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1.

1.1.

System and memory architecture

The devices of GD32F10x series are 32-bit general-purpose microcontrollers based on the
ARM® Cortex™-M3 processor. The ARM® Cortex™-M3 processor includes three AHB buses
known as I-Code, D-Code and System buses. All memory accesses of the ARM® Cortex™ -
M3 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-M3 processor

The Cortex™-M3 processor is a 32-bit processor that features low interrupt latency and low-
cost debug. Integrated and advanced features make the Cortex™-M3 processor suitable for
market products that require microcontrollers with high performance and low power
consumption. The Cortex™-M3 processor is based on the ARMv7 architecture and supports
a powerful and scalable instruction set including general data processing 1/0O control tasks
and advanced data processing bit field manipulations. Some system peripherals listed below
are also provided by Cortex™-M3:

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).

Embedded Trace Macrocell (ETM).

Serial Wire JTAG Debug Port (SWJ-DP).

Trace Port Interface Unit (TPIU).

Memory Protection Unit (MPU).

Figure 1-1. The structure of the Cortex™-M3 processor shows the Cortex™-M3 processor

block diagram. For more information, refer to the ARM® Cortex™-M3 Technical Reference
Manual.
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Figure 1-1. The structure of the Cortex™-M3 processor
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Note: The functions of ETM and MPU do not exist in the GD32F101xx and GD32F103xx
microcontrollers with the flash memory density less than 256 Kbytes.

1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32F10x 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-1 | 1
FMC-D 1 1 1
SRAM | 1 1 1 1 1 1
EXMC | 1 1 1 1 1 1
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IBUS |DBUS | SBUS [ DMAO |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™-M3 core, which is used for instruction/vector fetches from the Code region (0x0000
0000 ~ Ox1FFF FFFF). DBUS is the data bus of the Cortex™-M3 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™-M3 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 DMAL 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-l 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.
APBL1 is limited to 54 MHz, APB2 operates at full speed (up to 108MHz 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. GD32F10x Medium-density series system architecture
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Figure 1-3. GD32F10x High-density series system architecture
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Figure 1-4. GD32F10x Extra-density series system architecture
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Figure 1-5. GD32F10x Connectivity line series system architecture
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1.3. Memory map

The ARM® Cortex™-M3 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 1/O ports are organized within the same linear 4-Gbyte
address space which is the maximum address range of the Cortex™-M3 since the bus
address width is 32-bit. Additionally, a pre-defined memory map is provided by the Cortex™-
M3 processor to reduce the software complexity of repeated implementation of different
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device vendors. In the map, some regions are used by the ARM® Cortex™-M3 system
peripherals which can not be modified. However, the other regions are available to the

vendors. Table 1-2. Memory map of GD32F10x devices shows the memory map of the

GD32F10x 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 GD32F10x devices

Pre-defined .
Regions Bus Address Peripherals
External
device 0xA000 0000 - 0XxA000 OFFF EXMC - SWREG
0x9000 0000 - OX9FFF FFFF EXMC - PC CARD
AHB 0x7000 0000 - Ox8FFF FFFF EXMC - NAND

External RAM EXMC -

0x6000 0000 - Ox6FFF FFFF NOR/PSRAM/SRA
M
0x5000 0000 - 0x5003 FFFF USBFS
0x4008 0000 - OX4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF Reserved
0x4002 BCOO - 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF Reserved
0x4002 AOOO - 0x4002 AFFF Reserved
0x4002 8000 - 0x4002 9FFF ENET
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF Reserved
0x4002 6000 - 0x4002 63FF Reserved
0x4002 5000 - 0x4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF Reserved
Peripheral AHB 0x4002 3C00 - 0x4002 3FFF Reserved

0x4002 3800 - 0x4002 3BFF Reserved
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF Reserved
0x4002 2400 - 0x4002 27FF Reserved
0x4002 2000 - 0x4002 23FF FMC
0x4002 1CO00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
0x4002 0CO00 - 0x4002 OFFF Reserved
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Pre-defined

Regions

Bus Address Peripherals
0x4002 0800 - 0x4002 OBFF Reserved
0x4002 0400 - 0x4002 O7FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 8400 - 0x4001 FFFF Reserved
0x4001 8000 - 0x4001 83FF SDIO
0x4001 7CO00 - 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 4CO00 - 0x4001 4FFF TIMERS
0x4001 4800 - 0x4001 4BFF Reserved
0x4001 4400 - 0x4001 47FF Reserved
0x4001 4000 - 0x4001 43FF Reserved
0x4001 3CO00 - 0x4001 3FFF ADC2

APB2 0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF TIMER7
0x4001 3000 - 0x4001 33FF SPIO
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF ADC1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF GPIOG
0x4001 1CO00 - 0x4001 1FFF GPIOF
0x4001 1800 - 0x4001 1BFF GPIOE
0x4001 1400 - 0x4001 17FF GPIOD
0x4001 1000 - 0x4001 13FF GPIOC
0x4001 0CO0O0 - 0x4001 OFFF GPIOB
0x4001 0800 - 0x4001 OBFF GPIOA
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 03FF AFIO
0x4000 CCO0O0 - 0x4000 FFFF Reserved
0x4000 C800 - 0x4000 CBFF Reserved

APB1 0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF Reserved
0x4000 8000 - 0x4000 BFFF Reserved
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Pre-defined
Regions Bus Address Peripherals
0x4000 7CO00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PMU
0x4000 6CO00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF CAN1
0x4000 6400 - 0x4000 67FF CANO
0x4000 6000 - 0x4000 63FF Shared USBD/CAN
SRAM 512 bytes

0x4000 5C00 - 0x4000 5FFF USBD
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4CO00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF SPI2/12S2
0x4000 3800 - 0x4000 3BFF SPI1/12S1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2CO00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1CO00 - 0x4000 1FFF TIMER12
0x4000 1800 - 0x4000 1BFF TIMER11
0x4000 1400 - 0x4000 17FF TIMERG6
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0CO00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
0x4000 0400 - 0x4000 O7FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x2007 0000 - Ox3FFF FFFF Reserved
0x2006 0000 - 0x2006 FFFF Reserved
0x2003 0000 - 0x2005 FFFF Reserved

SRAM AHB 0x2002 0000 - 0x2002 FFFF Reserved
0x2001 C000 - 0x2001 FFFF Reserved
0x2001 8000 - 0x2001 BFFF Reserved
0x2000 5000 - 0x2001 7FFF SRAM
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Pre-defined

Regions Bus Address Peripherals
0x2000 0000 - 0x2000 4FFF
Ox1FFF F810 - Ox1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option Bytes
Ox1FFF FOOO - Ox1FFF F7FF
Ox1FFF E000 - OX1FFF EFFF Boot loader
Ox1FFF B0OOO - Ox1FFF DFFF
Ox1FFF 7A10 - OX1FFF AFFF Reserved
Ox1FFF 7800 - OX1FFF 7AO0F Reserved
Ox1FFF 0000 - OX1FFF 77FF Reserved
Ox1FFE CO010 - OX1FFE FFFF Reserved

Code AHB Ox1FFE CO000 - Ox1FFE COOF Reserved
0x1001 0000 - OX1FFE BFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x083C 0000 - OXOFFF FFFF Reserved
0x0830 0000 - 0x083B FFFF Reserved
0x0800 0000 - 0x082F FFFF Main Flash
0x0030 0000 - OXx07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF
0x0002 0000 - 0x000F FFFF Allased to Main
0x0000 0000 - 0x0001 FFFF Flash or Boot loader
1.3.1. Bit-banding

In order to reduce the time of read-modify-write operations, the Cortex™-M3 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.
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1.3.2.

1.3.3.

1.4.

For example, to access bit 7 of address 0x2000 0200, the bit-band alias is:
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.

On-chip SRAM memory

The GD32F10x 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.

On-chip flash memory overview

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

- Up to 3072KB of main flash memory.
- Upto 18KB of information blocks for the boot loader.
- Option bytes to configure the device.

Refer to Elash memory controller (EMC) Chapter for more details.

Boot configuration

The GD32F10x 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
BOOTO and BOOT1 pins after a power-on reset or a system reset to select the required boot
source. Once the two pins have been sampled, they are free and can be used for other
purposes.

Table 1-3. Boot modes

Boot mode selection pins
Selected boot source
Bootl Boot0
Main Flash Memory X 0
Boot loader 0 1
On-chip SRAM 1 1

Note: When the boot source is hoped to be set as “Main Flash Memory”, the BootO pin has
to be connected with GND definitely and can not be floating.

After power-on sequence or a system reset, the ARM® Cortex™-M3 processor fetches the
top-of-stack value from address 0x0000 0000 and the base address of boot code from 0x0000
0004 in sequence. Then, it starts executing code from the base address of boot code.

42



<

GigaDevice

GD32F10x User Manual

1.5.

Due to the selected boot source, either the main flash memory (original memory space
beginning at 0x0800 0000) or the system memory (original memory space beginning at
O0x1FFF FOO0O) 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. In GD32F10x devices, the boot loader can be activated through the USARTO
interface.

Device electronic signature

Medium-density devices are GD32F101xx and GD32F103xx microcontrollers which the flash
memory density ranges from 16 to 128 Kbytes.

High-density devices are GD32F101xx and GD32F103xx microcontrollers which the flash
memory density ranges from 256 to 512 Kbytes.

Extra-density devices are GD32F101xx and GD32F103xx microcontrollers which the flash
memory density larger than 512 Kbytes.

Connectivity line devices are GD32F105xx and GD32F107xx microcontrollers.

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 11 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 11 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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[47:32]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[63:32] Unique device ID
Base address: Ox1FFF F7FO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[95:80]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ CEE ’ Reserved
w
Bits Fields Descriptions
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
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Note:

1. Only bit[7] can be read-modify-write, other bits are not permitted.

2. Only GD32F10xC/D/E/F/G/I/K can be configured as code execution efficiency enhancement mode.
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2. Flash memory controller (FMC)
2.1. Overview
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 program
operations for flash memory.
2.2. Characteristics
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 GD32F10x_CL with flash more than 512KB and GD32F10x_XD.
BankO is used for the first 512KB and bank1 is for the rest capacity.
B Only bankO is adopted for GD32F10x_CL with flash no more than 512KB and
GD32F10x_HD.
B The flash page size is 1KB for GD32F10x_MD, for other series, the page size is 2KB for
bankO0, 4KB for bank1.
B Word/half-word programming, page erase and mass erase operation.
H 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 overview
2.3.1. Flash memory architecture

For GD32F10x_MD, the page size is 1KB. For GD32F10x_CL with flash no more than 512KB
and GD32F10x_HD, the page size is 2KB. For GD32F10x_CL and GD32F10x_XD, bankO0 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.

The following table shows the details of flash organization.

Table 2-1. GD32F10x_MD

size
Block Name Address Range
(bytes)
Main Flash Block Page 0 0x0800 0000 - 0x0800 03FF 1KB
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size
Block Name Address Range
(bytes)
Page 1 0x0800 0400 - 0x0800 07FF 1KB
Page 2 0x0800 0800 - 0x0800 OBFF 1KB
Page 127 0x0801 FCOO0 - 0x0801 FFFF 1KB
Information Block Boot loader area | Ox1FFF FO00- OX1FFF F7FF 2KB
Option bytes Block Option bytes O0x1FFF F800 - Ox1FFF F80F 16B
Table 2-2. GD32F10x_CL and GD32F10x_HD, GD32F10x_XD
size
Block Name Address Range
(bytes)
Page 0 0x0800 0000 - 0x0800 07FF 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 FOO0O - 0x082F FFFF 4KB
GD32F10x_HD Ox1FFF FOOO- Ox1FFF F7FF 2KB
Information
Block GD32F10x_XD Boot loader area | Ox1FFF E000- Ox1FFF F7FF 6KB
oc
GD32F10x_CL Ox1FFF BO0O- Ox1FFF F7FF 18KB
Option bytes Block Option bytes O0x1FFF 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.
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2.3.3.

2.3.4.

Unlock the FMC_CTLXx 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_CTLO again by setting the LK bitin FMC_CTLO register to 1. Any wrong operations
to the FMC_KEYO will 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.

For the GD32F10x_CL and GD32F10x_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 bankl. 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.

B Unlock the FMC_CTLx registers if necessary.

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

B Setthe PER bit in FMC_CTLX registers.

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

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

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

B Read and verify the page 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. 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
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2.3.5.

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_CTLXx registers is set. The software
can check the WPERR bit in the FMC_STATX registers to detect this condition in the interrupt
handler. The following figure shows the page erase operation flow.

Figure 2-1. Process of page erase operation

Start

Unlock the

FMC_CTL _‘

Is the LK bitis 0

Yes [

Set the PER bit,
Write
FMC_ADDR

A

Send the command
to FMC by setting
START bit

/

No
Is the BUSY bitis Q

Finish

For the GD32F10x_CL and GD32F10x_XD, FMC_STATO reflects the operation status of
bank0, and FMC_ STAT1 reflects the operation status of bankl. 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_ADRRL1
but also to FMC_ADDRO.

