counting mode. The counting direction bit
DIR in the TIMERx_CTLO register is read-only and indicates the counting direction when in
the center-aligned mode.

Setting the UPG bit in the TIMERXx_SWEVG register will initialize the counter value to 0 and
generates an update event irrespective of whether the counter is counting up or down in the
center-align counting mode.

The UPIF bit in the TIMERX_INTF register can be set to 1 either when an underflow event or
an overflow event occurs. While the CHxIF bit is associated with the value of CAM in
TIMERX_CTLO. The details refer to Fiqure 16-36. Timing chart of center-aligned counting

mode
If the UPDIS bit in the TIMERx_CTLO register is set, the update event is disabled.

When an update event occurs, all the shadow registers (counter autoreload register, prescaler
register) are updated.

Figure 16-36. Timing chart of center-aligned counting mode show some examples of the
counter behavior when TIMERx_CAR=0x99. TIMERx_PSC=0x0
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Figure 16-36. Timing chart of center-aligned counting mode
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Input capture and output compare channels

The general level0 Timer has four independent channels which can be used as capture inputs
or compare match outputs. Each channel is built around a channel capture compare register
including an input stage, channel controller and an output stage.

Channel input capture function

Capture mode allows the channel to perform measurements such as pulse timing, frequency,
period, duty cycle and so on. The input stage consists of a digital filter, a channel polarity
selection, edge detection and a channel prescaler. When a selected edge occurs on the
channel input, the current value of the counter is captured into the TIMERx_CHXCYV register,
at the same time the CHXxIF bit is set and the channel interrupt is generated if enabled by
CHxIE =1.
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Figure 16-37. Channel input capture principle
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One of channels’ input signals (CIx) can be chosen from the TIMERx_CHx signal or the
Excusive-OR function of the TIMERx_CHO, TIMERx_CH1 and TIMERx_CHZ2 signals. First,
the channel input signal (CIx) is synchronized to TIMER_CK domain, and then sampled by a
digital filter to generate a filtered input signal. Then through the edge detector, the rising and
falling edge are detected. You can select one of them by CHxP. One more selector is for the
other channel and trig, controlled by CHxMS. The IC_prescaler make several the input event
generate one effective capture event. On the capture event, TIMERx_CHxCV will restore the
value of Counter.

So the process can be divided to several steps as below:
Step1: Filter Configuration. (CHXxCAPFLT in TIMERx_CHCTLO)

Based on the input signal and requested signal quality, configure compatible
CHxCAPFLT.

Step2: Edge Selection. (CHxP in TIMERx_CHCTL2)
Rising or falling edge, choose one by CHxP.

Step3: Capture source Selection. (CHxMS in TIMERx_CHCTLO)
As soon as you select one input capture source by CHxMS, you have set the channel
to input mode ( CHxMS!=0x0) and TIMERx_CHxCV cannot be written any more.

Step4: Interrupt enable. (CHxIE and CHxDEN in TIMERx_DMAINTEN)
Enable the related interrupt enable; you can got the interrupt and DMA request.

Step5: Capture enables. (CHXEN in TIMERx_CHCTL2)

Result: When you wanted input signal is got, TIMERx_CHxCV will be set by counter’s value.
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And CHXxIF is asserted. If the CHxIF is high, the CHxOF will be asserted also. The interrupt
and DMA request will be asserted based on the your configuration of CHxIE and CHxDEN in
TIMERx_DMAINTEN

Direct generation: If you want to generate a DMA request or interrupt, you can set CHxG
by software directly.

The input capture mode can be also used for pulse width measurement from signals on the
TIMERx_CHx pins. For example, PWM signal connect to CIO input. Select channel 0 capture
signals to CIO by setting CHOMS to 2’b01 in the channel control register (TIMERx_CHCTLO)
and set capture on rising edge. Select channel 1 capture signal to CIO0 by setting CH1MS to
2’b10 in the channel control register (TIMERx_CHCTLO) and set capture on falling edge. The
counter set to restart mode and restart on channel 0 rising edge. Then the TIMERX_CHOCV
can measure the PWM period and the TIMERx_CH1CV can measure the PWM duty.

Channel output compare function

In channel output compare function, the TIMERx can generate timed pulses with
programmable position, polarity, duration, and frequency. When the counter matches the
value in the CHxVAL register of an output compare channel, the channel (n) output can be
set, cleared, or toggled based on CHXCOMCTL. when the counter reaches the value in the
CHxVAL register, the CHxIF bit is set and the channel (n) interrupt is generated if CHxIE = 1.
And the DMA request will be assert, if CxCDE=1.

So the process can be divided to several steps as below:
Step1: Clock configuration. Such as clock source, clock prescaler and so on.

Step2: Compare mode configuration.
* Set the shadow enable mode by CHXCOMSEN
* Set the output mode (Set/Clear/Toggle) by CHxCOMCTL.
* Select the active high polarity by CHxP
* Enable the output by CHXEN

Step3: Interrupt/DMA-request enables configuration by CHxIE/CxCDE

Step4: Compare output timing configuration by TIMERx_CAR and TIMERx_CHxCV.
About the CHxVAL, you can change it on the go to meet the waveform you expected.

Step5: Start the counter by CEN.

The timechart below show the three compare modes toggle/set/clear. CAR=0x63,
CHxVAL=0x3
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Figure 16-38. Output-compare under three modes
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Output PWM function

In the output PWM function (by setting the CHxCOMCTL bits to 3’'b110 (PWM mode0) or to
3b 111(PWM mode1), the channel can outputs PWM waveform according to the
TIMERx_CAR registers and TIMERx_CHXxCV registers.

Based on the counter mode, we have can also divide PWM into EAPWM (Edge aligned PWM)
and CAPWM (Centre aligned PWM).

The EAPWM period is determined by TIMERx_CAR and duty cycle is by TIMERx_CHXxCV.
Figure 16-39. EAPWM timechart shows the EAPWM output and interrupts waveform.

The CAPWM period is determined by 2*TIMERx_CAR, and duty cycle is determined by
2*TIMERx_CHXxCV. Figure 16-40. CAPWM timechart shows the CAPWM output and
interrupts waveform.

If TIMERx_CHXxCYV is greater than TIMERx_CAR, the output will be always active under PWM
mode0 (CHxCOMCTL==3'b110).

And if TIMERx_CHxCV is equal to zero, the output will be always inactive under PWM mode0
(CHXCOMCTL==3'b110).
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Figure 16-39. EAPWM timechart
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Figure 16-40. CAPWM timechart

CAR

CHxVAL
0

PWM MODEO || | |

CxouT ﬂ m | S I A I EN I N

PWM MODE1 || | |

CxOUT_i{ H LT L L1 L L

Interupt signal | ||
CAM=2'001 downonly | ||
CHxIF | |' |

CHXOF S

CAM=2b10uponly | | |

CAM=2b11 up/down | |

CHxIF_{ i
CHXOF ———

Channel output prepare signal

When the TIMERX is used in the compare match output mode, the OxCPRE signal (Channel
x Output prepare signal) is defined by setting the CHxCOMCTL filed. The OxCPRE signal has
several types of output function. These include, keeping the original level by setting the
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CHxCOMCTL field to 0x00, set to 1 by setting the CHxCOMCTL field to 0x01, set to 0 by
setting the CHxCOMCTL field to 0x02 or signal toggle by setting the CHxCOMCTL field to
0x03 when the counter value matches the content of the TIMERx_CHXxCYV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
is setup by setting the CHxCOMCTL field to 0x06/0x07. In these modes, the OxCPRE signal
level is changed according to the counting direction and the relationship between the counter
value and the TIMERx_CHxCV content. With regard to a more detail description refer to the
relative bit definition.

Another special function of the OxCPRE signal is a forced output which can be achieved by
setting the CHxCOMCTL field to 0x04/0x05. Here the output can be forced to an
inactive/active level irrespective of the comparison condition between the counter and the
TIMERx_CHXxCYV values.

The OxCPRE signal can be forced to 0 when the ETIFE signal is derived from the external
ETI pin and when it is set to a high level by setting the CHXxCOMCEN bit to 1 in the
TIMERx_CHCTLO register. The OxCPRE signal will not return to its active level until the next
update event occurs.

Quadrature decoder

Refer to Quadrature decoder.

Hall sensor function

Refer to Hall sensor function.

Master-slave management

The TIMERX can be synchronized with a trigger in several modes including the restart mode,
the pause mode and the event mode which is selected by the SMC[2:0] in the
TIMERx_SMCFG register. The trigger input of these modes can be selected by the TRGS[2:0]
in the TIMERx_SMCFG register.

Table 16-5. Examples of slave mode

Mode Selection Source Polarity Selection Filter and Prescaler
Selection
TRGSJ[2:0] ]
LIST SMCJ[2:0] 000: IT10 If you choose the CIOFEOQ or|For the ITIx no filter and

3'b100 (restart mode) |001: ITI1
CHxP for the polarity

3'b101 (pause mode) selection and inversion.

3'b110 (event mode) 100: CIOF_ED If you choose the ETIF,|can be used.
101: CIOFEO configure the ETP for
110: CMFE1 polarity = selection and
111: ETIFP inversion.

ETPSC.

CIMFE1, configure the|prescaler can be used.

010: ITI2 For the ClIx, configure Filter
011: ITI3 by CHxCAPFLT, no prescaler

For the ETIF, configure Filter
by ETFC and Prescaler by
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Mode Selection

Source
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Polarity Selection

Filter and Prescaler

TRGS[2:0]=3'b00

Exam1 Restart mode 0 - -
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For the ITIO, no filter and
The counter can be can be used.
ITIO is the prescaler can be used.
clear and restart when a
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rising trigger input.
Figure 16-41. Restart mode
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Selection

Mode Selection Source Polarity Selection Filter and Prescaler

TRGS[2:0]=3'b11

The counter will start to
ETFC =0, no filter
count when a rising|ETIF is the

trigger input. selection.

Exam3 Event mode ETP = 0 no polarity change.|ETPSC = 1, divided by 2.

Figure 16-43. Event mode
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Single pulse mode

Refer to Single pulse mode.

Timers interconnection

Refer to Advanced timer (TIMERXx, x=0, 7).