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 bankO by setting MER bit to 1 in the FMC_CTLO
register, or only on bank1 by setting MER bitto 1 in the FMC_CTL1 register, or on entire flash
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by setting MER bits to 1 in FMC_CTLO register and FMC_CTL1 register. The following steps
show the mass erase register access sequence.

Unlock the FMC_CTLXx registers if necessary.

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

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 FMC_CTLO register and FMC_CTL1 register
if erase entire flash.

Send the mass erase command to the FMC by setting the START bit in FMC_CTLXx
registers.

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

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 GD32F10x_CL and GD32F10x_XD, the mass erase procedure applied to bankl is
similar to the procedure applied to bankO.

The following figure indicates the mass erase operation flow.
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2.3.6.

Figure 2-2. Process of mass erase operation
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Main flash programming

The FMC provides a 32-bit word/16-bit half word 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_CTLXx registers if necessary.

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

Set the PG bit in FMC_CTLx registers.

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

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

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. Note
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2.3.7.

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
programming the address except 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 bit in 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_CTLXx
registers is set. The software can check the PGERR bit or WPERR bit in the FMC_STATx
registers to detect which condition occurred in the interrupt handler. The following figure
displays the word programming operation flow.

Figure 2-3. Process of word program operation
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For the GD32F10x_CL and GD32F10x_XD, the program procedure applied to bank1 is
similar to the procedure applied to bankO.

Note: Reading the flash should be avoided when a program/erase operation is ongoing in the
same bank. And flash memory accesses failed if the CPU enters the power saving modes.
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.
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2.3.8.

2.3.9.

B Unlock the FMC_CTLO register if necessary.
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.

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

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

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.

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.

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

Wait until OBWEN bit is set in FMC_CTLO register.

Set the OBPG bit in FMC_CTLO register.

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

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

B 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.

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
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of option bytes. When option bytes reload, if the complement option byte and option byte do
not match, the OBERR bit in 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.The
following table is the detail of option bytes.

Table 2-3. Option byte

Address

Name

Description

Ox1fff f800

SPC

option byte Security Protection value
O0xA5 : no security protection

any value except OxA5 : under security protection

Ox1fff f801

SPC_N

SPC complement value

Ox1fff 802

USER

[7:4]: reserved

[3]: BB

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

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

[2]: nNRST_STDBY

0: generate a reset instead of entering standby mode

1: no reset when entering standby mode

[1]: NRST_DPSLP

0: generate a reset instead of entering Deep-sleep mode

1: no reset when entering Deep-sleep mode

[0]: \WDG_HW

0: hardware free watchdog

1: software free watchdog

Ox1fff f803

USER_N

USER complement value

Ox1fff {804

DATA[7:0]

user defined data bit 7 to 0

Ox1fff f805

DATA_N[7:0]

DATA complement value bit 7 to O

Ox1fff f806

DATA[15:8]

user defined data bit 15 to 8

Ox1fff 807

DATA_N[15:8]

DATA complement value bit 15 to 8

Ox1fff f808

WP[7:0]

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

Ox1fff f809

WP_N[7:0]

WP complement value bit 7 to 0

Ox1fff f80a

WP[15:8]

Page Erase/Program Protection bit 15 to 8

Ox1fff f80b

WP_N[15:8]

WP complement value bit 15 to 8

Ox1fff 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

Ox1fff 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 4 pages for GD32F10x_MD and 2 pages for
GD32F10x_HD, GD32F10x_XD and GD32F10x_CL. Bit 0
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Address Name Description
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
2.3.10. Page erase/program protection

2.3.11.

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_STATX registers will then be set by the FMC. If the WPERR
bit is set and the ERRIE bit is also set to 1 to enable the corresponding interrupt, then the
Flash operation error interrupt will be triggered by the FMC to draw the attention of the CPU.
The page protection function can be individually enabled by configuring the WP [31:0] bit field
to 0 in the option bytes. If a page erase operation is executed on the option bytes block, all
the Flash Memory page protection functions will be disabled. When WP in the option bytes is
modified, 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 OXx5AA5, 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
O0x5AA5, the security protection is performed. Note that a power reset should be followed
instead of a system reset if the SPC maodification 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 OX5AA5, a mass erase for main flash will be performed.
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2.4. Register definition
2.4.1. 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 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved WSCNT[2:0]
w
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value
2:0 WSCNTI[2:0] Wait state counter

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

2.4.2. Unlock key register O(FMC_KEYO)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

‘ KEY[31:16]

w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ KEY[15:0]
w
Bits Fields Descriptions
31.0 KEY[31:0] FMC_CTLO unlock key

These bits are only be written by software. Write KEY[31:0] with keys to unlock
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FMC_CTLO register
2.4.3. Option byte unlock key register (FMC_OBKEY)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OBKEY[31:16] |
w
15 14 13 12 11 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 key
These bits are only be written by software. Write OBKEY[31:0] with keys to unlock
option bytes command in FMC_CTLO register.
2.4.4, 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_wl rc_wl rc_wl r
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
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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 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.

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 11 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 s 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
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7 LK FMC_CTLO lock bit
This bit is cleared by hardware when right sequence written to FMC_KEYO 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 bankO

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 16
ADDR[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ ADDRI[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

2.4.7. Option byte status register (FMC_OBSTAT)

Address offset: 0x1C
Reset value: OXOXXX XXXX.

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ DATA[15:6] |
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATA[5:0] ‘ USER([7:0] ’ SPC ‘ OBERR |
r r r r
Bits Fields Descriptions
31:26 Reserved Must be kept at reset value
25:10 DATA[15:0] Store DATA of option bytes block after system reset.
9:2 USER[7:0] Store USER of option bytes block after system reset.
1 SPC Option bytes security protection code

0: no protection
1: protection

0 OBERR Option bytes read error bit.
This bit is set by hardware when the option bytes and its complement byte do not

match, then the option bytes is set to OxFF.

2.4.8. 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]
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r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WP[15:0] |
r
Bits Fields Descriptions
31.0 WP[31:0] Store WP of option bytes block after system reset
2.4.9. 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] |
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_CTL1 unlock register
These bits are only be written by software
Write KEY[31:0] with keys to unlock FMC_CTL1 register
2.4.10. Status register 1 (FMC_STAT1)
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
‘ 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_wl rc_wl rc_wl r
Bits Fields Descriptions
316 Reserved Must be kept at reset value
5 ENDF End of operation flag bit
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When the operation executed successfully, this bit is set by hardware. The software
can clear it by writing 1.

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

3 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.

2.4.11. Control register 1(FMC_CTL1)

31 30

Address offset: 0x50
Reset value: 0x0000 0080

This register has to

29 28 27

be accessed by word (32-bit)

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 ‘ ENDIE |Reserved| ERRIE ‘ Reserved ‘ LK ‘ START ‘ Reserved ’ MER ‘ PER ‘ PG |
rw w rs rs rw w rw
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
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9:8 Reserved Must be kept at reset value
7 LK FMC_CTL1 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
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 bankl command bit
This bit is set or cleared by software
0: no effect
1: main flash mass erase command for bankl

1 PER Main flash page erase for bankl 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 bankl 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.

2.4.12. 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 27 26 25 24 23 22 21 20 19 18 17 16
‘ ADDR[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ADDRI[15:0]
w
Bits Fields Descriptions
31:.0 ADDRJ[31:0] Flash erase/program command address bits

These bits are configured by software.

ADDR bits are the address of flash erase/program command.
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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 27 26 25 24 23 22 21 20 19 18 17 16
‘ Resrved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ WSEN |
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value
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_KEYx
register.
0: no wait state added when fetch flash
1: wait state added when fetch flash
2.4.14. 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 11 10 9 8 7 6 5 4 3 2 1 0
‘ PID[15:0] |
Bits Fields Descriptions
31:0 PID[31:0] Product reserved ID code register 0

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
GD32F10x series. According to the 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 GD32F10x
devices, there are three power domains, including Voo/Vopa domain, 1.2V domain, and
Backup domain, as is shown in the following figure. The power of the Voo domain is supplied
directly by Voo. An embedded LDO in the Voo/Vbpoa domain is used to supply the 1.2V domain
power. A power switch is implemented for the Backup domain. It can be powered from the
Veat Voltage when the main Voo supply is shut down.

Characteristics

Three power domains: Veak, Voo/Vopa and 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 can issue an interrupt or event when the power is lower than a
programmed threshold.

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

B LDO output voltage select for power saving.

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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3.3.1.

Figure 3-1. Power supply overview
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Battery backup domain

The Backup domain is powered by the Vop or the battery power source (Vsat) selected by the
internal power switch, and the Veak pin which drives Backup Domain, power supply for RTC
unit, LXTAL oscillator, BPOR and BREG, and three pads, including PC13 to PC15. In order
to ensure the content of the Backup domain registers and the RTC supply, when Vop supply
is shut down, Veart 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
Voo/Vopa domain. If no external battery is used in the application, it is recommended to
connect Veat 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 Voo is shut down, only LXTAL is valid for RTC. Before entering the power
saving mode by executing the WFI/WFE instruction, the Cortex™-M3 can setup the RTC

register with an expected wakeup time and enable the wakeup function to achieve the RTC
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3.3.2.

timer 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 Voo (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)

VDD/VDDA power domain

Voo/Vopa domain includes two parts: Voo domain and Vopa domain. Vpop 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.
Vopa domain includes ADC/DAC (AD/DA Converter), IRC8M (Internal 8MHz RC oscillator),
IRC40K (Internal 40KHz RC oscillator), PLLs (Phase Locking Loop), LVD (Low Voltage
Detector), etc.

VDD 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/Vopa 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 Vror, which typical value is 2.35V, means the
threshold of power down reset. The hysteresis voltage (Vnyst) is around 50mV.
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Figure 3-2. Waveform of the POR/PDR
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VDDA domain

The LVD is used to detect whether the Voo/Vopa 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/Vbpa is higher or lower than the LVD threshold. This event is
internally connected to the EXTI line 16 and can generate an interrupt if it is enabled through
the EXTI registers. 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.
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3.3.3.

Figure 3-3. Waveform of the LVD threshold
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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
Vbpa is implemented to achieve better performance of analog circuits. Vopa can be externally
connected to Voo through the external filtering circuit that avoids noise on Vopa, and Vssa
should be connected to Vss through the specific circuit independently. Otherwise, if Vopa is
different from Vpp, Vboboa must always be higher, but the voltage difference should not exceed
0.2v.

To ensure a high accuracy on ADC and DAC, the ADC/DAC independent external reference
voltage should be connected to VREF+/VREF- pins. According to the different packages,
VREF+ pin can be connected to VDDA pin, or external reference voltage which refers to Table
11-2. ADC pins definition and Table 12-1. DAC pins, VREF- pin must be connected to
VSSA pin. The VREF+ pin is only available on no less than 100-pin packages. On less than
100-pin packages, the VREF+ pin is not available and it is internally connected to VDDA. The
VREF- pin is internally connected to VSSA.

1.2V power domain

The main functions that include Cortex™-M3 logic, AHB/APB peripherals, the APB interfaces
for the Backup domain and the Vbp/Vopa domain, etc, are located in this power domain. 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.
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Power saving modes

After a system reset or a power reset, the GD32F10x MCU operates at full function and all
power domains are active. Users can achieve lower power consumption through slowing
down the system clocks (HCLK, PCLK1, PCLK2) or gating the clocks of the unused
peripherals. 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™-M3. In Sleep mode,
only clock of Cortex™-M3 is off. To enter the Sleep mode, it is only necessary to clear the
SLEEPDEEP bit in the Cortex™-M3 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-M3 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™-M3 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™-M3. 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™-M3 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™-M3 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.

Note: In order to enter Deep-sleep mode smoothly, all EXTI line pending status (in the
EXTI_PD register) and RTC Alarm must be reset. If not, the program will skip the entry
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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™-M3, 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
SLEEPDEERP bit in the Cortex™-M3 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™-M3 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
o ) domain are off power off
Description Only CPU clock is off )
2. Disable IRC8M, 2. Disable IRC8M,
HXTAL and PLL HXTAL and PLL
LDO Status On On or in low power mode Off
) . SLEEPDEEP =1 SLEEPDEEP =1
Configuration SLEEPDEEP =0
STBMOD =0 STBMOD =1, WURST=1
Entry WFI or WFE WFI or WFE WFI or WFE
] Any interrupt from EXTI ]
Any interrupt for WFI 1. NRST pin
) lines for WFI )
Any event (or interrupt ) 2. WKUP pin
Wakeup ~ |Any event(or interrupt when
when SEVONPEND is 3. FWDGT reset
SEVONPEND is 1) from
1) for WFE 4. RTC
EXTI for WFE

Wak IRC8M wakeup time,
akeup . .
Lat None LDO wakeup time added if Power on sequence

atency .
LDO is in low power mode
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3.4. Register definition
3.4.1. Control register (PMU_CTL)

Address offset: 0x00
Reset value: 0x0000 0000 (reset by wakeup from Standby mode)

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘BKPWEN‘ LVDT[2:0] ‘ LVDEN ’ STBRST ‘ WURST ’STBMOD‘ LDOLP |
w w w rc_wl rc_wl w w
Bits Fields Descriptions
319 Reserved Must be kept at reset value.
8 BKPWEN 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.

75 LVDT[2:0] Low Voltage Detector Threshold
000: 2.2V
001: 2.3V
010: 2.4V
011: 2.5V
100: 2.6V
101: 2.7V
110: 2.8V
111: 2.9V

4 LVDEN Low Voltage Detector Enable
0: Disable Low Voltage Detector

1: Enable Low Voltage Detector

3 STBRST Standby Flag Reset
0: No effect
1: Reset the standby flag
This bit is always read as 0.

2 WURST Wakeup Flag Reset
0: No effect
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1: Reset the wakeup flag
This bit is always read as 0.

1 STBMOD Standby Mode
0: Enter the Deep-sleep mode when the Cortex™-M3 enters SLEEPDEEP mode
1: Enter the Standby mode when the Cortex™-M3 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_CYS)

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 |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ WUPEN ‘ Reserved | LVDF ‘ STBF ‘ WUF |
w r r r
Bits Fields Descriptions
319 Reserved Must be kept at reset value
8 WUPEN WKUP Pin Enable

0: Disable WKUP pin function

1: Enable WKUP pin function

If WUPEN is set before entering the power saving mode, a rising edge on the
WKUP pin wakes up the system from the power saving 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

74



<

GigaDevice GD32F10x User Manual
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 wakeup event including
RTC Tamper event, RTC alarm event, RTC Time Stamp event or RTC Wakeup
This bit is cleared only by a POR/PDR or by setting the WURST bit in the
PMU_CTL register.
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4.

4.1.

4.2.

4.3.

4.3.1.

Backup registers (BKP)

Overview

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

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

After reset, any writing access to the registers in Backup domain is disabled, that is, the
Backup registers and RTC cannot be written to access. In order to enable access to the
Backup registers and RTC, the Power and Backup interface clocks should be enabled firstly
by setting the PMUEN and BKPIEN bits in the RCU_APBI1EN register, and writing access to
the registers in Backup domain should be enabled by setting the BKPWEN bit in the
PMU_CTL register.

Characteristics

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

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

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

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

Function overview

RTC clock calibration

In order to improve the RTC clock accuracy, the MCU provides the RTC output for calibration
function. The clock with the frequency 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.
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4.3.2.

Tamper detection

In order to protect the important user data, the MCU provides the tamper detection function,
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, Register definition
4.4.1. 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 11 10 9 8 7 6 5 4 3 0
DATA [15:0]
I\
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.
4.4.2. RTC signal output control register (BKP_OCTL)
Address offset: 0x2C
Reset value: 0x0000
This register can be accessed by half-word(16-bit) or word(32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 0
Reserved ‘ ROSEL ‘ ASOEN ‘ COEN ‘ RCCV[6:0]
w w w w
Bits Fields Descriptions
15:10 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
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
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0: Disable RTC clock calibration output
1: Enable RTC clock Calibration output

When enable, the TAMPER pin will output a clock with the frequency frrccLxk/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/PDR.

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.

4.4.3. Tamper pin control register (BKP_TPCTL)

Address offset: 0x30
Reset value: 0x0000

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

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

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

0 TPEN TAMPER detection enable
0: The TAMPER pin is free for GPIO functions
1: The TAMPER pin is dedicated for the Backup Reset function. The active level
on the TAMPER pin resets all data of the BKP_DATAX register.

4.4.4. Tamper control and status register (BKP_TPCYS)

Address offset: 0x34
Reset value: 0x0000

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

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

0: No tamper interrupt occurred

1: A tamper interrupt occurred

This bit is reset by writing 1 to the TIR bit or the TPIE bit being 0.
8 TEF Tamper event flag

0: No tamper event occurred

1: A tamper event occurred

This bit is reset by writing 1 to the TER bit.
7:3 Reserved Must be kept at reset value
2 TPIE Tamper interrupt enable

0: Disable the tamper interrupt

1: Enable the tamper interrupt

This bit is reset only by a system reset and wake-up from Standby mode.
1 TIR Tamper interrupt reset

0: No effect

1: Reset the TIF bit

This bit is always read as 0.
0 TER Tamper event reset

0: No effect
1: Reset the TEF bit

This bit is always read as 0.
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5.

5.1.

5.1.1.

5.1.2.

Reset and clock unit (RCU)

Medium-, High- and Extra-density Reset and clock control unit

(RCU)

GD32F101xx and GD32F103xx microcontrollers where the flash memory density ranges
between 16 and 128 Kbytes are called Medium-density devices (GD32F10x_MD).

GD32F101xx and GD32F103xx microcontrollers where the flash memory density ranges
between 256 and 512 Kbytes are called High-density devices (GD32F10x_HD).

GD32F101xx and GD32F103xx microcontrollers where the flash memory density is over 512
Kbytes are called Extra-density devices (GD32F10x_XD).

GD32F105xx and GD32F107xx microcontrollers are called connectivity line devices
(GD32F10x_CL).

Reset control unit (RCTL)

Overview

GD32F10x 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.

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.
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5.2.

5.2.1.

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 SYSRESETREAQ bit in Cortex™-M3 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 us for each reset
source (external or internal reset).

Figure 5-1. The system reset circuit

NRST !

WWDGT_RSThH———— min 20 us
pulse — System Reset

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).

Clock control unit (CCTL)

Overview

The Clock Control unit provides a range of frequencies and clock functions. These include an
Internal 8M RC oscillator (IRC8M), 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
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circuitry.

The clocks of the AHB, APB and Cortex™-M3 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 108 MHz. The Free Watchdog Timer has independent
clock source (IRC40K), and Real Time Clock (RTC) uses the IRC40K, LXTAL or HXTAL/128
as its clock source.

Figure 5-2. Clock tree
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115225
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(to USBD)
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CK_I2S

125 enable —|_/ (10 1251,2) o
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+8 -

(to Cortex-M3 SysTick)
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IRC8M
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SDIO enable (to SDIO)

APB1
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+1,2,4,8,16

CK_APB1
b PCLK1

54 MHz max 0 APBL peripherals

enable

TIMER1,2,3,4,5,6,
11,1213 if(APB1
128 11 prescale =1)x1 TIMERX CK_TIMERX
elsex 2 enable to TIMER1,2,34,
32.768 KHz CK_RTC . 5,6,11,12,13
LXTAL o1
(to RTC) APB2 CK_APB2
L1 Prescaler — PCLK2
10 124816 108 MHz max 10 APBZ periphertls
Peripheral enable
RTCSRC[L0]
40 KHz o) Ck_FwbeT TIMER0,7,8,9,10
IRC40K if(APB2 prescale
(to FWDGT) « :1)‘)’(1 CK_TIMERX
TIMERX
elsex 2 enablo to
TIMERO,7,8,9,10
Oxx NO CLK
ADC
100 CK_SYS Prescaler
E §| " CK_OuT0 101 CK_IRC8M 22468121 CK_ADCx to ADCO,1,2
110 CK_HXTAL 6 12 MHz max
111 CK_PLL

CKOUTOSEL[2:0]

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 108 MHz/108 MHz/54 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 or 16.
The SDIO, EXMC are clocked by the clock of CK_AHB.

The TIMERSs are clocked by the clock divided from CK_APB2 and CK_APBL1. 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 CK_PLL as the clock source of 48MHz.

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 Voo power off. After the
RTC select LXTAL, the clock disappeared when Vpp and Vear power off.

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

Characteristics

4 to 16 MHz High Speed crystal oscillator (HXTAL) .
Internal 8 MHz RC oscillator (IRC8M).

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

PLL clock source can be HXTAL or IRC8M.

HXTAL clock monitor.

Function overview

High speed crystal oscillator (HXTAL)

The high speed external crystal oscillator (HXTAL), which has a frequency from 4 to 16 MHz,
produces a highly accurate clock source for use as the system clock. A crystal with a specific
frequency must be connected and located close to the two HXTAL pins. The external resistor
and capacitor components connected to the crystal are necessary for proper oscillation.

Figure 5-3. HXTAL clock source

OSCIN oscour

c1— c2

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

PLL input clock.
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Select external clock bypass mode by setting the HXTALBPS and HXTALEN bits in the
Control Register RCU_CTL. The CK_HXTAL is equal to the external clock which drives the
OSCIN pin.

Internal 8M RC oscillators (IRC8M)

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

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

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

Phase locked loop (PLL)

There is one internal Phase Locked Loop, named 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
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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-M3. 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 108 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.
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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[1:0] bit in the
Deep-sleep mode voltage register (RCU_DSV).

Table 5-2. 1.2V domain voltage selected in deep-sleep mode

DSLPVS[1:0] Deep-sleep mode voltage(V)
00 1.2
01 1.1
10 1.0
11 0.9
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5.3. Register definition
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
‘ Reserved ‘ PLLSTB ‘ PLLEN ‘ Reserved ‘ CKMEN | HXTALBPS | HXTALSTB | HXTALEN
r I\ w rw r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IRC8MCALIB[7:0] ‘ IRC8MADJ[4:0] Reserved | IRCBMSTB IRCSMEN|
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 ~ 16 MHz crystal oscillator (HXTAL) clock monitor
1: Enable the High speed 4 ~ 16 MHz crystal oscillator (HXTAL) clock monitor
When the hardware detects that the HXTAL clock is stuck at a low or high state,
the internal hardware will switch the system clock to be the internal high speed
IRC8M RC clock. The way to recover the original system clock is by either an
external reset, power on reset or clearing CKMIF by software.
Note: When the HXTAL clock monitor is enabled, the hardware will automatically
enable the IRC8M internal RC oscillator regardless of the control bit, IRC8MEN,
state.
18 HXTALBPS High speed crystal oscillator (HXTAL) clock bypass mode enable

The HXTALBPS bit can be written only if the HXTALEN is 0.
0: Disable the HXTAL Bypass mode
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17

16

15:8

7:3

5.3.2.

31

30

HXTALSTB

HXTALEN

IRC8MCALIB[7:0]

IRC8MADJ[4:0]

Reserved

IRC8MSTB

IRCSMEN

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 ~ 16 MHz crystal oscillator disabled

1: High speed 4 ~ 16 MHz crystal oscillator enabled

Internal 8MHz RC Oscillator calibration value register

These bits are load automatically at power on.

Internal 8BMHz 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%.

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 s 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)

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

Reserved

ADCPSC]

PLLMF[4] CKOUTOSEL[2:0] USBDPSCI[1:0] PLLMF[3:0] PREDVO | PLLSEL

2]
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rw I\ rw rw 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] APB1PSC[2:0] AHBPSC[3:0] ‘ SCSS[1:0] ‘ SCS[1:0]
w w w w r w

Bits Fields Descriptions

31:29 Reserved Must be kept at reset value.

28 ADCPSCJ2] Bit 2 of ADCPSC

see hits 15:14 of RCU_CFGO

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

26:24 CKOUTOSEL[2:0] CKOUTO Clock Source Selection
Set and reset by software.
0xx: No clock selected
100: System clock selected
101: High Speed 8M Internal Oscillator clock selected
110: External High Speed oscillator clock selected
111: (CK_PLL / 2) clock selected

23:22 USBDPSCJ[1:0] USBD clock prescaler selection
Set and reset by software to control the USBD clock prescaler value. The USBD
clock must be 48MHz. These bits can'’t be reset if the USBD clock is enabled.
00: CK_USBD =CK_PLL/1.5
01: CK_USBD = CK_PLL
10: CK_USBD =CK_PLL /2.5
11: CK_USBD =CK_PLL/2

21:18 PLLMF[3:0] The PLL clock multiplication factor
Bit 27 of RCU_CFGO and these bits are written by software to define the PLL
multiplication factor.
Caution: The PLL output frequency must not exceed 108 MHz
00000: CK_SYS =CK_PLL x2
00001: CK_SYS =CK_PLLx3
00010: CK_SYS =CK_PLL x4
00011: CK_SYS =CK_PLL x5
00100: CK_SYS =CK_PLL x6
00101: CK_SYS =CK_PLLx7
00110: CK_SYS =CK_PLL x 8
00111: CK_SYS =CK_PLL x9
01000: CK_SYS = CK_PLL x 10
01001: CK_SYS =CK_PLL x 11
01010: CK_SYS = CK_PLL x 12
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17

16

15:14

13:11

PREDVO

PLLSEL

ADCPSC[1:0]

APB2PSC[2:0]

01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
11101:
11110:
11111:

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

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

1: PREDVO input source clock divided by 2

PLL Clock Source Selection

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

ADC clock prescaler selection
These bits and bit 28 of RCU_CFGO are written by software to define the ADC
prescaler factor.Set and cleared by software.