Timer DMA mode

Timer’'s DMA mode is the function that configures timer’s register by DMA module. The relative
registers are TIMERx_DMACFG and TIMERx_DMATB; Of course, you have to enable a DMA
request which will be asserted by some internal interrupt event. When the interrupt event was
asserted, TIMERx will send a request to DMA, which is configured to M2P mode and PADDR
is TIMERx_DMATB, then DMA will access the TIMERx DMATB. In fact, register
TIMERx_DMATB is only a buffer; timer will map the TIMERx_DMATB to an internal register,
appointed by the field of DMATA in TIMERx DMACFG . If the field of DMATC in
TIMERx_DMACFG is 0(1 transfer), then the timer's DMA request is finished. While if
TIMERx_DMATC is not 0, such as 3( 4 transfers), then timer will send 3 more requests to
DMA, and DMA will access timer’s registers DMASAR+0x4, DMASAR+0x8, DMASAR+0xc
at the next 3 accesses to TIMERx_DMATB. In one word, one time DMA internal interrupt
event assert, DMATC+1 times request will be send by TIMERXx.

If one more time DMA request event coming, TIMERX will repeat the process as above.

Timer debug mode

When the Cortex®-M4 halted, and the TIMERx_HOLD configuration bitin DBG_CTLO register
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set to 1, the TIMERXx counter stops.
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16.2.5. TIMERX registers(x=1, 2, 3, 4)

TIMER1 base address: 0x4000 0000
TIMER2 base address: 0x4000 0400
TIMERS3 base address: 0x4000 0800
TIMER4 base address: 0x4000 0C00

Control register 0 (TIMERx_CTLO)

Address offset: 0x00
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 CKDIVI[1:0] ‘ ARSE ‘ CAM[1:0] ‘ DIR ‘ SPM ‘ UPS | UPDIS ‘ CEN ‘
w w w w w w w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9:8 CKDIV[1:0] Clock division

The CKDIV bits can be configured by software to specify division factor between
the CK_TIMER and the dead-time and digital filter sample clock (DTS).

00: fors=fck_TIMER

01: fors= fck_TIMER /2

10: fors= fck_TIMER /4

11: Reserved

7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERx_CAR register is disabled
1: The shadow register for TIMERx_CAR register is enabled

6:5 CAM[1:0] Counter aligns mode selection
00: No center-aligned mode (edge-aligned mode). The direction of the counter is
specified by the DIR bit.
01: Center-aligned and counting down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERx_CHCTLDO register). Only when counting down, CHxF bit can be set.
10: Center-aligned and counting up assert mode. The counter counts under center-
aligned and channel is configured in output mode (CHxMS=00 in TIMERx_CHCTLO
register). Only when counting up, CHxF bit can be set.
11: Center-aligned and counting up/down assert mode. The counter counts under
center-aligned and channel is configured in output mode (CHxMS=00 in
TIMERx_CHCTLDO register). Both when counting up and counting down, CHxF bit
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4 DIR

3 SPM

2 upPsS

1 UPDIS

0 CEN

can be set.

After the counter is enabled, cannot be switched from 0x00 to non 0x00.

Direction
0: Count up
1: Count down

If the timer work in center-aligned mode or encoder mode, this bit is read only.

Single pulse mode.
0: Single pulse mode disable. The counter continues after update event.
1: Single pulse mode enable. The counter counts until the next update event

occurs.

Update source

This bit is used to select the update event sources by software.

0: These events generate update interrupts or DMA requests:
The UPG bit is set
The counter generates an overflow or underflow event
The restart mode generates an update event.

1: This event generates update interrupts or DMA requests:

The counter generates an overflow or underflow event

Update disable.
This bit is used to enable or disable the update event generation.
0: Update event enable. When an update event occurs, the corresponding shadow
registers are loaded with their preloaded values. These events generate update
event:
The UPG bit is set
The counter generates an overflow or underflow event
The restart mode generates an update event.
1: Update event disable.
Note: When this bit is set to 1, setting UPG bit or the restart mode does not

generate an update event, but the counter and prescaler are initialized.

Counter enable

0: Counter disable

1: Counter enable

The CEN bit must be set by software when timer works in external clock, pause

mode and encoder mode.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
Reset value: 0x0000

This register can be accessed by half-word (16-bit) or word (32-bit)
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15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | TIOS | MMCJ[2:0] | DMAS ‘ Reserved
w w w
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7 TIOS Channel 0 trigger input selection

0: The TIMERx_CHO pin input is selected as channel 0 trigger input.
1: The result of combinational XOR of TIMERx_CHO, CH1 and CH2 pins is
selected as channel 0 trigger input.

6:4 MMCJ2:0] Master mode control

These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: When a counter reset event occurs, a TRGO ftrigger signal is output. The
counter resert source:

Master timer generate a reset

the UPG bit in the TIMERx_SWEVG register is set
001: Enable. When a conter start event occurs, a TRGO trigger signal is output. The
counter start source :

CEN control bit is set

The trigger input in pause mode is high
010: When an update event occurs, a TRGO trigger signal is output. The update
source depends on UPDIS bit and UPS bit.
011: When a capture or compare pulse event occurs in channel0, a TRGO trigger
signal is output.
100: When a compare event occurs, a TRGO trigger signal is output. The compare
source is from OOCPRE.
101: When a compare event occurs, a TRGO trigger signal is output. The compare
source is from O1CPRE.
110: When a compare event occurs, a TRGO trigger signal is output. The compare
source is from O2CPRE.
111: When a compare event occurs, a TRGO trigger signal is output. The

compare source is from O3CPRE.

3 DMAS DMA request source selection
0: When capture or compare event occurs, the DMA request of channel x is sent
1: When update event occurs, the DMA request of channel x is sent.

2:0 Reserved Must be kept at reset value.

Slave mode configuration register (TIMERx_SMCFG)

Address offset: 0x08

Reset value: 0x0000 0000
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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
‘ ETP l SMCH1 l ETPSC[1:0] ETFC[3:0] ‘ MSM | TRGS[2:0] Reserved SMC[2:0]
w rw rw w w w rw
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15 ETP External trigger polarity
This bit specifies the polarity of ETI signal
0: ETl is active at rising edge or high level .
1: ETl is active at falling edge or low level .
14 SMCH1 Part of SMC for enable External clock mode1.
In external clock mode 1, the counter is clocked by any active edge on the ETIFP
signal.
0: External clock mode 1 disabled
1: External clock mode 1 enabled.
When the slave mode is configured as restart mode, pause mode or event mode,
the timer can still work in the external clock 1 mode by setting this bit. But the TRGS
bits must not be 3’b111 in this case.
The clock source of the timer will be ETIFP if external clock mode 0 and external
clock mode 1 are configured at the same time.
Note: External clock mode 0 enable is in this register's SMC[2:0] bit-filed.
13:12 ETPSC[1:0] The prescaler of external trigger
The frequency of external trigger signal ETIFP must not be at higher than 1/4 of
TIMER_CK frequency. When the external trigger signal is a fast clock, the prescaler
can be enabled to reduce ETIFP frequency.
00: Prescaler disable.
01: The prescaler is 2.
10: The prescaler is 4.
11: The prescaler is 8.
11:8 ETFCI[3:0] External trigger filter control

The external trigger can be filtered by digital filter and this bit-field configure the
filtering capability.
Basic principle of digital filter: continuously sample the external trigger signal
according to fsamp and record the number of times of the same level of the signal.
After reaching the filtering capacity configured by this bit-field, it is considered to be
an effective level.

The filtering capability configuration is as follows:
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6:4

2:0

MSM

TRGS[2:0]

Reserved

SMC[2:0]

EXTFC[3:0] Times fsamp
4’b0000 Filter disabled.
4’b0001
4'b0010
4’b0011
4’0100
4’b0101
4’b0110
4’b0111
4’1000
4’1001
4’1010
4'b1011
4’1100
4'b1101
4'b1110
4b1111

Master-slave mode

fck TIMER

fors_ck/2

fors_ck/4

fors_ck/8

fots_ck/16

fors_ck/32

DD | N | O || A || DD|O|H”D ||| BN

This bit can be used to synchronize selected timers to begin counting at the same
time. The TRGI is used as the start event, and through TRGO, timers are connected
together.

0: Master-slave mode disable

1: Master-slave mode enable

Trigger selection

This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.
000: ITIO

001: 1TI1

010: ITI2

011:1TI3

100: CIOF_ED

101: CIOFEOQ

110: CIMFE1

111: ETIFP

These bits must not be changed when slave mode is enabled.
Must be kept at reset value.

Slave mode control

000: Disable mode. The slave mode is disabled; The prescaler is clocked directly

by the internal clock (TIMER_CK) when CEN bit is set high.

001: Quadrature decoder mode 0. The counter counts on CIOFEQ edge, while the

direction depends on CI1FE1 level.

010: Quadrature decoder mode 1. The counter counts on CI1FE1 edge, while the
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direction depends on CIOFEO level.
011: Quadrature decoder mode 2. The counter counts on both CIOFEO and CI1FE1

edge, while the direction depends on each other.

100: Restart mode. The counter is reinitialized and an update event is generated on
the rising edge of the selected trigger input.

101: Pause mode. The trigger input enables the counter clock when it is high and
disables the counter clock when it is low.

110: Event mode. A rising edge of the trigger input enables the counter.

111: External clock mode 0. The counter counts on the rising edges of the selected

trigger.

DMA and interrupt enable register (TIMERx_DMAINTEN)

Address offset: 0x0C
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved | TRGDEN | Reserved | CH3DEN ‘ CH2DEN ‘ CH1DEN ‘ CHODEN ‘ UPDEN |Reserved| TRGIE |Reserved| CHS3IE ‘ CH2IE ‘ CH1IE ’ CHOIE ‘ UPIE ‘
w w w w w w w w w w w w
Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14 TRGDEN Trigger DMA request enable
0: disabled
1: enabled
13 Reserved Must be kept at reset value.
12 CH3DEN Channel 3 capture/compare DMA request enable
0: disabled
1: enabled
11 CH2DEN Channel 2 capture/compare DMA request enable
0: disabled
1: enabled
10 CH1DEN Channel 1 capture/compare DMA request enable
0: disabled
1: enabled
9 CHODEN Channel 0 capture/compare DMA request enable
0: disabled
1: enabled
8 UPDEN Update DMA request enable
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0: disabled

1: enabled

7 Reserved Must be kept at reset value.

6 TRGIE Trigger interrupt enable
0: disabled

1: enabled
5 Reserved Must be kept at reset value.