000: (CK_APB2 / 2) selected
001: (CK_APB2 / 4) selected
010: (CK_APB2 / 6) selected
011: (CK_APB2/ 8) selected
100: (CK_APB2/ 2) selected
101: (CK_APB2/ 12) selected
110: (CK_APB2/ 8) selected
111: (CK_APB2/ 16) selected

APB2 prescaler selection
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Set and reset by software to control the APB2 clock division ratio.
O0xx: CK_AHB selected

100: (CK_AHB / 2) selected

101: (CK_AHB / 4) selected

110: (CK_AHB/ 8) selected

111: (CK_AHB/ 16) selected

10:8 APB1PSCJ[2:0] APBL1 prescaler selection
Set and reset by software to control the APB1 clock division ratio.
Caution: The CK_APBL1 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

7:4 AHBPSC[3:0] AHB prescaler selection
Set and reset by software to control the AHB clock division ratio
Oxxx: CK_SYS selected
1000: (CK_SYS / 2) selected
1001: (CK_SYS/ 4) selected
1010: (CK_SYS/ 8) selected
1011: (CK_SYS/ 16) selected
1100: (CK_SYS / 64) selected
1101: (CK_SYS/128) selected
1110: (CK_SYS / 256) selected
1111: (CK_SYS /512) selected

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
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5.3.3.

31 30

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)

29 28

27

26 25 24 23 22 21 20

19

18

17

16

Reserved

PLL

CKMIC Reserved

STBIC

HXTAL

STBIC

IRC8M

STBIC

LXTAL

STBIC

IRC40KS

TBIC

15 14

13 12

11

10 9 8 7 6 5 4

w

0

Reserved

PLL

STBIE

HXTAL

STBIE

IRC8M LXTAL | IRC40K PLL

CKMIF Reserved

STBIE STBIE STBIE STBIF

HXTAL

STBIF

IRC8M

STBIF

LXTAL

STBIF

IRC40K

STBIF

Bits

Fields

w rw w r r

Descriptions

r

31:24

23

22:21

20

19

18

17

16

Reserved

CKMIC

Reserved

PLLSTBIC

HXTALSTBIC

IRC8BMSTBIC

LXTALSTBIC

IRC40KSTBIC

Must be kept at reset value

HXTAL Clock Stuck Interrupt Clear

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

1: Reset CKMIF flag

Must be kept at reset value

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 IRCBMSTBIF flag

LXTAL Stabilization Interrupt Clear

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

1: Reset LXTALSTBIF flag

IRC40K Stabilization Interrupt Clear
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15:13

12

11

10

6:5

Reserved

PLLSTBIE

HXTALSTBIE

IRC8MSTBIE

LXTALSTBIE

IRC40KSTBIE

CKMIF

Reserved

PLLSTBIF

HXTALSTBIF

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
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.
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Reset when setting the HXTALSTBIC bit by software.
0: No HXTAL stabilization interrupt generated
1: HXTAL stabilization interrupt generated
2 IRC8MSTBIF IRC8M stabilization interrupt flag
Set by hardware when the Internal 8 MHz RC oscillator clock is stable and the
IRC8MSTBIE bit is set.
Reset when setting the IRC8MSTBIC bit by software.
0: No IRC8M stabilization interrupt generated
1: IRC8M stabilization interrupt generated
1 LXTALSTBIF LXTAL stabilization interrupt flag
Set by hardware when the Low speed 32,768 Hz crystal oscillator clock is stable
and the LXTALSTBIE bit is set.
Reset when setting the LXTALSTBIC bit by software.
0: No LXTAL stabilization interrupt generated
1: LXTAL stabilization interrupt generated
0 IRC40KSTBIF IRC40K stabilization interrupt flag
Set by hardware when the Internal 40kHz RC oscillator clock is stable and the
IRC40KSTBIE bit is set.
Reset when setting the IRC40KSTBIC bit by software.
0: No IRC40K stabilization clock ready interrupt generated
1: IRC4O0K stabilization interrupt generated
5.3.4. APB2 reset register (RCU_APB2RST)
Address offset: 0x0C
Reset value: 0x0000 0000
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 | TIMERY | TIMERS8
Reserved Reserved
RST RST RST
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC2RS | USARTO [TIMER7R TIMEROR | ADC1RS | ADCORS
SPIORST PGRST PFRST PERST PDRST | PCRST PBRST PARST |Reserved| AFRST
T RST ST ST T T
w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value
21 TIMER1ORST Timer 10 reset
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20

19

18:16

15

14

13

12

11

10

TIMERORST

TIMER8RST

Reserved

ADC2RST

USARTORST

TIMER7RST

SPIORST

TIMERORST

ADC1RST

ADCORST

This bit is set and reset by software.

0: No reset
1: Reset the TIMER10

Timer 9 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER9

Timer 8 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERS8

Must be kept at reset value

ADC2 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC2

USARTO Reset

This bit is set and reset by software.

0: No reset
1: Reset the USARTO

Timer 7 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER7

SPIO reset

This bit is set and reset by software.

0: No reset
1: Reset the SPIO

Timer O reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERO

ADC1 reset

This bit is set and reset by software.

0: No reset
1: Reset the ADC1

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

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

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

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

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

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

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

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

1 Reserved Must be kept at reset value

0 AFRST Alternate function /O reset
This bit is set and reset by software.
0: No reset
1: Reset Alternate Function 1/O
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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 rw I\ rw rw I\ rw rw w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMER13 | TIMER12 | TIMER11 | TIMER6ER | TIMERS5R [ TIMER4R | TIMERS3R [ TIMER2R | TIMER1R
SPI2RST | SPILIRST Reserved Reserved
RST RST RST RST ST ST ST ST ST ST
rw w w I\ rw I\ rw rw w rw 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 Reserved Must be kept at reset value
25 CANORST CANO reset
This bit is set and reset by software.
0: No reset
1: Reset the CANO
24 Reserved Must be kept at reset value
23 USBDRST USBD reset

This bit is set and reset by software.
0: No reset
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22

21

20

19

18

17

16

15

14

13:12

11

I2C1RST

I2CORST

UART4RST

UART3RST

USART2RST

USARTI1RST

Reserved

SPI2RST

SPI1RST

Reserved

WWDGTRST

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

UART3 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART3

USART2 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART2

USART1 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART1

Must be kept at reset value

SPI2 reset

This bit is set and reset by software.

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.
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10:9

Reserved

TIMER13RST

TIMER12RST

TIMER11RST

TIMERG6RST

TIMERSRST

TIMER4RST

TIMER3RST

TIMER2RST

TIMER1RST

0: No reset
1: Reset the WWDGT

Must be kept at reset value

TIMER13 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER13

TIMER12 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER12

TIMERL11 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER11

TIMERG reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERG6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER5S

TIMERA4 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER4

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER3

TIMER2 reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER2

TIMERL1 reset

This bit is set and reset by software.

0: No reset
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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 11 10 9 8 7 6 5 4 3 2 1 0
FMCSPE SRAMSP
Reserved SDIOEN | Reserved [ EXMCEN | Reserved | CRCEN | Reserved Reserved DMAL1EN | DMAOEN
N EN
w w w 12 12 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
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
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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 DMALEN DMAL clock enable
This bit is set and reset by software.
0: Disabled DMAL1 clock
1: Enabled DMA1 clock
0 DMAOEN DMAO 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 | TIMERYE | TIMERSE
Reserved Reserved
EN N N
rw rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USARTO | TIMER7E TIMEROE
ADC2EN SPIOEN ADCI1EN [ ADCOEN PGEN PFEN PEEN PDEN PCEN PBEN PAEN |Reserved| AFEN
EN N N
rw w w rw w w rw 1\ rw 1\ rw rw w rw 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 TIMERO clock enable

This bit is set and reset by software.
0: Disabled TIMER clock
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19

18:16

15

14

13

12

11

10

TIMERSEN

Reserved

ADC2EN

USARTOEN

TIMER7EN

SPIOEN

TIMEROEN

ADC1EN

ADCOEN

PGEN

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

TIMER7Y clock enable

This bit is set and reset by software.

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

SPIO clock enable

This bit is set and reset by software.

0: Disabled SPI0 clock
1: Enabled SPI0 clock

TIMERO clock enable

This bit is set and reset by software.

0: Disabled TIMERO clock
1: Enabled TIMERO clock

ADCI1 clock enable

This bit is set and reset by software.

0: Disabled ADC1 clock
1: Enabled ADC1 clock

ADCO clock enable

This bit is set and reset by software.

0: Disabled ADCO clock
1: Enabled ADCO clock

GPIO port G clock enable

This bit is set and reset by software.

0: Disabled GPIO port G clock
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5.3.8.

31

30

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.
0: Disabled Alternate Function IO clock

1: Enabled Alternate Function 1O clock

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)

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

16

104



<

GigaDevice

GD32F10x User Manual

Reserved

DACEN

PMUEN

BKPIEN

Reserved

CANOEN

Reserved

USBDEN

I2C1EN

12COEN

UART4E

N

UART3E

N

USART2

EN

USART1

EN

Reserved

15 14

13

12

11

10

8

w

7

w

6

w

5

w

4

w

3

w

2

rw

1

0

SPI2EN | SPI1EN

Reserved

WWDGT

EN

Reserved

TIMER13

EN

TIMER12

EN

TIMER11

EN

TIMERGE

N

TIMERSE

N

TIMER4E

N

TIMERSE

N

TIMERZ2E

N

TIMERLE

N

Bits

Fields

A

w

A

Descriptions

rw

w

w

w

w

w

31:30

29

28

27

26

25

24

23

22

21

Reserved

DACEN

PMUEN

BKPIEN

Reserved

CANOEN

Reserved

USBDEN

I2C1EN

I2COEN

Must be kept at reset value

DAC clock enable

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

1: Enabled DAC clock

PMU clock enable

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

1: Enabled PMU clock

Backup interface clock enable

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

Must be kept at reset value

CANO clock enable

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

1: Enabled CANO clock

Must be kept at reset value

USBD clock enable

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

1: Enabled USBD clock

I12C1 clock enable

This bit is set and reset by software.
0: Disabled 12C1 clock

1: Enabled 12C1 clock

12CO0 clock enable

This bit is set and reset by software.
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20

19

18

17

16

15

14

13:12

11

10:9

UART4EN

UART3EN

USART2EN

USARTI1EN

Reserved

SPI2EN

SPI1EN

Reserved

WWDGTEN

Reserved

TIMER13EN

0: Disabled 12CO0 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 UARTS3 clock

USART2 clock enable

This bit is set and reset by software.

0: Disabled USART2 clock
1: Enabled USART2 clock

USART1 clock enable

This bit is set and reset by software.

0: Disabled USART1 clock
1: Enabled USART1 clock

Must be kept at reset value

SPI2 clock enable

This bit is set and reset by software.

0: Disabled SPI2 clock
1: Enabled SPI2 clock

SPI1 clock enable

This bit is set and reset by software.

0: Disabled SPI1 clock
1: Enabled SPI1 clock

Must be kept at reset value

WWDGT clock enable

This bit is set and reset by software.

0: Disabled WWDGT clock
1: Enabled WWDGT clock

Must be kept at reset value

TIMER13 clock enable

This bit is set and reset by software.

0: Disabled TIMER13 clock
1: Enabled TIMER13 clock
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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 TIMERG clock enable
This bit is set and reset by software.
0: Disabled TIMER®6 clock
1: Enabled TIMERSG clock

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

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

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

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

TIMER1EN TIMERL1 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 0000, reset by Backup domain Reset.

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)
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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 RTCSRCJ[1:0] Reserved LXTALEN
S B

rw rw rw 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_IRCA40K selected as RTC source clock
11: (CK_HXTAL / 128) selected as RTC source clock
7:3 Reserved Must be kept at reset value
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
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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: 0x0CO00 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 11 10 9 8 7 6 5 4 3 2 1 0
IRC40K [ IRC40KE
Reserved
STB N
r w
Bits Fields Descriptions
31 LPRSTF Low-power reset flag
Set by hardware when Deep-sleep /standby reset generated.
Reset by writing 1 to the RSTFC bit.
0: No Low-power management reset generated
1: Low-power management reset generated
30 WWDGTRSTF Window watchdog timer reset flag
Set by hardware when a window watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No window watchdog reset generated
1: Window watchdog reset generated
29 FWDGTRSTF Free watchdog timer reset flag
Set by hardware when a free watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No free watchdog timer reset generated
1: free Watchdog timer reset generated
28 SWRSTF Software reset flag

Set by hardware when a software reset generated.

109




<

GigaDevice GD32F10x User Manual

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. Deep-sleep mode voltage register (RCU_DSV)

Address offset: 0x34
Reset value: 0x0000 0000

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

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved DSLPVS[2:0]
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Bits Fields Descriptions

313 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 :

001

The core voltage is 1.2V in Deep-sleep mode

: The core voltage is 1.1V in Deep-sleep mode
010:
011:

Ixx:

The core voltage is 1.0V in Deep-sleep mode
The core voltage is 0.9V in Deep-sleep mode

Reserved
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5.4.

5.4.1.

5.4.2.

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

GD32F101xx and GD32F103xx microcontrollers where the flash memory density ranges
between 16 and 128 Kbytes are called Medium-density devices (GD32F10x_MD).

GD32F101xx and GD32F103xx microcontrollers where the flash memory density ranges
between 256 and 512 Kbytes are called High-density devices (GD32F10x_HD).

GD32F101xx and GD32F103xx microcontrollers where the flash memory density is over 512
Kbytes are called Extra-density devices (GD32F10x_XD).

GD32F105xx and GD32F107xx microcontrollers are called connectivity line devices
(GD32F10x_CL).

Reset control unit (RCTL)

Overview

GD32F10x 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.

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:

B A power reset (POWER_RSTn).
B A external pin reset (NRST).
B A window watchdog timer reset (WWDGT_RSTn).
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5.5.

5.5.1.

B A free watchdog timer reset (FWDGT_RSTn).

B The SYSRESETREQ bitin Cortex™-M3 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 ps for each reset
source (external or internal reset).

Figure 5-4. The system reset circuit

NRST !

WWDGT_RSThH——— min 20 us

pulse —® System Reset

FWDGT_RSTn— |
B generator

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).

Clock control unit (CCTL)

Overview

The Clock Control unit provides a range of frequencies and clock functions. These include a
Internal 8M RC oscillator (IRC8M), 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™-M3 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 108 MHz. The Free Watchdog Timer has independent
clock source (IRC40K), and Real Time Clock (RTC) uses the IRC40K, LXTAL or HXTAL/128

as its clock source.
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(to FMC) USB OTG 48 MHz CK_USBFS
1} - >
1 Prescaler
SCS[1:0] 115225 (to USBFS)
CK_FMC
CK_IRC8M
CK_SYS AHB | CKAHE CK_EXMC
. | Prescaler  [108 MHz max EXMC onable >
Hz max 12812 (to EXMC)
o HCLK _
AHB enable (to AHB bus, Cortex-M3,SRAM,DMA)
cK_csT
e
Monitor (to Cortex-M3 SysTick)
FCLK o
PREDVOSEL
CK_HXTAL (free running clock)
APB1 CK_APB1
— Prescaler PCLK1
+1,2,4,8,16 54 MHz max 10 APBL peripherals
Peripheral enable
TRYETS TIVERL, 234,56
%8.14.16, !
2 CK_PLLL if(APB1 prescale K TIMERX
PLLL =1)x1 TIMERX =
elsex2 enable to TIMER1,2,34,
56
n.23... PLLIMF
15,16 0) CK_I2s APB2 CK_APB2
%8.14.16, oK PLL2 L Prescaler PCLK2
PREDV1 20 = +1,2/4816 108 MHz max o APB2 peripherals
PLL2
12S1/2SEL pheral enable
PLL2MF TIMERO,7
if(APB2 prescale
/128 11 ¢ :1)51 CK_TIMERX
else x 2 TIMERX
32.768 KHz CK_RTC enable to TIMERO,7
LXTAL o (10 RTC) .
ADC
10 Prescaler
2468121 CK_ADCx to ADCO,1
6 14 MHz max
RTCSRC[L:0]
40 KHz [1:0] CK_FWDGT -~
IRCA40K (to FWDGT)
00xxf——— NO CLK
0100———— CK_SYS
CK_OUTO 010————— CK_IRC8M
Ez' 0110——————— CK_HXTAL
0111 CK_PLL
1000 CK_PLL1
1001 CK_PLL2
1010f EXT1
011] CK_PLL2
CKOUTOSEL(3:0]
Ethernet
PHY

=

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 108 MHz/108 MHz/54 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.

v CK_MACRMII

The ADCs are clocked by the clock of APB2 divided by 2, 4, 6, 8, 12, 16.

The TIMERSs are clocked by the clock divided from CK_APB2 and CK_APBL1. The frequency
of TIMERs clock is equal to CK_APBXx(APB prescaler is 1), twice the CK_APBx(APB
prescaler is not 1).

The USBD is clocked by the clock of CK_PLL as the clock source of 48MHz.

The 12S is clocked by the clock of CK_SYS or PLL2*2 which defined by I2SxSEL bit in
RCU_CFGL1 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.
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5.5.2.

5.5.3.

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 Voo power off. After the
RTC select LXTAL, the clock disappeared when Vpp and Vear power off.

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

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

Characteristics

3 to 25 MHz High Speed crystal oscillator (HXTAL) .
Internal 8 MHz RC oscillator (IRC8M).

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

PLL clock source can be HXTAL or IRC8M.

HXTAL clock monitor.

Function overview

High speed crystal oscillator (HXTAL)

The high speed external crystal oscillator (HXTAL), which has a frequency from 3 to 25 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 5-6. HXTAL clock source

OSCIN oscour

Cl—1 —om c2

The HXTAL crystal oscillator can be switched on or off using the HXTALEN bit in the Control
Register RCU_CTL. The HXTALSTB flag in Control Register RCU_CTL indicates if the high-
speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be
released for use until this HXTALSTB bit is set by the hardware. This specific delay period is
known as the oscillator “Start-up time”. As the HXTAL becomes stable, an interrupt will be
generated if the related interrupt enable bit HXTALSTBIE in the Interrupt Register RCU_INT
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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. The CK_HXTAL is equal to the external clock which drives the
OSCIN pin.

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,
IRCBMSTBIE, 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.

Phase locked loop (PLL)

There are three internal Phase Locked Loop, including 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
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HXTAL monitor fail when HXTAL used as the source clock of the PLLs.

Low speed crystal oscillator (LXTAL)

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

Select external clock bypass mode by setting the LXTALBPS and LXTALEN bits in the
Backup Domain Control Register (RCU_BDCTL). The CK_LXTAL is equal to the external
clock which drives the OSC32IN pin.

Internal 40K RC oscillator (IRC40K)

The internal RC oscillator has a frequency of about 40 kHz and is a low power clock source
for the Real Time Clock circuit or the Free Watchdog Timer. The IRC40K offers a low cost
clock source as no external components are required. The IRC40K RC oscillator can be
switched on or off by using the IRC40KEN bit in the Reset source/clock Register
(RCU_RSTSCK). The IRC40KSTB flag in the Reset source/clock Register RCU_RSTSCK
will indicate if the IRC40K clock is stable. An interrupt can be generated if the related interrupt
enable bit IRC40KSTBIE in the Clock Interrupt Register (RCU_INT) is set when the IRC40K
becomes stable.

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

System clock (CK_SYS) selection

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

HXTAL clock monitor (CKM)

The HXTAL clock monitor function is enabled by the HXTAL Clock Monitor Enable bit,
CKMEN, in the Control Register (RCU_CTL). This function should be enabled after the
HXTAL start-up delay and disabled when the HXTAL is stopped. Once the HXTAL failure is
detected, the HXTAL will be automatically disabled. The HXTAL Clock Stuck interrupt Flag,
CKMIF, in the Clock Interrupt Register, RCU_INT, will be set and the HXTAL failure event will
be generated. This failure interrupt is connected to the Non-Maskable Interrupt, NMI, of the

117



<

GigaDevice

GD32F10x User Manual

Cortex-M3. 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 0.09375 MHz to 108 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 I/O (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[1:0] bit in the
Deep-sleep mode voltage register (RCU_DSV).

Table 5-4. 1.2V domain voltage selected in deep-sleep mode

DSLPVS[1:0] Deep-sleep mode voltage(V)
00 1.2
01 11
10 1.0
11 0.9
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5.6. Register definition
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 rw r w r I\ w rw r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IRC8MST
IRC8MCALIBJ[7:0] IRC8MADJ[4:0] Reserved IRC8BMEN
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.
0: PLL is not stable
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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, IRC8MEN,
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 IRC8MCALIBJ[7:0] Internal 8MHz RC Oscillator calibration value register
These bits are load automatically at power on.

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

These bits are set by software. The trimming value is these bits (IRC8MADJ) added
to the IRC8MCALIBJ[7:0] bits. The trimming value should trim the IRC8M to 8 MHz
+ 1%.
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2 Reserved Must be kept at reset value.
1 IRC8MSTB IRC8M Internal 8MHz RC Oscillator stabilization Flag
Set by hardware to indicate if the IRC8M oscillator is stable and ready for use.
0: IRC8M oscillator is not stable
1: IRC8M oscillator is stable
0 IRC8BMEN 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_CFGO)
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
ADCPSC| PREDVO
Reserved PLLMF[4] CKOUTOSEL[3:0] USBFSPSC[1:0] PLLMF[3:0] PLLSEL
2] _LsB
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCPSCJ[1:0] APB2PSCI[2:0] APB1PSC[2:0] AHBPSC[3:0] SCSS[1:0] SCS[1:0]
w w w w r w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 PLLMF[4] Bit 4 of PLLMF
see bits 21:18 of RCU_CFGO
28 ADCPSC[2] Bit 2 of ADCPSC
see bits 15:14 of RCU_CFGO
27:24 CKOUTOSEL[3:0] CKOUTO Clock Source Selection

Set and reset by software.

00xx: No clock selected

0100: System clock selected

0101: High Speed 8M Internal 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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1001: CK_PLL2 clock divided by 2 selected
1010: EXT1 selected, to provide the external clock for ENET
1011: CK_PLL2 clock selected

23:22 USBFSPSC[1:0] 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.
00: CK_USBFS =CK_PLL /1.5
01: CK_USBFS = CK_PLL
10: CK_USBFS = CK_PLL /2.5
11: CK_USBFS =CK_PLL /2

21:18 PLLMF[3:0] The PLL clock multiplication factor

Bit 29 of RCU_CFGO and these bits are written by software to define the PLL
multiplication factor

Caution: The PLL output frequency must not exceed 108 MHz
00000: (PLL source clock x 2)
00001: (PLL source clock x 3)
00010: (PLL source clock x 4)
00011: (PLL source clock x 5)
00100: (PLL source clock x 6)
00101: (PLL source clock x 7)
00110: (PLL source clock x 8)
00111: (PLL source clock x 9)
01000: (PLL source clock x 10)
01001: (PLL source clock x 11)
01010: (PLL source clock x 12)
01011: (PLL source clock x 13)
01100: (PLL source clock x 14)
01101: (PLL source clock x 6.5)
01110: (PLL source clock x 16)
01111: (PLL source clock x 16)
10000: (PLL source clock x 17)
10001: (PLL source clock x 18)
10010: (PLL source clock x 19)
10011: (PLL source clock x 20)
10100: (PLL source clock x 21)
10101: (PLL source clock x 22)
10110: (PLL source clock x 23)
10111: (PLL source clock x 24)
11000: (PLL source clock x 25)
11001: (PLL source clock x 26)
11010: (PLL source clock x 27)
11011: (PLL source clock x 28)
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17 PREDVO_LSB

16 PLLSEL

15:14 ADCPSC[1:0]

13:11 APB2PSC[2:0]

10:8 APB1PSC[2:0]

7:4 AHBPSC[3:0]

11100: (PLL source clock x 29)
11101: (PLL source clock x 30)
11110: (PLL source clock x 31)
11111: (PLL source clock x 32)

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_CFG1, 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 selected as source clock of PLL

ADC clock prescaler selection

These bits and bit 28 of RCU_CFGO are written by software to define the ADC
prescaler factor.Set and cleared by software.
000: (CK_APB2 / 2) selected

001: (CK_APB2/ 4) selected

010: (CK_APB2 / 6) selected

011: (CK_APB2/ 8) selected

100: (CK_APB2/ 2) selected

101: (CK_APB2/ 12) selected

110: (CK_APB2/ 8) selected

111: (CK_APB2/ 16) selected

APB2 prescaler selection

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

100: (CK_AHB / 2) selected

101: (CK_AHB / 4) selected

110: (CK_AHB / 8) selected

111: (CK_AHB / 16) selected

APBL1 prescaler selection

Set and reset by software to control the APBL1 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
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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

3:2 SCSS[1:0] System clock switch status
Set and reset by hardware to indicate the clock source of system clock.
00: select CK_IRC8M as the CK_SYS source
01: select CK_HXTAL as the CK_SYS source
10: select CK_PLL as the CK_SYS source
11: reserved