4 CH3IE Channel 3 capture/compare interrupt enable
0: disabled

1: enabled

3 CH2IE Channel 2 capture/compare interrupt enable
0: disabled
1: enabled

2 CH1IE Channel 1 capture/compare interrupt enable
0: disabled

1: enabled

1 CHOIE Channel 0 capture/compare interrupt enable
0: disabled
1: enabled

0 UPIE Update interrupt enable
0: disabled

1: enabled

Interrupt flag register (TIMERX_INTF)

Address offset: 0x10
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CH3OF ‘ CH20F ‘ CH10F ‘ CHOOF ‘ Reserved ‘ TRGIF |Reserved| CH3IF ‘ CH2IF ‘ CH1IF ‘ CHoOIF ‘ UPIF ‘
rc_w0 rc_wO0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12 CH3O0F Channel 3 over capture flag

Refer to CHOOF description

11 CH20F Channel 2 over capture flag
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10

8.7

CH10F

CHOOF

Reserved

TRGIF

Reserved

CH3IF

CH2IF

CH1IF

CHOIF

UPIF

Refer to CHOOF description

Channel 1 over capture flag
Refer to CHOOF description

Channel 0 over capture flag

When channel 0 is configured in input mode, this flag is set by hardware when a
capture event occurs while CHOIF flag has already been set. This flag is cleared
by software.

0: No over capture interrupt occurred

1: Over capture interrupt occurred
Must be kept at reset value.

Trigger interrupt flag

This flag is set on trigger event and cleared by software. When in pause mode,
both edges on trigger input generates a trigger event, otherwise, only an active
edge on trigger input can generates a trigger event.

0: No trigger event occurred.

1: Trigger interrupt occurred.
Must be kept at reset value.

Channel 3 ‘s capture/compare interrupt enable
Refer to CHOIF description

Channel 2 ‘s capture/compare interrupt enable
Refer to CHOIF description

Channel 1 ‘s capture/compare interrupt flag
Refer to CHOIF description

Channel 0 ‘s capture/compare interrupt flag

This flag is set by hardware and cleared by software. When channel 0 is in input
mode, this flag is set when a capture event occurs. When channel 0 is in output
mode, this flag is set when a compare event occurs.

If Channel0 is set to input mode, this bit will be reset by reading TIMERx_CHOCV.
0: No Channel 0 interrupt occurred

1: Channel 0 interrupt occurred

Update interrupt flag
This bit is set by hardware on an update event and cleared by software.
0: No update interrupt occurred

1: Update interrupt occurred

Software event generation register (TIMERx_SWEVG)

Address offset: 0x14
Reset value: 0x0000
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This register can be accessed by half-word (16-bit) or word (32-bit)

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

Reserved ‘ TRGG |Reserved

CH3G ‘ CH2G ‘ CH1G ‘ CHOG ‘ UPG ‘

w w w w w w

Bits Fields Descriptions
15:7 Reserved Must be kept at reset value.
6 TRGG Trigger event generation

This bit is set by software and cleared by hardware automatically. When this bit is
set, the TRGIF flag in TIMERx_STAT register is set, related interrupt or DMA
transfer can occur if enabled.

0: No generate a trigger event

1: Generate a trigger event
5 Reserved Must be kept at reset value.

4 CH3G Channel 3’s capture or compare event generation
Refer to CHOG description

3 CH2G Channel 2’s capture or compare event generation
Refer to CHOG description

2 CH1G Channel 1’s capture or compare event generation
Refer to CHOG description

1 CHOG Channel 0’s capture or compare event generation
This bit is set by software in order to generate a capture or compare event in
channel 0, it is automatically cleared by hardware. When this bit is set, the CH1IF
flag is set, the corresponding interrupt or DMA request is sent if enabled. In
addition, if channel 1 is configured in input mode, the current value of the counter
is captured in TIMERx_CHOCYV register, and the CHOOF flag is set if the CHOIF
flag was already high.
0: No generate a channel 1 capture or compare event
1: Generate a channel 1 capture or compare event

0 UPG This bit can be set by software, and cleared by hardware automatically. When this
bit is set, the counter is cleared if the center-aligned or up counting mode is
selected, else (down counting) it takes the auto-reload value. The prescaler
counter is cleared at the same time.

0: No generate an update event

1: Generate an update event

Channel control register 0 (TIMERx_CHCTLO)

Address offset: 0x18

Reset value: 0x0000
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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
CH1COM CH1COM [ CH1COM CHOCOM CHOCOM | CHOCOM
CH1COMCTL[2:0] CHOCOMCTL[2:0]
CEN SEN FEN CH1MS[1:0] CEN SEN FEN CHOMSJ[1:0]
CH1CAPFLT[3:0] CH1CAPPSC[1:0] CHOCAPFLT[3:0] CHOCAPPSCI1:0]
w w w w w w

Output compare mode:

Bits Fields Descriptions

15 CH1COMCEN Channel 1 output compare clear enable
Refer to CHOCOMCEN description

14:12 CH1COMCTL[2:0] Channel 1 compare output control
Refer to CHOCOMCTL description

11 CH1COMSEN Channel 1 output compare shadow enable
Refer to CHOCOMSEN description

10 CH1COMFEN Channel 1 output compare fast enable
Refer to CHOCOMFEN description

9:8 CH1MS[1:0] Channel 1 mode selection
This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH1EN bit in
TIMERx_CHCTL2 register is reset).
00: Channel 1 is programmed as output mode
01: Channel 1 is programmed as input mode, I1S1 is connected to CI1FE1
10: Channel 1 is programmed as input mode, 1S1 is connected to CIOFE1
11: Channel 1 is programmed as input mode, 1S1 is connected to ITS.
Note: When CH1MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

7 CHOCOMCEN Channel 0 output compare clear enable.
When this bit is set, if the ETIFP signal is detected as high level, the OOCPRE signal
will be cleared.
0: Channel 0 output compare clear disable

1: Channel 0 output compare clear enable

6:4 CHOCOMCTL][2:0] Channel 0 compare output control

This bit-field specifies the compare output mode of the the output prepare signal
OO0CPRE. In addition, the high level of OOCPRE is the active level, and CHO_O and
CHO_ON channels polarity depends on CHOP and CHONP bits.

000: Timing mode. The OOCPRE signal keeps stable, independent of the
comparison between the register TIMERx_CHOCV and the counter TIMERx_CNT.
001: Set the channel output. OOCPRE signal is forced high when the counter is
equals to the output compare register TIMERx_CHOCV.

010: Clear the channel output. OOCPRE signal is forced low when the counter is
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equals to the output compare register TIMERx_CHOCV.
011: Toggle on match. OOCPRE toggles when the counter is equals to the output
compare register TIMERx_CHOCV.
100: Force low. OOCPRE is forced to low level.
101: Force high. OOCPRE is forced to high level.
110: PWM mode0. When counting up, OOCPRE is high when the counter is smaller
than TIMERx_CHOCV, and low otherwise. When counting down, O0OCPRE is low
when the counter is larger than TIMERx_CHOCYV, and high otherwise.
111: PWM mode1. When counting up, OOCPRE is low when the counter is smaller
than TIMERx_CHOCYV, and high otherwise. When counting down, OOCPRE is high
when the counter is larger than TIMERx_CHOCYV, and low otherwise.
If configured in PWM mode, the O0OCPRE level changes only when the output
compare mode is adjusted from “Timing” mode to “PWM” mode or the comparison
result changes.

3 CHOCOMSEN Channel 0 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CHOCYV register, which updates
at each update event, will be enabled.
0: Channel 0 output compare shadow disable
1: Channel 0 output compare shadow enable
The PWM mode can be used without verifying the shadow register only in single
pulse mode (when SPM=1)

2 CHOCOMFEN Channel 0 output compare fast enable
When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWMO or
PWM1 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CHO_O is set to the compare level independently from the
result of the comparison.
0: Channel 0 output quickly compare disable.
1: Channel 0 output quickly compare enable.

1:0 CHOMSI1:0] Channel 0 I/0O mode selection
This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CHOEN bit in
TIMERx_CHCTL2 register is reset).).
00: Channel 0 is programmed as output mode
01: Channel 0 is programmed as input mode, IS0 is connected to CIOFEO
10: Channel 0 is programmed as input mode, IS0 is connected to CI1FEOQ
11: Channel 0 is programmed as input mode, IS0 is connected to ITS
Note: When CHOMS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Input capture mode:
Bits Fields Descriptions
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15:12 CH1CAPFLT[3:0] Channel 1 input capture filter control
Refer to CHOCAPFLT description
11:10 CH1CAPPSCI1:0] Channel 1 input capture prescaler
Refer to CHOCAPPSC description
9:8 CH1MS[1:0] Channel 1 mode selection
Same as Output compare mode
74 CHOCAPFLT[3:0] Channel 0 input capture filter control
The CIO input signal can be filtered by digital filter and this bit-field configure the
filtering capability.
Basic principle of digital filter: continuously sample the CIO input signal according to
fsamp and record the number of times of the same level of the signal. After reaching
the filtering capacity configured by this bit, it is considered to be an effective level.
The filtering capability configuration is as follows:
CHOCAPFLT [3:0] Times fsamp
4’b0000 Filter disabled.
4’b0001 2
4’0010 4 fck_TIMER
4’b0011 8
4’b0100 6
4’b0101 8 fors/2
4’b0110 6
4’b0111 8 fors/
4’b1000 6
4'b1001 8 fors/8
4'b1010 5
4’b1011 6 fors/16
4'b1100 8
4'b1101 5
4'b1110 6 fors/32
4b1111 8
3:2 CHOCAPPSCI1:0] Channel 0 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler
is reset when CHOEN bit in TIMERx_CHCTL2 register is clear.
00: Prescaler disable, input capture occurs on every channel input edge
01: The input capture occurs on every 2 channel input edges
10: The input capture occurs on every 4 channel input edges
11: The input capture occurs on every 8 channel input edges
1:0 CHOMSI1:0] Channel 0 mode selection