1:0 SCSJ[1:0] System clock switch
Set by software to select the CK_SYS source. Because the change of CK_SYS has
inherent latency, software should read SCSS to confirm whether the switching is
complete or not. The switch will be forced to IRC8M when leaving Deep-sleep and
Standby mode or HXTAL failure is detected by HXTAL clock monitor when HXTAL
is selected directly or indirectly as the clock source of CK_SYS
00: select CK_IRC8M as the CK_SYS source
01: select CK_HXTAL as the CK_SYS source
10: select CK_PLL as the CK_SYS source

11: reserved

5.6.3. Clock interrupt register (RCU_INT)

Address offset: 0x08
Reset value: 0x0000 0000

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

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

PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIC
STBIC STBIC STBIC STBIC STBIC STBIC STBIC

w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K PLL2 PLL1 PLL HXTAL IRC8M LXTAL IRC40K
Reserved CKMIF
STBIE STBIE STBIE STBIE STBIE STBIE STBIE STBIF STBIF STBIF STBIF STBIF STBIF STBIF
w w w w w w w r r r r r r r r
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Bits

Fields

Descriptions

31:24

23

22

21

20

19

18

17

16

15

14

Reserved

CKMIC

PLL2STBIC

PLL1STBIC

PLLSTBIC

HXTALSTBIC

IRC8MSTBIC

LXTALSTBIC

IRC40KSTBIC

Reserved

PLL2STBIE

Must be kept at reset value

HXTAL Clock Stuck Interrupt Clear

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

1: Reset CKMIF flag

PLL2 stabilization Interrupt Clear

Write 1 by software to reset the PLL2STBIF flag.
0: Not reset PLL2STBIF flag

1: Reset PLL2STBIF flag

PLL1 stabilization Interrupt Clear

Write 1 by software to reset the PLL1STBIF flag.
0: Not reset PLL1STBIF flag

1: Reset PLL1STBIF flag

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 IRC8MSTBIF 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

PLL2 Stabilization Interrupt Enable

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

13 PLL1STBIE 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

12 PLLSTBIE 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

11 HXTALSTBIE 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

10 IRC8MSTBIE 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

9 LXTALSTBIE LXTAL Stabilization Interrupt Enable
LXTAL stabilization interrupt enable/disable control
0: Disable the LXTAL stabilization interrupt
1: Enable the LXTAL stabilization interrupt

8 IRC40KSTBIE IRC40K Stabilization interrupt enable
IRC40K stabilization interrupt enable/disable control
0: Disable the IRC40K stabilization interrupt
1: Enable the IRC40K stabilization interrupt

7 CKMIF HXTAL Clock Stuck Interrupt Flag
Set by hardware when the HXTAL clock is stuck.
Reset when setting the CKMIC bit by software.
0: Clock operating normally
1: HXTAL clock stuck

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

1: PLL2 stabilization interrupt generated

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

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

1: PLL stabilization interrupt generated

3 HXTALSTBIF HXTAL stabilization interrupt flag
Set by hardware when the High speed 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

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

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

0 IRC40KSTBIF IRC40K stabilization interrupt flag
Set by hardware when the Internal 40kHz RC oscillator clock is stable and the
IRC40KSTBIE bit is set.
Reset when setting the IRC40KSTBIC bit by software.
0: No IRC40K stabilization clock ready interrupt generated
1: IRC40K stabilization interrupt generated

5.6.4. APB2 reset register (RCU_APB2RST)

Address offset: 0x0C
Reset value: 0x0000 0000

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

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

15

14

13

12

11

10 9 8 7 6

Reserved

USARTO

RST

TIMER7R

ST

SPIORST

TIMEROR

ST

ADC1RS | ADCORS
PGRST | PFRST | PERST
T T

PDRST

PCRST

PBRST

PARST

Reserved

AFRST

Bits

w

w

Fields

w

w rw w w A

Descriptions

31:15

14

13

12

11

10

Reserved

USARTORST

TIMER7RST

SPIORST

TIMERORST

ADCI1RST

ADCORST

PGRST

PFRST

Must be kept at reset value

USARTO Reset

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

1: Reset the USARTO

Timer 7 reset

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

1: Reset the TIMER7

SPIO reset

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

1: Reset the SPIO

Timer O reset

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

1: Reset the TIMERO

ADC1 reset

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

1: Reset the ADC1

ADCO reset

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

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 port F reset
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5.6.5.

31 30

PERST

PDRST

PCRST

PBRST

PARST

Reserved

AFRST

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

GPIO port E reset

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

1: Reset the GPIO port E

GPIO port D reset

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

1: Reset the GPIO port D

GPIO port C reset

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

1: Reset the GPIO port C

GPIO port B reset

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

1: Reset the GPIO port B

GPIO port A reset

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

1: Reset the GPIO port A

Must be kept at reset value

Alternate function /O reset

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

1: Reset Alternate Function 1/O

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)

29

28

27

26 25 24 23 22

21

20

19

18

17

16

Reserved

DACRST

PMURST

BKPIRST

CAN1RS [ CANORS
Reserved 12C1RST
T T

I2CORST

UART4R

ST

UART3R

ST

USART2

RST

USART1

RST

Reserved

w rw w

w

w

w

w
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15

14

13 12

11

10 9 8 7 6

5

4

3

2

1

0

SPI2RST

SPI1IRST

Reserved

WWDGT

RST

Reserved

TIMERGR

ST

TIMERS5R

ST

TIMER4R

ST

TIMER3R

ST

TIMER2R

ST

TIMER1R

ST

Bits

Fields

Descriptions

w

w

w

w

w

w

31:30

29

28

27

26

25

24:23

22

21

20

Reserved

DACRST

PMURST

BKPIRST

CAN1RST

CANORST

Reserved

I2C1RST

I2CORST

UART4RST

Must be kept at reset value

DAC reset

This bit is set and reset by software.

0: No reset
1: Reset DAC unit

Power control reset

This bit is set and reset by software.

0: No reset

1: Reset power control unit

Backup interface reset

This bit is set and reset by software.

0: No reset
1: Reset backup interface

CANL1 reset

This bit is set and reset by software.

0: No reset
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

I12C1 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.
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19

18

17

16

15

14

13:12

11

10:6

UART3RST

USART2RST

USART1RST

Reserved

SPI2RST

SPI1IRST

Reserved

WWDGTRST

Reserved

TIMERG6RST

TIMER5RST

0: No reset
1: Reset the UART4

UART3 reset

This bit is set and reset by software.

0: No reset
1: Reset the UART3

USART2 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART2

USART1 reset

This bit is set and reset by software.

0: No reset
1: Reset the USART1

Must be kept at reset value

SPI2 reset

This bit is set and reset by software.

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

TIMERG reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMERG6

TIMERS reset

This bit is set and reset by software.

0: No reset
1: Reset the TIMER5
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3

5.6.6.

31

30

TIMER4RST

TIMER3RST

TIMER2RST

TIMER1RST

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

TIMER?Z reset

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

1: Reset the TIMER2

TIMERL1 reset

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

1: Reset the TIMER1

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)

29

28

27

26 25 24 23 22

21

20

19

18

17

16

Reserved

ENETRX

EN

15

14

13

12

11

10 9 8 7 6

4

2

w

0

ENETTX

EN

ENETEN

Reserved

USBFSE

N

Reserved EXMCEN | Reserved | CRCEN

Reserved

FMCSPE

N

Reserved

SRAMSP

EN

DMA1EN

DMAOEN

rw

Bits

Fields

rw

Descriptions

w

31:17

16

15

Reserved

ENETRXEN

ENETTXEN

Must be kept at reset value

Ethernet RX clock enable

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

1: Enabled Ethernet RX clock

Ethernet TX clock enable

This bit is set and reset by software.
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14

13

12

11:9

ENETEN

Reserved

USBFSEN

Reserved

EXMCEN

Reserved

CRCEN

Reserved

FMCSPEN

Reserved

SRAMSPEN

DMA1EN

0: Disabled Ethernet TX clock
1: Enabled Ethernet TX clock

Ethernet clock enable

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

1: Enabled Ethernet clock

Must be kept at reset value

USBFS clock enable

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

1: Enabled USBFS clock

Must be kept at reset value

EXMC clock enable

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

1: Enabled EXMC clock

Must be kept at reset value

CRC clock enable

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

1: Enabled CRC clock

Must be kept at reset value

FMC clock enable when sleep mode

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

mode.

0: Disabled FMC clock during Sleep mode

1: Enabled FMC clock during Sleep mode

Must be kept at reset value

SRAM interface clock enable when sleep mode

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

Sleep mode.

0: Disabled SRAM interface clock during Sleep mode.

1: Enabled SRAM interface clock during Sleep mode

DMAL1 clock enable
This bit is set and reset by software.
0: Disabled DMAL1 clock
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1: Enabled DMAL1 clock
0 DMAOEN DMAO clock enable
This bit is set and reset by software.
0: Disabled DMAO clock
1: Enabled DMAO clock
5.6.7. APB2 enable register (RCU_APBZ2EN)
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
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USARTO | TIMER7E TIMEROE
Reserved SPIOEN ADCIEN [ ADCOEN PGEN PFEN PEEN PDEN PCEN PBEN PAEN Reserved | AFEN
EN N N
w w rw w w rw I\ rw I\ rw rw w rw w
Bits Fields Descriptions
31:15 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 TIMERY clock enable
This bit is set and reset by software.
0: Disabled TIMER7 clock
1: Enabled TIMER?7 clock
12 SPIOEN SPIO0 clock enable
This bit is set and reset by software.
0: Disabled SPIO clock
1: Enabled SPIO clock
11 TIMEROEN TIMERO clock enable
This bit is set and reset by software.
0: Disabled TIMERO clock
1: Enabled TIMERO clock
10 ADC1EN ADC1 clock enable
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This bit is set and reset by software.
0: Disabled ADCL1 clock
1: Enabled ADC1 clock

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

8 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

7 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

6 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

5 PDEN GPIO port D clock enable
This bit is set and reset by software.
0: Disabled GPIO port D clock
1: Enabled GPIO port D clock

4 PCEN GPIO port C clock enable
This bit is set and reset by software.
0: Disabled GPIO port C clock
1: Enabled GPIO port C clock

3 PBEN GPIO port B clock enable
This bit is set and reset by software.
0: Disabled GPIO port B clock
1: Enabled GPIO port B clock

2 PAEN GPIO port A clock enable
This bit is set and reset by software.
0: Disabled GPIO port A clock
1: Enabled GPIO port A clock

1 Reserved Must be kept at reset value

0 AFEN Alternate function 10 clock enable

This bit is set and reset by software.

135



<

GigaDevice GD32F10x User Manual
0: Disabled Alternate Function 10 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 I2C1EN | I2COEN Reserved
N N EN EN
w w w w w w w 12 w 12 w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WWDGT TIMERGE | TIMERSE | TIMER4E | TIMERS3E | TIMER2E | TIMER1E
SPI2EN | SPI1EN Reserved Reserved
EN N N N N N N
w w w w 12 w 12 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 CANL1 clock enable
This bit is set and reset by software.
0: Disabled CANL1 clock
1: Enabled CAN1 clock
25 CANOEN CANO clock enable

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

USART2EN

USARTI1EN

Reserved

SPI2EN

SPI1EN

Reserved

WWDGTEN

1: Enabled CANO clock
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

12CO0 clock enable

This bit is set and reset by software.

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

UART4 clock enable

This bit is set and reset by software.

0: Disabled UART4 clock
1: Enabled UART4 clock

UARTS3 clock enable

This bit is set and reset by software.

0: Disabled UARTS3 clock
1: Enabled UART3 clock

USART2 clock enable

This bit is set and reset by software.

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

USART1 clock enable

This bit is set and reset by software.

0: Disabled USART1 clock
1: Enabled USART1 clock

Must be kept at reset value

SPI2 clock enable

This bit is set and reset by software.

0: Disabled SPI2 clock
1: Enabled SPI2 clock

SPI1 clock enable

This bit is set and reset by software.

0: Disabled SPI1 clock
1: Enabled SPI1 clock

Must be kept at reset value

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

10:6 Reserved Must be kept at reset value

TIMERGEN TIMERG clock enable
This bit is set and reset by software.
0: Disabled TIMER®6 clock
1: Enabled TIMERSG6 clock

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

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

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

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

TIMER1EN TIMERL1 clock enable
This bit is set and reset by software.
0: Disabled TIMER1 clock
1: Enabled TIMER1 clock

5.6.9. Backup domain control register (RCU_BDCTL)

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

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

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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‘ Reserved ‘ BKPRST |
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LXTALBP | LXTALST
RTCEN Reserved RTCSRCJ[1:0] Reserved LXTALEN
S B
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

7:3 Reserved Must be kept at reset value

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
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1: Enable LXTAL
5.6.10. Reset source/clock register (RCU_RSTSCK)
Address offset: 0x24
Reset value: 0Ox0C00 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 11 10 9 8 7 6 5 4 3 2 1 0
IRC40K | IRC40KE
Reserved
STB N
r w
Bits Fields Descriptions
31 LPRSTF Low-power reset flag
Set by hardware when Deep-sleep /standby reset generated.
Reset by writing 1 to the RSTFC bit.
0: No Low-power management reset generated
1: Low-power management reset generated
30 WWDGTRSTF Window watchdog timer reset flag
Set by hardware when a window watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No window watchdog reset generated
1: Window watchdog reset generated
29 FWDGTRSTF Free watchdog timer reset flag
Set by hardware when a free watchdog timer reset generated.
Reset by writing 1 to the RSTFC bit.
0: No free watchdog timer reset generated
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
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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

5.6.11. 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 11 10 9 8 7 6 5 4 3 2 1 0
ENETRS USBFSR
Reserved Reserved Reserved
T ST
w w
Bits Fields Descriptions
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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
PREDVO
Reserved 12S2SEL | 12S1SEL
SEL
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] PREDVO[3:0]
w w w w
Bits Fields Descriptions
31:19 Reserved Must be kept at reset value
18 12S2SEL 1252 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 12S1SEL 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 selected as PREDVO input source clock
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1: CK_PLL1 selected as PREDVO input source clock

15:12 PLL2MF[3:0] The PLL2 clock multiplication factor

Set and reset by software.
00xx: reserve
010x: reserve

0110: (PLL2 source clock x 8)

0111: (PLL2 source clock x 9)

1000 :(PLL2 source clock x 10)
1001: (PLL2 source clock x 11)
1010: (PLL2 source clock x 12)
1011: (PLL2 source clock x 13)
1100: (PLL2 source clock x 14)
1101: (PLL2 source clock x 15)
1110: (PLL2 source clock x 16)
1111: (PLL2 source clock x 20)

11:8 PLL1IMF[3:0] The PLL1 clock multiplication factor
Set and reset by software.

00xx: reserve
010x: reserve

0110: (PLL1 source clock x 8)

0111: (PLL1 source clock x 9)

1000 :(PLL1 source clock x 10)
1001: (PLL1 source clock x 11)
1010: (PLL1 source clock x 12)
1011: (PLL1 source clock x 13)
1100: (PLL1 source clock x 14)
1101: (PLL1 source clock x 15)
1110 :(PLL1 source clock x 16)
1111: (PLL1 source clock x 20)

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

3:0 PREDVO0[3:0] PREDVO division factor
This bit is set and reset by software. These bits can be written when PLL is disable.
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 DSLPVS[2:0]
rw
Bits Fields Descriptions
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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 :
001 :
010 :
011:

Ixx :

The core voltage is 1.2V in Deep-sleep mode
The core voltage is 1.1V in Deep-sleep mode
The core voltage is 1.0V in Deep-sleep mode
The core voltage is 0.9V in Deep-sleep mode

Reserved
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6.

6.1.

6.2.

6.3.

Interrupt/event controller (EXTI)

Overview

Cortex-M3 integrates the Nested Vectored Interrupt Controller (NVIC) for efficient exception
and interrupts processing. NVIC facilitates low-latency exception and interrupt handling and
controls power management. It's tightly coupled to the processer core. You can read the
Technical Reference Manual of Cortex-M3 for more details about NVIC.

EXTI (interrupt/event controller) contains up to 20 independent edge detectors and generates
interrupt requests or events to the processer. The EXTI has three trigger types: rising edge,
falling edge and both edges. Each edge detector in the EXTI can be configured and masked
independently.

Characteristics

Cortex-M3 system exception.

Up to 68 maskable peripheral interrupts.

4 bits interrupt priority configuration—216 priority levels.
Efficient interrupt processing.

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

Up to 20 independent edge detectors in EXTI.

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

Trigger sources configurable.

Function overview

The ARM Cortex-M3 processor and the Nested Vectored Interrupt Controller (NVIC) prioritize
and handle all exceptions in Handler Mode. The processor state is automatically stored to the
stack on an exception and automatically restored from the stack at the end of the Interrupt
Service Routine (ISR).

The vector is fetched in parallel to the state saving, enabling efficient interrupt entry. The
processor supports tail-chaining, which enables back-to-back interrupts to be performed
without the overhead of state saving and restoration. The following tables list all exception

types.
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Table 6-1. NVIC exception types in Cortex-M3

. 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 6-2. Interrupt vector table

Interrupt | Vector Non-connectivity devices Connectivity devices
_ _ Vector Address

Number | Number Interrupt Description Interrupt Description
IRQO 16 WWDGT interrupt WWDGT interrupt 0x0000_0040
IRQ1 17 LVD from EXTI interrupt LVD from EXTI interrupt 0x0000_0044
IRQ 2 18 Tamper interrupt Tamper interrupt 0x0000_0048
IRQ 3 19 RTC global interrupt RTC global interrupt 0x0000_004C
IRQ 4 20 FMC global interrupt FMC global interrupt 0x0000_0050
IRQ5 21 RCU global interrupt RCU global interrupt 0x0000_0054
IRQ 6 22 EXTI LineO interrupt EXTI LineO interrupt 0x0000_0058
IRQ7 23 EXTI Linel interrupt EXTI Linel 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 channelO global DMAO channelO global
IRQ 11 27 ) ) 0x0000_006C

interrupt interrupt

DMAO channell global DMAO channell global

IRQ 12 28 ) . 0x0000_0070
interrupt interrupt
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Interrupt | Vector Non-connectivity devices Connectivity devices
_ _ Vector Address
Number | Number Interrupt Description Interrupt Description
DMAO channel2 global DMAO channel2 global
IRQ 13 29 ) . 0x0000_0074
interrupt interrupt
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 )
IRQ 24 40 ) TIMERO break interrupt 0x0000_00A0
TIMERS global interrupt
TIMERO update interrupt and )
IRQ 25 41 . TIMERO update interrupt 0x0000_00A4
TIMERS9 global interrupt
TIMERQO trigger and channel )
o TIMERQO trigger and channel
IRQ 26 42 commutation interrupts and o 0x0000_00A8
) commutation interrupts
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_00BO
IRQ 29 45 TIMERZ global interrupt TIMERZ2 global interrupt 0x0000_00B4
IRQ 30 46 TIMERS3 global interrupt TIMERS global interrupt 0x0000_00B8
IRQ 31 a7 I12CO0 event interrupt 12CO0 event interrupt 0x0000_00BC
IRQ 32 48 12CO0 error interrupt 12CO error interrupt 0x0000_00C0
IRQ 33 49 I2C1 event interrupt I2C1 event interrupt 0x0000_00C4
IRQ 34 50 I2C1 error interrupt I12C1 error interrupt 0x0000_00C8
IRQ 35 51 SPIO global interrupt SPIO 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
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Interrupt | Vector Non-connectivity devices Connectivity devices
_ _ Vector Address
Number | Number Interrupt Description Interrupt Description
IRQ 39 55 USART?2 global interrupt USART?2 global interrupt 0x0000_00DC
IRQ 40 56 EXTI line[15:10] interrupts EXTI line[15:10] interrupts | 0x0000_00EO
i RTC alarm from EXTI
IRQ 41 57 RTC alarm from EXTI interrupt ] 0x0000_00E4
interrupt
USBD wakeup from EXTI USBFS wakeup from EXTI
IRQ 42 58 ) ) 0x0000_00ES8
interrupt interrupt
TIMER?Y break interrupt and )
IRQ 43 59 ) TIMERY break interrupt 0x0000_00EC
TIMERL11 global interrupt
TIMERY update interrupt and ]
IRQ 44 60 ) TIMER7 update interrupt 0x0000_00FO0
TIMER12 global interrupt
TIMERY trigger and channel )
o TIMERY trigger and channel
IRQ 45 61 commutation interrupts and o 0x0000_0OO0F4
. commutation interrupts
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 TIMERA4 global interrupt 0x0000_0108
IRQ51 67 SPI2 global interrupt SPI2 global interrupt 0x0000_010C
IRQ52 68 UART3 global interrupt UART3 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
DMAL1 channel0 global DMAL1 channel0 global
IRQ56 72 ) ) 0x0000_0120
interrupt interrupt
DMAZ1 channell global DMAZ1 channell global
IRQ57 73 ) ) 0x0000_0124
interrupt interrupt
DMA1 channel2 global DMAZ1 channel2 global
IRQ58 74 ) ) 0x0000_0128
interrupt interrupt
DMAL channel3 and DMA1 DMAL1 channel3 global
IRQ59 75 ) ) 0x0000_012C
channel4 global interrupt interrupt
DMAL1 channel4 global
IRQ60 76 reserved ] 0x0000_0130
interrupt
IRQ61 77 reserved ENET global interrupt 0x0000_0134
ENET wakeup from EXTI
IRQ62 78 reserved ] 0x0000_0138
interrupt
IRQ63 79 reserved CAN1 TX interrupt 0x0000_013C
IRQ64 80 reserved CANL1 RXO interrupt 0x0000_0140
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Interrupt | Vector Non-connectivity devices Connectivity devices
_ _ Vector Address
Number | Number Interrupt Description Interrupt Description
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:

6.4.

1. IRQO ~ 42 are available in MD devices, but when the flash memory is less than 64KB,
IRQ30, IRQ33, IRQ34, IRQ36 and IRQ39 are not available.

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

devices.

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

External interrupt and event (EXTI) block diagram

Figure 6-1. Block diagram of EXTI

EXTI Line0~19

Polarity Software
Control Trigger
Edge
detector
A 4
ToNVIC
Interrupt Mask °
Control »
Event Event Mask To Wakeup Unit
Generate Control >
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6.5.

External Interrupt and Event function overview

The EXTI contains up to 20 independent edge detectors and generates interrupts request or
event to the processer. The EXTI has three trigger types: rising edge, falling edge and both
edges. Each edge detector in the EXTI can be configured and masked independently.

The EXTI trigger source includes 16 external lines from GPIO pins and 4 lines from internal
modules (including LVD, RTC Alarm, USB Wakeup, Ethernet Wakeup). All GPIO pins can be
selected as an EXTI trigger source by configuring AFIO_EXTISSx registers in GPIO module
(please refer to GPIO and AFIO section for detail).

EXTI can provide not only interrupts but also event signals to the processor. The Cortex-M3
processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the Send
Event (SEV) instructions. The Wake-up Interrupt Controller (WIC) enables the processor and
NVIC to be put into a very low-power sleep mode leaving the WIC to identify and prioritize
interrupts and event. EXTI can be used to wake up processor and the whole system when
some expected event occurs, such as a special GPIO pin toggling or RTC alarm.

Table 6-3. EXTI source

EXTI Line
N Source

0 PAO/PBO/PCO/PDO/PEO/PFO/PGO
1 PA1/PB1/PC1/PD1/PE1/PF1/PG1
2 PA2/PB2/PC2/PD2/PE2/PF2/PG2
3 PA3/PB3/PC3/PD3/PE3/PF3/PG3
4 PA4/PB4/PCA4/PD4/PE4/PF4/PGA4
5 PA5/PB5/PC5/PD5/PE5/PF5/PG5
6 PA6/PB6/PC6/PD6/PE6/PF6/PG6
7 PA7/PB7/PC7/PD7/PE7/PF7/PG7
8 PA8/PB8/PC8/PD8/PE8/PF8/PG8
9 PA9/PB9/PC9/PD9/PE9/PFI/PG9
10 PA10/PB10/PC10/PD10/PE10/PF10/PG10
11 PA11/PB11/PC11/PD11/PE11/PF11/PG11
12 PA12/PB12/PC12/PD12/PE12/PF12/PG12
13 PA13/PB13/PC13/PD13/PE13/PF13/PG13
14 PA14/PB14/PC14/PD14/PE14/PF14/PG14
15 PA15/PB15/PC15/PD15/PE15/PF15/PG15
16 LVD
17 RTC Alarm
18 USB Wakeup
19 Ethernet Wakeup

Note: The EXTI linel9 is available only in the GD32F107xx device.
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6.6. Register definition
6.6.1. 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 rw w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

w w w w w w w w w w w 12 w 12 w w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value
19:0 INTENX Interrupt enable bit

0: Interrupt from Linex is disabled.
1: Interrupt from Linex is enabled.

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

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

rw w w rw w w rw w rw w rw w w rw rw w
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value
19:0 EVENx Event enable bit

0: Event from Linex is disabled.