Same as Output compare mode
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Channel control register 1 (TIMERx_CHCTLA1)
Address offset: 0x1C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH3COM CH3COM | CH3COM CH2COM CH2COM | CH2COM
CH3COMCTL[2:0] CH2COMCTL[2:0]
CEN SEN FEN CH3MS[1:0] CEN SEN FEN CH2MS[1:0]
CH3CAPFLT[3:0] CH3CAPPSC[1:0] CH2CAPFLT[3:0] CH2CAPPSCI[1:0]
w w w w w w
Output compare mode:
Bits Fields Descriptions
15 CH3COMCEN Channel 3 output compare clear enable
Refer to CHOCOMCEN description
14:12 CH3COMCTL[2:0] Channel 3 compare output control
Refer to CHOCOMCTL description
11 CH3COMSEN Channel 3 output compare shadow enable
Refer to CHOCOMSEN description
10 CH3COMFEN Channel 3 output compare fast enable
Refer to CHOCOMFEN description
9:8 CH3MS[1:0] Channel 3 mode selection
This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH3EN bit in
TIMERx_CHCTL2 register is reset).
00: Channel 3 is programmed as output mode
01: Channel 3 is programmed as input mode, 1S3 is connected to CI3FE3
10: Channel 3 is programmed as input mode, 1S3 is connected to CI2FE3
11: Channel 3 is programmed as input mode, 1S3 is connected to ITS.
Note: When CH3MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.
7 CH2COMCEN Channel 2 output compare clear enable.
When this bit is set, if the ETIFP signal is detected as high level, the O2CPRE signal
will be cleared.
0: Channel 2 output compare clear disable
1: Channel 2 output compare clear enable
6:4 CH2COMCTLJ[2:0] Channel 2 compare output control

This bit-field specifies the compare output mode of the the output prepare signal

OO0CPRE. In addition, the high level of OOCPRE is the active level, and CHO_O and

CHO_ON channels polarity depends on CHOP and CHONP bits.

000: Timing mode. The O2CPRE signal keeps stable, independent of the
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comparison between the output compare register TIMERx_CH2CV and the counter
TIMERx_CNT.
001: Set the channel output. O2CPRE signal is forced high when the counter is
equals to the output compare register TIMERx_CH2CV.
010: Clear the channel output. O2CPRE signal is forced low when the counter is
equals to the output compare register TIMERx_CH2CV.
011: Toggle on match. O2CPRE toggles when the counter is equals to the output
compare register TIMERx_CH2CV.
100: Force low. O2CPRE is forced to low level.
101: Force high. O2CPRE is forced to high level.
110: PWM mode 0. When counting up, O2CPRE is high when the counter is smaller
than TIMERx_CH2CV, and low otherwise. When counting down, O2CPRE is low
when the counter is larger than TIMERx_CH2CV, and high otherwise.
111: PWM mode 1. When counting up, O2CPRE is low when the counter is smaller
than TIMERx_CH2CV, and high otherwise. When counting down, O2CPRE is high
when the counter is larger than TIMERx_CH2CV, and low otherwise.
If configured in PWM mode, the O2CPRE level changes only when the output
compare mode is adjusted from “Timing” mode to “PWM” mode or the comparison
result changes.

3 CH2COMSEN Channel 2 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CH2CV register, which updates
at each update event will be enabled.
0: Channel 2 output compare shadow disable
1: Channel 2 output compare shadow enable
The PWM mode can be used without verifying the shadow register only in single
pulse mode (when SPM=1)

2 CH2COMFEN Channel 2 output compare fast enable
When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWM1 or
PWM2 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CH2_O is set to the compare level independently from the
result of the comparison.
0: Channel 2 output quickly compare disable.
1: Channel 2 output quickly compare enable.

1:0 CH2MSI1:0] Channel 2 I/0O mode selection

This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH2EN bit in
TIMERx_CHCTLZ2 register is reset).).

00: Channel 2 is programmed as output mode

01: Channel 2 is programmed as input mode, IS2 is connected to CI2FE2

10: Channel 2 is programmed as input mode, 1S2 is connected to CI3FE2

11: Channel 2 is programmed as input mode, 1S2 is connected to ITS.
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Note: When CH2MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Input capture mode:

Bits Fields Descriptions

15:12 CH3CAPFLT[3:0] Channel 3 input capture filter control
Refer to CHOCAPFLT description

11:10 CH3CAPPSCI1:0] Channel 3 input capture prescaler
Refer to CHOCAPPSC description

9:8 CH3MS[1:0] Channel 3 mode selection
Same as Output compare mode

7:4 CH2CAPFLT[3:0] Channel 2 input capture filter control
The CI2 input signal can be filtered by digital filter and this bit-field configure the
filtering capability.

Basic principle of digital filter: continuously sample the CI2 input signal according to
fsavp and record the number of times of the same level of the signal. After reaching
the filtering capacity configured by this bit, it is considered to be an effective level.
The filtering capability configuration is as follows:
CH2CAPFLT [3:0] Times fsamp
4’b0000 Filter disabled.
4’b0001 2
4’b0010 4 fck_TIMER
4’b0011 8
4’b0100 6
460101 8 fors/2
4’b0110 6
4’b0111 8 fors/
4’b1000 6
4’b1001 8 fors/8
4’b1010 5
4’b1011 6 fors/16
4’b1100 8
4'b1101 5
4'b1110 6 fors/32
4'b1111 8
3:2 CH2CAPPSCI1:0] Channel 2 input capture prescaler

This bit-field specifies the factor of the prescaler on channel 2 input. The prescaler
is reset when CH2EN bit in TIMERx_CHCTL2 register is clear.

00: Prescaler disable, input capture occurs on every channel input edge

01: The input capture occurs on every 2 channel input edges

10: The input capture occurs on every 4 channel input edges
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11: The input capture occurs on every 8 channel input edges
1:0 CH2MSI1:0] Channel 2 mode selection
Same as output compare mode
Channel control register 2 (TIMERx_CHCTLZ2)
Address offset: 0x20
Reset value: 0x0000
This register can be accessed by half-word(16-bit) or word(32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved | CH3P ‘ CH3EN | Reserved ‘ CH2P ‘ CH2EN ‘ Reserved ‘ CH1P ‘ CH1EN ‘ Reserved | CHOP ‘ CHOEN ‘
w w w w w w w w
Bits Fields Descriptions
15:14 Reserved Must be kept at reset value.
13 CH3P Channel 3 capture/compare function polarity
Refer to CHOP description
12 CH3EN Channel 3 capture/compare function enable
Refer to CHOEN description
11:10 Reserved Must be kept at reset value.
9 CH2P Channel 2 capture/compare function polarity
Refer to CHOP description
8 CH2EN Channel 2 capture/compare function enable
Refer to CHOEN description
7:6 Reserved Must be kept at reset value.
5 CH1P Channel 1 capture/compare function polarity
Refer to CHOP description
4 CH1EN Channel 1 capture/compare function enable
Refer to CHOEN description
3:2 Reserved Must be kept at reset value.
1 CHOP Channel 0 capture/compare function polarity

When channel 0 is configured in output mode, this bit specifies the output signal

polarity.

0: Channel 0 high level is active level

1: Channel 0 low level is active level

When channel 0 is configured in input mode, this bit specifies the CI0 signal

polarity.
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[CHOP==0]: CIXFEOQ'’s rising edge is the active signal for capture or trigger

operation in slave mode. And CIXFEO will not be inverted.

[CHOP==1]: CIXFEQ’s falling edge is the active signal for capture or trigger
operation in slave mode. And CIXFEOQ will be inverted.

This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 or 10.

0 CHOEN Channel 0 capture/compare function enable
When channel 0 is configured in output mode, setting this bit enables CHO_O
signal in active state. When channel 0 is configured in input mode, setting this bit
enables the capture event in channelO.
0: Channel 0 disabled
1: Channel 0 enabled

Counter register (TIMERXx_CNT)

Address offset: 0x24
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
CNT[15:0]
w
Bits Fields Descriptions
15:0 CNTI[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change

the value of the counter.

Prescaler register (TIMERx_PSC)

Address offset: 0x28
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PSC[15:0]
w
Bits Fields Descriptions
15:0 PSC[15:0] Prescaler value of the counter clock

The TIMER_CK clock is divided by (PSC+1) to generate the counter clock. The
value of this bit-filed will be loaded to the corresponding shadow register at every

update event.
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Counter auto reload register (TIMERx_CAR)

Address offset: 0x2C
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CARL[15:0]
w
Bits Fields Descriptions
15:0 CARL[15:0] Counter auto reload value

This bit-filed specifies the auto reload value of the counter.
Note: When the timer is configured in input capture mode, this register must be
configured a non-zero value (such as OxFFFF) which is larger than user expected

value.

Channel 0 capture/compare value register (TIMERx_CHOCYV)

Address offset: 0x34
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CHOVAL[15:0]
w
Bits Fields Descriptions
15:0 CHOVAL[15:0] Capture or compare value of channelO

When channel 0 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.

When channel 0 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Channel 1 capture/compare value register (TIMERx_CH1CV)

Address offset: 0x38
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

CH1VAL[15:0]
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Bits Fields Descriptions

15:0 CH1VAL[15:0] Capture or compare value of channel1
When channel 1 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.
When channel 1 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Channel 2 capture/compare value register (TIMERx_CH2CV)

Address offset: 0x3C
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH2VAL[15:0]
w
Bits Fields Descriptions
15:0 CH2VAL[15:0] Capture or compare value of channel 2

When channel 2 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.

When channel 2 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Channel 3 capture/compare value register (TIMERx_CH3CV)

Address offset: 0x40
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
CH3VAL[15:0]
w
Bits Fields Descriptions
15:0 CH3VAL[15:0] Capture or compare value of channel 3

When channel3 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.
When channel 3 is configured in output mode, this bit-filed contains value to be
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compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

DMA configuration register (TIMERx_DMACFG)

Address offset: 0x48
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved DMATC[4:0] ‘ Reserved ‘ DMATA [4:0]
w w
Bits Fields Descriptions
15:14 Reserved Must be kept at reset value.
12:8 DMATC [4:0] DMA transfer count

This filed defines the number(n) of the register that DMA will access(R/W), n =
(DMATC [4:0] +1). DMATC [4:0] is from 5’b0_0000 to 5’b1_0001.

75 Reserved Must be kept at reset value.

4:0 DMATA [4:0] DMA transfer access start address
This filed define the first address for the DMA access the TIMERx_DMATB.
When access is done through the TIMERx_DMA address first time, this bit-field
specifies the address you just access. And then the second access to the
TIMERx_DMATB, you will access the address of start address + 0x4.

DMA transfer buffer register (TIMERx_DMATB)

Address offset: 0x4C
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DMATB[15:0]
w
Bits Fields Descriptions
15:0 DMATB[15:0] DMA transfer buffer

When a read or write operation is assigned to this register, the register located at
the address range (Start Addr + Transfer Timer* 4) will be accessed.

The transfer Timer is calculated by hardware, and ranges from 0 to DMATC.
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Configuration register (TIMERx_CFG )

Address offset: OXFC
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved ICHVSEL Reserved
w
Bits Fields Descriptions
15:2 Reserved Must be kept at reset value.
1 CHVSEL Write CHxVAL register selection

This bit-field set and reset by software.

1: If write the CHxVAL register, the write value is same as the CHxVAL value, the
write access ignored

0: No effect

0 Reserved Must be kept at reset value.
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16.3.

16.3.1.

16.3.2.

General level1 timer (TIMERX, x=8, 11)

Overview

The general level1 timer module (Timer8, 11) is a two-channel timer that supports input

capture, output compare. They can generate PWM signals to control motor or be used for

power management applications. The general level1 time reference is a 16-bit counter that

can be used as an unsigned counter.

In addition, the general level1 timers can be programmed and be used to count or time

external events that drive other Timers.

Timer and timer are completely independent, but there may be synchronized to provide a

larger timer with their counters incrementing in unison.

Characteristics

B Total channel num: 2.

B Counter width: 16 bits.

B Source of count clock is selectable: internal clock, internal trigger, external input.

B counter mode: count up only.

B Programmable prescaler: 16 bit. Factor can be changed on the go.

B FEach channel is user-configurable: Input capture mode, Output compare mode,
Programmable PWM mode, Single pulse mode

B Auto-reload function.

B Interrupt output on: update, trigger event, and compare/capture event.

B Daisy chaining of timer modules to allow a single timer to initiate multiple timing events.

B Timer synchronization allows selected timers to start counting on the same clock cycle.

B Timer master-slave management.
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16.3.3.

Block diagram

Figure 16-44. General level1 timer block diagram provides details on the internal

configuration of the general level1 timer.

Figure 16-44. General level1 timer block diagram
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16.3.4.

Function overview

Clock source configuration

The general level1 TIMER has the capability of being clocked by either the CK_TIMER or an
alternate clock source controlled by SMC (TIMERx_SMCFG bit [2:0]).

B SMC [2:0] == 3'b000. Internal timer clock CK_TIMER which is from module RCU.

The default internal clock source is the CK_TIMER used to drive the counter prescaler when
SMC [2:0] == 3'b000. When the CEN is set, the CK_TIMER will be divided by PSC value to
generate PSC_CLK.

In this mode, the TIMER_CK, driven counter’s prescaler to count, is equal to CK_TIMER
which is from RCU.

If the SMC [2:0] in the TIMERXx_SMCFG register are setting to an available value including
0x1, 0x2, 0x3 and 0x7, the prescaler is clocked by other clock sources selected by the TRGS
[2:0] in the TIMERX_SMCFG register and described as follows. When the SMC bits are set
to 0x4, 0x5 or 0x6, the internal clock CK_TIMER is the counter prescaler driving clock source.

Figure 16-45. Timing chart of internal clock divided by 1
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B SMC [2:0] == 3'b111 (external clock mode 0). External input pin source

The TIMER_CK, driven counter’s prescaler to count, can be triggered by the event of rising
or falling edge on the external pin TIMERx_CIO/TIMERx_CI1. This mode can be selected by
setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x4, 0x5 or 0x6.

And, the counter prescaler can also be driven by rising edge on the internal trigger input pin
ITI0/1/2/3. This mode can be selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x0,
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0x1, 0x2 or 0x3.

Clock prescaler

The counter clock (PSC_CK) is obtained by the TIMER_CK through the prescaler, and the
prescale factor can be configured from 1 to 65536 through the prescaler register
(TIMERx_PSC). The new written prescaler value will not take effect until the next update
event.

Figure 16-46. Timing chart of PSC value change from 0 to 2
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Counter up counting

In this mode, the counter counts up continuously from 0 to the counter-reload value, which is
defined in the TIMERx_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter will start counting up from 0 again. The update event is
generated at each counter overflow. The counting direction bit DIR in the TIMERx_CTL1
register should be set to 0 for the up counting mode.

When the update event is set by the UPG bit in the TIMERx_SWEVG register, the counter
value will be initialized to 0 and generates an update event.

If the UPDIS bit in TIMERx_CTLO register is set, the update event is disabled.

When an update event occurs, all the shadow registers (counter auto reload register,
prescaler register) are updated.

The following figures show some examples of the counter behavior for different clock
prescaler factor when TIMERx_CAR=0x99.
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Figure 16-47. Timing chart of up counting mode, PSC=0/2
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Figure 16-48. Timing chart of up counting mode, change TIMERx_CAR ongoing
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Input capture and output compare channels

The general level1 timer has two independent channels which can be used as capture inputs
or compare match outputs. Each channel is built around a channel capture compare register
including an input stage, channel controller and an output stage.

Channel input capture function

Channel input capture function allows the channel to perform measurements such as pulse
timing, frequency, period, duty cycle and so on. The input stage consists of a digital filter, a
channel polarity selection, edge detection and a channel prescaler. When a selected edge
occurs on the channel input, the current value of the counter is captured into the
TIMERXx_CHXxCYV register, at the same time the CHxIF bit is set and the channel interrupt is
generated if enabled by CHxIE = 1.

Figure 16-49. Channel input capture principle
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First, the channel input signal (CIx) is synchronized to TIMER_CK domain, and then sampled
by a digital filter to generate a filtered input signal. Then through the edge detector, the rising
and fall edge are detected. You can select one of them by CHxP. One more selector is for the
other channel and trig, controlled by CHxMS. The IC_prescaler make several the input event
generate one effective capture event. On the capture event, TIMERXx_CHxCV will restore the
value of counter.

So the process can be divided to several steps as below:
Step1: Filter configuration. (CHxCAPFLT in TIMERx_CHCTLO)
Based on the input signal and requested signal quality, configure compatible
CHxCAPFLT.
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Step2: Edge selection. (CHxP/CHxNP in TIMERx_CHCTL?2)
Rising or falling edge, choose one by CHxP/CHxNP.

Step3: Capture source selection. (CHxMS in TIMERx_CHCTLO)
As soon as you select one input capture source by CHxMS, you have set the channel
to input mode (CHxMS!=0x0) and TIMERx_CHxCV cannot be written any more.

Step4: Interrupt enable. (CHxIE and CHxDEN in TIMERx_DMAINTEN)
Enable the related interrupt enable; you can got the interrupt and DMA request.

Step5: Capture enables. (CHXEN in TIMERx_CHCTL2)

Result: When you wanted input signal is got, TIMERx_CHxCV will be set by Counter’s value.
And CHXxIF is asserted. If the CHxIF is high, the CHxOF will be asserted also. The interrupt
and DMA request will be asserted based on the your configuration of CHxIE and CHxDEN in
TIMERx_DMAINTEN

Direct generation: If you want to generate a DMA request or Interrupt, you can set CHxG by
software directly.

The channel input capture function can be also used for pulse width measurement from
signals on the TIMERx_CHx pins. For example, PWM signal connect to CIO input. Select
channel 0 capture signals to CIO by setting CHOMS to 2’b01 in the channel control register
(TIMERx_CHCTLO) and set capture on rising edge. Select channel 1 capture signal to CI0 by
setting CH1MS to 2'b10 in the channel control register (TIMERx_CHCTLO) and set capture
on falling edge. The counter set to restart mode and restart on channel 0 rising edge. Then
the TIMERX_CHOCV can measure the PWM period and the TIMERx_CH1CV can measure
the PWM duty.

Channel output compare function

In channel output compare function, the TIMERx can generate timed pulses with
programmable position, polarity, duration, and frequency. When the counter matches the
value in the CHxVAL register of an output compare channel, the channel (n) output can be
set, cleared, or toggled based on CHXCOMCTL. when the counter reaches the value in the
CHxVAL register, the CHxIF bit is set and the channel (n) interrupt is generated if CHxIE = 1.
And the DMA request will be assert, if CxCDE=1.

So the process can be divided to several steps as below:
Step1: Clock configuration. Such as clock source, clock prescaler and so on.

Step2: Compare mode configuration.
* Set the shadow enable mode by CHXCOMSEN
* Set the output mode (Set/Clear/Toggle) by CHxCOMCTL.
* Select the active high polarity by CHxP/CHxNP
* Enable the output by CHXEN

Step3: Interrupt/DMA-request enables configuration by CHxIE/CxCDE

Step4: Compare output timing configuration by TIMERx_CAR and TIMERx_CHxCV.
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About the CHxVAL, you can change it on the go to meet the waveform you expected.
Step5: Start the counter by CEN.

The timechart below show the three compare modes toggle/set/clear. CAR=0x63,
CHxVAL=0x3

Figure 16-50. Output-compare under three modes
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Output PWM function

In the output PWM function (by setting the CHxCOMCTL bits to 3'b110 (PWM mode0) or to
3b 111(PWM mode1), the channel can outputs PWM waveform according to the
TIMERx_CAR registers and TIMERx_CHXxCYV registers.

Based on the counter mode, we have can also divide PWM into EAPWM (Edge aligned PWM)
and CAPWM (Centre aligned PWM).

The EAPWM period is determined by TIMERx_CAR and duty cycle is by TIMERx_CHXxCV.
Figure 16-51. EAPWM timechart shows the EAPWM output and interrupts waveform.

The CAPWM period is determined by 2*TIMERx_CAR, and duty cycle is determined by
2*TIMERx_CHxCV. Fiqure 16-52. CAPWM timechart shows the CAPWM output and
interrupt waveform.

If TIMERx_CHXxCYV is greater than TIMERx_CAR, the output will be always active under PWM
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mode0 (CHxCOMCTL==3'b110).
And if TIMERx_CHxCV is equal to zero, the output will be always inactive under PWM mode0
(CHXCOMCTL==3'b110).

Figure 16-51. EAPWM timechart
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Figure 16-52. CAPWM timechart
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Channel output prepare signal
When the TIMERX is used in the compare match output mode, the OxCPRE signal (Channel
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x Output prepare signal) is defined by setting the CHXCOMCTL filed. The OxCPRE signal has
several types of output function. These include, keeping the original level by setting the
CHxCOMCTL field to 0x00, set to 1 by setting the CHXCOMCTL field to 0x01, set to 0 by
setting the CHxCOMCTL field to 0x02 or signal toggle by setting the CHxCOMCTL field to
0x03 when the counter value matches the content of the TIMERx_CHXxCYV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
is setup by setting the CHxCOMCTL field to 0x06/0x07. In these modes, the OxCPRE signal
level is changed according to the counting direction and the relationship between the counter
value and the TIMERx_CHxCV content. With regard to a more detail description refer to the
relative bit definition.

Another special function of the OxCPRE signal is a forced output which can be achieved by
setting the CHxCOMCTL field to 0x04/0x05. Here the output can be forced to an
inactive/active level irrespective of the comparison condition between the counter and the
TIMERx_CHXxCYV values.

Master-slave management

The TIMERX can be synchronized with a trigger in several modes including the Restart mode,
the Pause mode and the Event mode which is selected by the SMC [2:0] in the
TIMERx_SMCFG register. The trigger input of these modes can be selected by the TRGS
[2:0] in the TIMERX_SMCFG register.

Table 16-6. Examples of slave mode

3'b100 (restart mode) |001: ITI1
CHxP and CHxNP for the

111: Reserved

Mode Selection Source Selection Polarity Selection Filter and Prescaler
TRGS[2:0] ]
LIST SMCJ[2:0] 000: ITI0 If you choose the CIOFEQ or|For the ITIx no filter and

CI1FE1, configure the|prescaler can be used.

010: ITI2 For the Clx, configure
3'b101 (pause mode) polarity  selection and
011:ITI3 ) ) Filter by CHxCAPFLT, no
inversion.
3'b110 (event mode) 100: CIOF_ED prescaler can be used.
101: CIOFEO
110: CI1FE1

TRGS[2:0]=3'b000
Exam1 Restart mode - -
For ITIO, no polarity selector
ITIO is the For the ITIO, no
The counter can be can be used.

clear and restart when a

rising trigger input.

filter and

selection. prescaler can be used.
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Mode Selection

Source Selection

Polarity Selection

Filter and Prescaler

Figure 16-53. Restart mode
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Figure 16-54. Pause mode
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Mode Selection Source Selection Polarity Selection Filter and Prescaler

Figure 16-55. Event mode
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Single pulse mode

Single pulse mode is opposite to the repetitive mode, which can be enabled by setting SPM
in TIMERx_CTLO. When you set SPM, the counter will be clear and stop when the next update
event. In order to get pulse waveform, you can set the TIMERx to PWM mode or compare by
CHxCOMCTL.

Once the timer is set to operate in the single pulse mode, it is not necessary to set the timer
enable bit CEN in the TIMERx_CTLO register to 1 to enable the counter. The trigger to
generate a pulse can be sourced from the trigger signals edge or by setting the CEN bit to 1
using software. Setting the CEN bit to 1 or a trigger from the trigger signals edge can generate
a pulse and then keep the CEN bit at a high state until the update event occurs or the CEN
bit is written to 0 by software. If the CEN bit is cleared to 0 using software, the counter will be
stopped and its value held.

In the single pulse mode, the trigger active edge which sets the CEN bit to 1 will enable the
counter. However, there exist several clock delays to perform the comparison result between
the counter value and the TIMERx_CHxCV value. In order to reduce the delay to a minimum
value, the user can set the CHXCOMFEN bit in each TIMERx_CHCTLO/1 register. After a
trigger rising occurs in the single pulse mode, the OxCPRE signal will immediately be forced
to the state which the OxCPRE signal will change to, as the compare match event occurs
without taking the comparison result into account. The CHxCOMFEN bit is available only
when the output channel is configured to operate in the PWMO or PWM1 output mode and
the trigger source is derived from the trigger signal.

Figure 16-56. Single pulse mode TIMERx CHxCV = 4 TIMERx CAR=99 shows an
example.
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Figure 16-56. Single pulse mode TIMERx_CHxCV = 4 TIMERx_CAR=99
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Timers interconnection

Refer to Advanced timer (TIMERXx, x=0, 7).

Timer debug mode

When the Cortex®-M4 halted, and the TIMERx_HOLD configuration bit in DBG_CTLO register

set to 1, the TIMERX counter stops.
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16.3.5. TIMERXx registers(x=8, 11)
TIMERS base address: 0x4001 4C00
TIMER11 base address: 0x4000 1800

Control register 0 (TIMERx_CTLO)

Address offset: 0x00
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 CKDIVI[1:0] ‘ ARSE ‘ Reserved ‘ SPM ‘ UPS | UPDIS ‘ CEN ‘
w w w w w r
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9:8 CKDIV[1:0] Clock division

The CKDIV bits can be configured by software to specify division factor between
the CK_TIMER and the dead-time and digital filter sample clock (DTS).

00: fors=fck_TIMER

01: fors= fck_TIMER /2

10: fors= fck_TIMER /4

11: Reserved

7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERx_CAR register is disabled
1: The shadow register for TIMERx_CAR register is enabled

6:4 Reserved Must be kept at reset value.

3 SPM Single pulse mode.
0: Single pulse mode disable. The counter continues after update event.
1: Single pulse mode enable. The counter counts until the next update event

occurs.

2 UPS Update source
This bit is used to select the update event sources by software.
0: These events generate update interrupts or DMA requests:
The UPG bit is set
The counter generates an overflow or underflow event
The restart mode generates an update event.
1: This event generates update interrupts or DMA requests:

The counter generates an overflow or underflow event
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1 UPDIS Update disable.

This bit is used to enable or disable the update event generation.

0: Update event enable. When an update event occurs, the corresponding shadow
registers are loaded with their preloaded values. These events generate update
event:

The UPG bit is set

The counter generates an overflow or underflow event

The restart mode generates an update event.
1: Update event disable.
Note: When this bit is set to 1, setting UPG bit or the restart mode does not

generate an update event, but the counter and prescaler are initialized.

0 CEN Counter enable
0: Counter disable
1: Counter enable
The CEN bit must be set by software when timer works in external clock, pause

mode and encoder mode.

Slave mode configuration register (TIMERx_SMCFG)

Address offset: 0x08
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ MSM ‘ TRGS[2:0] Reserved SMCJ2:0]
w w w w
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7 MSM Master-slave mode

This bit can be used to synchronize selected timers to begin counting at the same
time. The TRGI is used as the start event, and through TRGO, timers are
connected together.

0: Master-slave mode disable

1: Master-slave mode enable

6:4 TRGS[2:0] Trigger selection
This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.
000: ITIO
001: 1TI1
010: ITI2
011:1TI3
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100: CIOF_ED
101: CIOFEO
110: CHMFE1

111: Reserved.

These bits must not be changed when slave mode is enabled.
3 Reserved Must be kept at reset value.

2:0 SMC[2:0] Slave mode control
000: Disable mode. The slave mode is disabled; The prescaler is clocked directly
by the internal clock (TIMER_CK) when CEN bit is set high.
001: Reserved.
010: Reserved.
011: Reserved.
100: Restart mode. The counter is reinitialized and an update event is generated
on the rising edge of the selected trigger input.
101: Pause mode. The trigger input enables the counter clock when it is high and
disables the counter clock when it is low.
110: Event mode. A rising edge of the trigger input enables the counter.
111: External clock mode0. The counter counts on the rising edges of the selected

trigger.

Interrupt enable register (TIMERx_DMAINTEN)

Address offset: 0x0C
Reset value: 0x0000

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

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ TRGIE ’ Reserved ‘ CH1IE ’ CHOIE ‘ UPIE ‘
w w w w
Bits Fields Descriptions
15:7 Reserved Must be kept at reset value.
6 TRGIE Trigger interrupt enable
0: disabled
1: enabled
5:3 Reserved Must be kept at reset value.
2 CH1IE Channel 1 capture/compare interrupt enable
0: disabled
1: enabled
1 CHOIE Channel 0 capture/compare interrupt enable
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0: disabled
1: enabled
0 UPIE Update interrupt enable
0: disabled
1: enabled
Interrupt flag register (TIMERX_INTF)
Address offset: 0x10
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CH10F ‘ CHOOF ‘ Reserved ‘ TRGIF ‘ Reserved ‘ CH1IF | CHOIF ‘ UPIF ‘
rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
15:11 Reserved Must be kept at reset value.
10 CH10F Channel 1 over capture flag
Refer to CHOOF description
9 CHOOF Channel 0 over capture flag
When channel 0 is configured in input mode, this flag is set by hardware when a
capture event occurs while CHOIF flag has already been set. This flag is cleared
by software.
0: No over capture interrupt occurred
1: Over capture interrupt occurred
8.7 Reserved Must be kept at reset value.
6 TRGIF Trigger interrupt flag
This flag is set on trigger event and cleared by software. When in pause mode,
both edges on trigger input generates a trigger event, otherwise, only an active
edge on trigger input can generates a trigger event.
0: No trigger event occurred.
1: Trigger interrupt occurred.
5:3 Reserved Must be kept at reset value.
2 CH1IF Channel 1 ‘s capture/compare interrupt flag
Refer to CHOIF description
1 CHOIF Channel 0 ‘s capture/compare interrupt flag

This flag is set by hardware and cleared by software. When channel 0 is in input
mode, this flag is set when a capture event occurs. When channel 0 is in output
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0 UPIF

mode, this flag is set when a compare event occurs.
If ChannelO is set to input mode, this bit will be reset by reading TIMERx_CHOCV.
0: No Channel Ointerrupt occurred

1: Channel 0 interrupt occurred

Update interrupt flag

This bit is set by hardware on an update event and cleared by software.
0: No update interrupt occurred

1: Update interrupt occurred

Software event generation register (TIMERx_SWEVG)

Address offset: 0x14
Reset value: 0x0000

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

15 14 13

10 9 8 7 6 5 4 3 2 1 0

‘ TRGG ‘ Reserved. ‘ CH1G | CHOG ‘ UPG ‘

Bits Fields

w w w w

Descriptions

15:7 Reserved

6 TRGG

5:3 Reserved

2 CH1G

1 CHOG

0 UPG

Must be kept at reset value.

Trigger event generation

This bit is set by software and cleared by hardware automatically. When this bit is
set, the TRGIF flag in TIMERx_STAT register is set, related interrupt or DMA
transfer can occur if enabled.

0: No generate a trigger event

1: Generate a trigger event

Must be kept at reset value.

Channel 1’s capture or compare event generation
Refer to CHOG description

Channel 0’s capture or compare event generation

This bit is set by software in order to generate a capture or compare event in
channel 0, it is automatically cleared by hardware. When this bit is set, the CH1IF
flag is set, the corresponding interrupt or DMA request is sent if enabled. In
addition, if channel 1 is configured in input mode, the current value of the counter
is captured in TIMERx_CHOCYV register, and the CHOOF flag is set if the CHOIF
flag was already high.

0: No generate a channel 1 capture or compare event

1: Generate a channel 1 capture or compare event

This bit can be set by software, and cleared by hardware automatically. When this
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bit is set, the counter is cleared. The prescaler counter is cleared at the same
time.
0: No generate an update event
1: Generate an update event
Channel control register 0 (TIMERx_CHCTLO)
Address offset: 0x18
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
CH1COM | CH1COM CHOCOM | CHOCOM
Reserved CH1COMCTL[2:0] Reserved CHOCOMCTL[2:0]
SEN FEN CH1MS[1:0] SEN FEN CHOMS[1:0]
CH1CAPFLT[3:0] CH1CAPPSC[1:0] CHOCAPFLT[3:0] CHOCAPPSC[1:0]
w w w w w w
Output compare mode:
Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14:12 CH1COMCTL[2:0] Channel 1 compare output control
Refer to CHOCOMCTL description
11 CH1COMSEN Channel 1 output compare shadow enable
Refer to CHOCOMSEN description
10 CH1COMFEN Channel 1 output compare fast enable
Refer to CHOCOMFEN description
9:8 CH1MS[1:0] Channel 1 mode selection
This bit-field specifies the direction of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CH1EN bit in
TIMERx_CHCTL2 register is reset).
00: Channel 1 is programmed as output mode
01: Channel 1 is programmed as input mode, 1S1 is connected to CI1FE1
10: Channel 1 is programmed as input mode, 1S1 is connected to CIOFE1
11: Channel 1 is programmed as input mode, IS1 is connected to ITS.
Note: When CH1MS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.
7 Reserved Must be kept at reset value.
6:4 CHOCOMCTLI[2:0] Channel 0 compare output control

This bit-field specifies the compare output mode of the the output prepare signal
OO0CPRE. In addition, the high level of OOCPRE is the active level, and CHO_O and
CHO_ON channels polarity depends on CHOP and CHONP bits.
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000: Timing mode. The OOCPRE signal keeps stable, independent of the
comparison between the register TIMERx_CHOCV and the counter TIMERx_CNT.
001: Set the channel output. OOCPRE signal is forced high when the counter is
equals to the output compare register TIMERx_CHOCV.
010: Clear the channel output. OOCPRE signal is forced low when the counter is
equals to the output compare register TIMERx_CHOCV.
011: Toggle on match. OOCPRE toggles when the counter is equals to the output
compare register TIMERx_CHOCV.
100: Force low. OOCPRE is forced to low level.
101: Force high. OOCPRE is forced to high level.
110: PWM mode0. When counting up, OOCPRE is high when the counter is smaller
than TIMERx_CHOCV, and low otherwise. When counting down, O0OCPRE is low
when the counter is larger than TIMERx_CHOCYV, and high otherwise.
111: PWM mode1. When counting up, OOCPRE is low when the counter is smaller
than TIMERx_CHOCYV, and high otherwise. When counting down, OOCPRE is high
when the counter is larger than TIMERx_CHOCYV, and low otherwise.
If configured in PWM mode, the O0OCPRE level changes only when the output
compare mode is adjusted from “Timing” mode to “PWM” mode or the comparison
result changes.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00(COMPARE MODE).

3 CHOCOMSEN Channel 0 compare output shadow enable
When this bit is set, the shadow register of TIMERx_CHOCYV register, which updates
at each update event, will be enabled.
0: Channel 0 output compare shadow disable
1: Channel 0 output compare shadow enable
The PWM mode can be used without verifying the shadow register only in single
pulse mode (when SPM=1)
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
11 and CHOMS bit-filed is 00.

2 CHOCOMFEN Channel 0 output compare fast enable
When this bit is set, the effect of an event on the trigger in input on the
capture/compare output will be accelerated if the channel is configured in PWMO or
PWM1 mode. The output channel will treat an active edge on the trigger input as a
compare match, and CHO_O is set to the compare level independently from the
result of the comparison.
0: Channel 0 output quickly compare disable.
1: Channel 0 output quickly compare enable.

1:0 CHOMSI1:0] Channel 0 I/O mode selection

This bit-field specifies the work mode of the channel and the input signal selection.
This bit-field is writable only when the channel is not active. (CHOEN bit in
TIMERx_CHCTLZ2 register is reset).).
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00: Channel 0 is programmed as output mode

01: Channel 0 is programmed as input mode, 1S0 is connected to CIOFEO

10: Channel 0 is programmed as input mode, 1S0 is connected to CI1FEOQ

11: Channel 0 is programmed as input mode, IS0 is connected to ITS

Note: When CHOMS[1:0]=11, it is necessary to select an internal trigger input
through TRGS bits in TIMERx_SMCFG register.

Input capture mode:

Bits Fields Descriptions
15:12 CH1CAPFLT[3:0] Channel 1 input capture filter control
Refer to CHOCAPFLT description

11:10 CH1CAPPSCI1:0] Channel 1 input capture prescaler
Refer to CHOCAPPSC description

9:8 CH1MS[1:0] Channel 1 mode selection
Same as Output compare mode

7:4 CHOCAPFLT[3:0] Channel 0 input capture filter control
The CIO input signal can be filtered by digital filter and this bit-field configure the
filtering capability.
Basic principle of digital filter: continuously sample the CIO input signal according to
fsamp and record the number of times of the same level of the signal. After reaching
the filtering capacity configured by this bit, it is considered to be an effective level.
The filtering capability configuration is as follows:
CHOCAPFLT [3:0] Times fsamp
4’b0000 Filter disabled.
4’b0001
4’b0010
4’b0011
4’b0100
4’b0101
4'b0110
4’b0111
4’b1000
4’b1001
4’b1010
4’b1011
4’b1100
4'b1101
4'b1110
4'b1111
3:2 CHOCAPPSCI1:0] Channel 0 input capture prescaler
This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler

fck_TIMER

fors/2

fors/4

fors/8

fors/16

fors/32

OO ||| |00 |O |00 |H|N
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is reset when CHOEN bit in TIMERx_CHCTL2 register is clear.

00: Prescaler disable, input capture occurs on every channel input edge

01: The input capture occurs on every 2 channel input edges
10: The input capture occurs on every 4 channel input edges

11: The input capture occurs on every 8 channel input edges

1:0 CHOMSI1:0] Channel 0 mode selection
Same as Output compare mode

Channel control register 2 (TIMERx_CHCTLZ2)

Address offset: 0x20
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 ‘ CH1INP |Reserved| CH1P ‘ CH1EN ‘ CHONP [Reserved | CHOP ‘ CHOEN ‘
w w w w w w
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7 CH1INP Channel 1 complementary output polarity

Refer to CHONP description
6 Reserved Must be kept at reset value.

5 CH1P Channel 1 capture/compare function polarity
Refer to CHOP description

4 CH1EN Channel 1 capture/compare function enable
Refer to CH1EN description

3 CHONP Channel 0 complementary output polarity
When channel 0 is configured in output mode, this bit should be keep reset value.
When channel 0 is configured in input mode, together with CHOP, this bit is used
to define the polarity of CIO.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is

11 or 10.
2 Reserved Must be kept at reset value.
1 CHOP Channel 0 capture/compare function polarity

When channel 0 is configured in output mode, this bit specifies the output signal
polarity.
0: Channel 0 high level is active level

1: Channel 0 low level is active level

409



€

GigaDevice GD32F30x User Manual
When channel 0 is configured in input mode, this bit specifies the CIO signal
polarity.

[CHONP, CHOP] will select the active trigger or capture polarity for CIOFEO or
CHMFEO.

[CHONP==0, CHOP==0]: CIxFEQ’s rising edge is the active signal for capture or
trigger operation in slave mode. And CIXFEO will not be inverted.

[CHONP==0, CHOP==1]: CIxFEOQ’s falling edge is the active signal for capture or
trigger operation in slave mode. And CIXFEO will be inverted.

[CHONP==1, CHOP==0]: Reserved.

[CHONP==1, CHOP==1]: Reserved.

0 CHOEN Channel 0 capture/compare function enable
When channel 0 is configured in output mode, setting this bit enables CHO_O
signal in active state. When channel 0 is configured in input mode, setting this bit
enables the capture event in channelO.

0: Channel 0 disabled
1: Channel 0 enabled
Counter register (TIMERx_CNT)
Address offset: 0x24
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CNT[15:0]
w

Bits Fields Descriptions

15:0 CNTI[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change
the value of the counter.

Prescaler register (TIMERx_PSC)
Address offset: 0x28
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
PSC[15:0]
w
Bits Fields Descriptions
15:0 PSC[15:0] Prescaler value of the counter clock
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The TIMER_CK clock is divided by (PSC+1) to generate the counter clock. The
value of this bit-filed will be loaded to the corresponding shadow register at every
update event.
Counter auto reload register (TIMERx_CAR)
Address offset: 0x2C
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CARL[15:0]
w
Bits Fields Descriptions
15:0 CARL[15:0] Counter auto reload value
This bit-filed specifies the auto reload value of the counter.
This bit-filed specifies the auto reload value of the counter.
Note: When the timer is configured in input capture mode, this register must be
configured a non-zero value (such as OxFFFF) which is larger than user expected
value.
Channel 0 capture/compare value register (TIMERx_CHOCV)
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
CHOVAL[15:0]
w
Bits Fields Descriptions
15:0 CHOVAL[15:0] Capture or compare value of channelO

When channel 0 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.

When channel 0 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the

shadow register updates every update event.

Channel 1 capture/compare value register (TIMERx_CH1CV)

Address offset: 0x38
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Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH1VAL[15:0]
w
Bits Fields Descriptions
15:0 CH1VAL[15:0] Capture or compare value of channel1
When channel 1 is configured in input mode, this bit-filed indicates the counter
value corresponding to the last capture event. And this bit-filed is read-only.
When channel 1 is configured in output mode, this bit-filed contains value to be
compared to the counter. When the corresponding shadow register is enabled, the
shadow register updates every update event.
Configuration register (TIMERx_CFG )
Address offset: OxFC
Reset value: 0x0000
This register can be accessed by half-word (16-bit) or word (32-bit)
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Reserved ’CHVSEL Reserved
w
Bits Fields Descriptions
15:2 Reserved Must be kept at reset value.
1 CHVSEL Write CHxVAL register selection
This bit-field set and reset by software.
1: If write the CHxVAL register, the write value is same as the CHxVAL value, the
write access ignored
0: No effect
0 Reserved Must be kept at reset value.
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16.4. General level2 timer (TIMERX, x=9, 10, 12, 13)
16.4.1. Overview
The general level2 timer module (Timer9, 10, 12, 13) is a one-channel timer that supports
input capture, output compare. They can generate PWM signals to control motor or be used
for power management applications. The general level2 time reference is a 16-bit counter
that can be used as an unsigned counter.
In addition, the general level2 timers can be programmed and be used to count or time
external events that drive other Timers.
16.4.2. Characteristics
B Total channel num: 1.
B Counter width: 16 bits.
B Source of count clock: internal clock.
B Counter mode: count up only.
B Programmable prescaler: 16 bit. Factor can be changed on the go.
B Each channel is user-configurable:
Input capture mode, output compare mode, programmable and PWM mode.
B Auto-reload function.
B Interrupt output on: update , compare/capture event.
16.4.3. Block diagram

Figure 16-57. General level2 timer block diagram provides details on the internal
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configuration of the general level2 timer.

Figure 16-57. General level2 timer block diagram
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16.4.4. Function overview

Clock source configuration

The general level2 TIMER can only being clocked by the CK_TIMER.

B Internal timer clock CK_TIMER which is from module RCU

The general level2 TIMER has only one clock source which is the internal CK_TIMER, used
to drive the counter prescaler. When the CEN is set, the CK_TIMER will be divided by PSC
value to generate PSC_CLK.

The TIMER_CK, driven counter’s prescaler to count, is equal to CK_TIMER which is from
RCU

Figure 16-58. Timing chart of internal clock divided by 1

CK_TIMER J_|_—|_ —|_—|_—|_

CEN

update event
generate(UPG)

Reload Pulse

Update event (UPE)

HyuuugyuyL

PSC_CLK = TIMER_CK

jun

)

CNT_REG 17

Clock prescaler

The counter clock (PSC_CK) is obtained by the TIMER_CK through the prescaler, and the
prescale factor can be configured from 1 to 65536 through the prescaler register
(TIMERx_PSC). The new written prescaler value will not take effect until the next update
event.

415



€

GigaDevice

GD32F30x User Manual

Figure 16-59. Timing chart of PSC value change from 0 to 2
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Counter up counting

In this mode, the counter counts up continuously from 0 to the counter-reload value, which is
defined in the TIMERX_CAR register, in a count-up direction. Once the counter reaches the
counter reload value, the counter will start counting up from 0 again. The update event is
generated at each counter overflow. The counting direction bit DIR in the TIMERx_CTL1
register should be set to 0 for the up counting mode.

When the update event is set by the UPG bit in the TIMERXx_SWEVG register, the counter
value will be initialized to 0 and generates an update event.

If the UPDIS bit in TIMERxX_CTLO register is set, the update event is disabled.

When an update event occurs, all the shadow registers (counter auto reload register,
prescaler register) are updated.

The following figures show some examples of the counter behavior for different clock
prescaler factor when TIMERx_CAR=0x99.
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Figure 16-60. Timing chart of up counting mode, PSC=0/2
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Figure 16-61. Timing chart of up counting mode, change TIMERx_CAR on the go
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Input capture and output compare channels

The general level2 timer has one independent channel which can be used as capture inputs
or compare match outputs. Each channel is built around a channel capture compare register
including an input stage, channel controller and an output stage.

Channel input capture function

Channel input capture function allows the channel to perform measurements such as pulse
timing, frequency, period, duty cycle and so on. The input stage consists of a digital filter, a
channel polarity selection, edge detection and a channel prescaler. When a selected edge
occurs on the channel input, the current value of the counter is captured into the
TIMERXx_CHXxCYV register, at the same time the CHxIF bit is set and the channel interrupt is
generated if enabled by CHxIE = 1.

Figure 16-62. Channel input capture principle
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First, the channel input signal (CIx) is synchronized to TIMER_CK domain, and then sampled
by a digital filter to generate a filtered input signal. Then through the edge detector, the rising
and fall edge are detected. You can select one of them by CHxP. One more selector is for the
other channel and trig, controlled by CHxMS. The IC_prescaler make several the input event
generate one effective capture event. On the capture event, TIMERXx_CHxCV will restore the
value of counter.

So the process can be divided to several steps as below:
Step1: Filter configuration. (CHxCAPFLT in TIMERx_CHCTLO)
Based on the input signal and requested signal quality, configure compatible
CHxCAPFLT.
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Step2: Edge selection. (CHxP/CHxNP in TIMERx_CHCTLZ2)
Rising or falling edge, choose one by CHxP/CHxNP.

Step3: Capture source selection. (CHxMS in TIMERx_CHCTLO)
As soon as you select one input capture source by CHxMS, you have set the channel
to input mode ( CHxMS!=0x0) and TIMERx_CHxCV cannot be written any more.

Step4: Interrupt enable. (CHXIE in TIMERx_DMAINTEN)
Enable the related interrupt enable; you can got the interrupt.

Step5: Capture enables. (CHXEN in TIMERx_CHCTL2)

Result: When you wanted input signal is got, TIMERx_CHxCV will be set by Counter’s value.
And CHXxIF is asserted. If the CHxIF is high, the CHxOF will be asserted also. The interrupt
will be asserted based on the your configuration of CHxIE in TIMERx_DMAINTEN

Direct generation: If you want to generate a DMA request or Interrupt, you can set CHxG by
software directly.

The channel input capture function can be also used for pulse width measurement from
signals on the TIMERx_CHx pins. For example, PWM signal connect to CIO input. Select
channel 0 capture signals to CI0 by setting CHOMS to 2’b01 in the channel control register
(TIMERx_CHCTLO) and set capture on rising edge. Select channel 1 capture signal to CI0 by
setting CH1MS to 2'b10 in the channel control register (TIMERx_CHCTLO) and set capture
on falling edge. The counter set to restart mode and restart on channel 0 rising edge. Then
the TIMERX_CHOCV can measure the PWM period and the TIMERx_CH1CV can measure
the PWM duty.

Channel output compare function

In channel Compare function, the TIMERx can generate timed pulses with programmable
position, polarity, duration, and frequency. When the counter matches the value in the
CHxVAL register of an output compare channel, the channel (n) output can be set, cleared,
or toggled based on CHxCOMCTL. when the counter reaches the value in the CHxVAL
register, the CHxIF bit is set and the channel (n) interrupt is generated if CHxIE = 1.

So the process can be divided to several steps as below:
Step1: Clock configuration. Such as clock source, clock prescaler and so on.

Step2: Compare mode configuration.
* Set the shadow enable mode by CHxCOMSEN
* Set the output mode (Set/Clear/Toggle) by CHxCOMCTL.
* Select the active high polarity by CHxP/CHxNP
* Enable the output by CHXEN

Step3: Interrupt/DMA-request enables configuration by CHxIE

Step4: Compare output timing configuration by TIMERx_CAR and TIMERx_CHxCV.
About the CHxVAL, you can change it on the go to meet the waveform you expected.

Step5: Start the counter by CEN.
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The timechart below show the three compare modes toggle/set/clear. CAR=0x63,
CHxVAL=0x3

Figure 16-63. Output-compare under three modes
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Channel output prepare signal

When the TIMERX is used in the compare match output mode, the OxCPRE signal (Channel
x Output prepare signal) is defined by setting the CHXxCOMCTL filed. The OxCPRE signal has
several types of output function. These include, keeping the original level by setting the
CHxCOMCTL field to 0x00, set to 1 by setting the CHxCOMCTL field to 0x01, set to 0 by
setting the CHxCOMCTL field to 0x02 or signal toggle by setting the CHxCOMCTL field to
0x03 when the counter value matches the content of the TIMERx_CHXxCYV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
is setup by setting the CHxCOMCTL field to 0x06/0x07. In these modes, the OxCPRE signal
level is changed according to the counting direction and the relationship between the counter
value and the TIMERx_CHxCV content. With regard to a more detail description refer to the
relative bit definition.

Another special function of the OxCPRE signal is a forced output which can be achieved by
setting the CHxCOMCTL field to 0x04/0x05. Here the output can be forced to an
inactive/active level irrespective of the comparison condition between the counter and the
TIMERXx_CHxCYV values.
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Timers interconnection

Refer to Advanced timer (TIMERXx, x=0, 7).

Timer debug mode

When the Cortex®-M4 halted, and the TIMERx_HOLD configuration bitin DBG_CTLO register
set to 1, the TIMERX counter stops.
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16.4.5. TIMERX registers(x=9, 10, 12, 13)

TIMER9 base address: 0x4001 5000
TIMER10 base address: 0x4001 5400
TIMER12 base address: 0x4000 1C00

TIMER13 base address: 0x4000 2000
Control register 0 (TIMERx_CTLO)

Address offset: 0x00
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 CKDIVI[1:0] ‘ ARSE ‘ Reserved ‘ UPS | UPDIS ‘ CEN ‘
w w w w w
Bits Fields Descriptions
15:10 Reserved Must be kept at reset value.
9:8 CKDIV[1:0] Clock division

The CKDIV bits can be configured by software to specify division factor between
the CK_TIMER and the dead-time and digital filter sample clock (DTS).

00: fors=fck_TIMER

01: fors= fck_TIMER /2

10: fors= fck_TIMER /4

11: Reserved

7 ARSE Auto-reload shadow enable
0: The shadow register for TIMERx_CAR register is disabled
1: The shadow register for TIMERx_CAR register is enabled

6:3 Reserved Must be kept at reset value.

2 UPS Update source
This bit is used to select the update event sources by software.
0: These events generate update interrupts or DMA reque