1: Event from Linex is enabled.
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6.6.3. 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 |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘RTENlS ‘ RTEN14 ‘ RTEN13 ‘ RTEN12 ‘ RTEN11 ‘ RTENlO‘ RTEN9 ‘ RTEN8 ‘ RTEN7 ‘ RTENG ‘ RTENS ‘ RTEN4 ‘ RTEN3 ‘ RTEN2 ‘ RTEN1 ‘ RTENO |

w w w rw w w rw w rw w rw rw w rw w rw
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value
19:0 RTENx Rising edge trigger enable
0: Rising edge of Linex is invalid
1: Rising edge of Linex is valid as an interrupt/event request
6.6.4. 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 2 w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

rw rw rw rw w w rw w rw w rw rw w rw w rw
Bits Fields Descriptions
31: 20 Reserved Must be kept at reset value
19:0 FTENX Falling edge trigger enable

0: Falling edge of Linex is invalid

1: Falling edge of Linex is valid as an interrupt/event request
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6.6.5. Software interrupt event register (EXTI_SWIEV)

Address offset: 0x10
Reset value: 0x0000 0000

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

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

‘ Reserved ‘ SWIEV19 ‘ SWIEV18 ‘ SWIEV17 ‘ SWIEV16 |
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘SWIEVJ.S ‘SWIEV14 ‘SWIEVlS‘SWIEVlZ ‘SWIEVll‘SWIEVlO‘ SWIEV9 ‘ SWIEVS ‘ SWIEV7 ‘ SWIEV6 ‘ SWIEVS ‘ SWIEV4 ‘ SWIEV3 ‘ SWIEV2 ‘ SWIEV1 ‘ SWIEVO |

w w w rw w w rw w rw w rw rw w rw w rw
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value
19: 0 SWIEVX Interrupt/Event software trigger

0: Deactivate the EXTIx software interrupt/event request
1: Activate the EXTIx software interrupt/event request

6.6.6. Pending register (EXTI_PD)

Address offset: 0x14
Reset value: 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_wl rc_wl rc_wl rc_wl

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

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

Bits Fields Descriptions

31: 20 Reserved Must be kept at reset value

19:0 PDx Interrupt pending status

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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7.

7.1.

7.2

7.3.

General-purpose and alternate-function 1/Os (GPIO

and AFIO)

Overview

There are up to 112 general purpose I/O pins (GPIO), named PAO ~ PA15, PBO ~ PB15, PCO
~PC15, PDO ~ 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 (EXTI).

The GPIO ports are pin-shared with other alternative functions (AFs) to obtain maximum
flexibility on the package pins. The GPIO pins can be used as alternative functional pins by
configuring the corresponding registers regardless of the AF input or output pins.

Each of the GPIO pins can be configured by software as output (push-pull or open-drain),
input, peripheral alternate function or analog mode. Each GPIO pin can be configured as pull-
up, pull-down or no pull-up/pull-down. All GPIOs are high-current capable except for analog
mode.

Characteristics

Input/output direction control.

Schmitt trigger input function enable control.

Each pin weak pull-up/pull-down function.

Output push-pull/open drain enable control.

Output set/reset control.

External interrupt with programmable trigger edge — using EXTI configuration registers.
Analog input/output configuration.

Alternate function input/output configuration.

Port configuration lock.

Function overview

Each of the general-purpose I/O ports can be configured as 8 modes: analog inputs, input
floating, input pull-down/pull-up, GPIO push-pull/open-drain or AFIO push-pull/open-drain
mode by two GPIO configuration registers (GPIOx_CTLO/GPIOx_CTL1), and two 32-bits data
registers (GPIOx_ISTAT and GPIOx_OCTL).Table 7-1. GPIO configuration table shows the
details.
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Table 7-1. GPIO configuration table
Configuration mode CTL[1:0] MDI[1:0] OCTL
Analog 00 don’t care
Input floating 01 don’t care
Input 0
Input pull-down 10 0
Input pull-up 10 1
Push-pull 00 Oorl
|
General purpose 00: Reserved
Output (GPIO ;
utput ( ) Open-drain 01  |o1: Speed up to 10MHz Oorl
10: Speed up to 2MHz ,
Alternate Function Push-pull 10 P P don’t care
11: Speed up to 50MHz
Output (AFIO) Open-drain 11 don't care
Figure 7-1. Basic structure of a standard 1/0O port bit shows the basic structure of an I/O
port bit.
Figure 7-1. Basic structure of a standard 1/O port bit
S e
9 Output Output driver
Control vdd
Read/Write »| Register J
Qutput
) Control [ | vdd
Alternate Function OQutput |
1 ESD
1 protection
Vss
‘Analog ( Input / Output ) R 110 [@
Alternate Function Input [Q
\753
Read Input |
-« Status [ N\
Register |
Schmitt
Input driver trigger
7.3.1. GPIO pin configuration

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

PA15: JTDI in PU mode.
PA14: JTCK / SWCLK in PD mode.
PA13: JTMS / SWDIO in PU mode.
PB4: NJTRST in PU mode.
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7.3.2.

7.3.3.

7.3.4.

PB3: JTDO in Floating mode.

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

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

There is no need to read-then-write when programming the GPIOx_OCTL at bit level, user
can modify only one or several bits in a single atomic APB2 write access by programming ‘1’
to the bit operate register (GPIOx_BOP, or for clearing only GPIOx_BC). The other bits will
not be affected.

External interrupt/event lines

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

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_CTL1 registers), the port is used
as peripheral alternate functions. The detail alternate function assignments for each port are
in the device datasheet.

Input configuration

When GPIO pin is configured as Input:

B The schmitt trigger input is enabled.

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

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

B The output buffer is disabled.

Figure 7-2. Input configuration shows the input configuration.
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Figure 7-2. Input configuration
Alternate Function Input
- vdd ESD
T protection
Read Input | ﬁ 1/0 pin
-« Status [« N[
Register |
Schmitt
Input driver trigger _l_ Vss
7.3.5. 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 output low level when a “0” in the output control register.
while the pad leaves Hi-Z when a “1” in the output control register.

Push-Pull Mode: The pad output low level when a “0” in the output control register;
while the pad output high level when a “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 7-3. Output configuration shows the output configuration.

Figure 7-3. Output configuration
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Bit Operate
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Output driver
Control vdd
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Output
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7.3.6. 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 1/0 port bit is “0”.

Figure 7-4. Analog configuration shows the analog configuration.

Figure 7-4. Analog configuration

ESD
protection

Analog ( Input / Output ) I/O pin
-

7.3.7. Alternate function (AF) configuration

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

When be configured as alternate function:

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

The output buffer is driven by the peripheral.

The schmitt trigger input is enabled.

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

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

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

Figure 7-5. Alternate function configuration shows the alternate function configuration.
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7.3.8.

7.3.9.

Figure 7-5. Alternate function configuration
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IO pin function selection

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

GPIO:

Each 10 pin can be used for GPIO input function by configuring MDy bits to 0bOO in
GPIOx_CTLO/GPIOx_CTL1 registers. And set output function by configuring MDy bits to 0b01,
0b10, or Ob11 and configuring CTLy bits of corresponding port in GPIOx_CTLO/GPIOx_CTL1
register to 0b0O0 (for GPIO push-pull output) or 0b01 (for GPIO open-drain output).

Alternate function:

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

GPIO locking function

The locking mechanism allows the 1O configuration to be protected.

The protected registers are GPIOx_CTLO, GPIOx_CTL1. It allows the I/O configuration to be
frozen by the 32-bit locking register (GP1IOx_LOCK). When the special LOCK sequence has
been occurred on LKK bit in GPIOx_LOCK register and the LKy bit is set in GPIOx_LOCK
register, the corresponding port is locked and the corresponding port configuration cannot be
modified until the next reset. It should be recommended to be used in the configuration of
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7.4.

7.4.1.

7.4.2.

7.4.3.

driving a power module.

Remapping function 1/0 and debug configuration

Introduction

In order to expand the flexibility of the GPIO or the usage of peripheral functions, each 1/0O pin
can be configured to have up to four different functions by setting the AFIO Port Configuration
Register (AFIO_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 line by setting the relevant EXTI Source Selection Register (AFIO_EXTISSX)

to trigger an interrupt or event.

Main features

B APB slave interface for register access.
B EXTI source selection.

B Each pin has up to four alternative functions for configuration.

JTAG/SWD alternate function remapping

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

Table 7-2. Debug interface signals

Alternate function GPIO port
JTMS / SWDIO PA13
JTCK / SWCLK PA14

JTDI PA15

JTDO / TRACESWO PB3

NJTRST PB4
TRACECK PE2
TRACECKO PE3
TRACECK1 PE4
TRACECK2 PES5
TRACECKS PEG6

To reduce the number of GPIOs used to debug, user can configure SWJ_CFG [2:0] bits in
the AFIO_PCFO to different value. Refer to table below.
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Table 7-3. Debug port mapping
SWJ /O pin assigned
SWJ _CFG
- i PA13/ | PA14/ PB3/JTDO/
[2:0] Available debug ports PA15/ PB4/
’ JTMS/ | JTCK/S TRACE
JTDI NJTRST
SWDIO | WCLK SWO
Full SWJ (JTAG-DP + SW-DP)
000 ° ° ° ° °
(Reset state)
Full SWJ (JTAG-DP + SW-DP)
001 ° ° ° ° X
but without NJTRST
JTAG-DP Disabled and SW-DP
010 ° ° X X® X
Enabled
JTAG-DP Disabled and SW-DP
100 X X X X X
Disabled
Other Forbidden
1. Released only if not using asynchronous trace.
7.4.4. ADC AF remapping

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

Table 7-4. ADCO external trigger inserted conversion AF remapping @

Alternate function ADCO_ETRGINS_REMAP =0 ADCO_ETRGINS_REMAP =1
] ] ) ADCO external trigger inserted
ADCO external trigger ADCO external trigger inserted o
) ] o conversion is connected to
inserted conversion conversion is connected to EXTI15
TIMER7_CH3

1. Remap available only for High-density and Extra-density devices

Table 7-5. ADCO external trigger regular conversion AF remapping @

Alternate function ADCO_ETRGREG_REMAP =0 ADCO_ETRGREG_REMAP =1
] ] ADCO external trigger regular
ADCO external trigger ADCO external trigger regular o
) o conversion is connected to
regular conversion conversion is connected to EXTI11
TIMER7_TRGO

1. Remap available only for High-density and Extra-density devices

Table 7-6. ADC1 external trigger inserted conversion AF remapping ®

Alternate function ADC1_ETRGINS_REMAP =0

ADC1_ETRGINS_REMAP =1

ADCL1 external trigger

inserted conversion

ADC1 external trigger inserted
conversion is connected to
EXTI15

ADC1 external trigger inserted
conversion is connected to
TIMER7_CH3

1. Remap available only for High-density and Extra-density devices
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Table 7-7. ADC1 external trigger regular conversion AF remapping @
Alternate function ADC1_ETRGREG_REMAP =0 ADC1 _ETRGREG_REMAP =1
] ADC1 external trigger regular ADC1 external trigger regular
ADC1 external trigger o o
_ conversion is connected to conversion is connected to
regular conversion
EXTI11 TIMER7_TRGO
1. Remap available only for High-density and Extra-density devices
7.4.5. TIMER AF remapping

Table 7-8. TIMERO alternate function remapping

Alternate function TIMERO_REMAP [1:0] | TIMERO_REMAP [1:0] = | TIMERO_REMAP [1:0] =
= “00” (no remap) “01” (partial remap) “11” (full remap) ®
TIMERO_ETI PA12 PE7
TIMERO_CHO PA8 PE9
TIMERO_CH1 PA9 PE11
TIMERO_CH2 PA10 PE13
TIMERO_CH3 PAl1l PE14
TIMERO_BKIN PB12 PA6 PE15
TIMERO_CHO_ON PB13@ PA7 PES8
TIMERO_CH1_ON PB14@ PBO PE10
TIMERO_CH2_ON PB15@ PB1 PE12

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

2. Remap not available on 36-pin package

Table 7-9. TIMERL1 alternate function remapping

TIMER1_REMAP | TIMER1_REMAP |TIMER1_REMAP | TIMER1_REMAP
Alternate function [1:0] = “00” [1:0] = “01” [1: 0] = “10” [1:0] = “11”
(no remap) (partial remap) (partial remap) | (full remap) @
TIMER1_CHO/TIMER

1ETIO PAO PA15 PAO PA15
TIMER1_CH1 PA1l PB3 PA1 PB3
TIMER1_CH2 PA2 PB10
TIMER1_CH3 PA3 PB11

1. TIMER1_CHO and TIMER1_ETI share the same pin but cannot be used at the same time

2. Remap not available on 36-pin package

Table 7-10. TIMER?2 alternate function remapping

Alternate TIMER2_REMAP [1:0] = | TIMER2_REMAP [1:0] =| TIMER2_REMAP [1:0] =

function “00” (no remap) “10” (partial remap) “11” (full remap) @®
TIMER2_CHO PA6 PB4 PC6
TIMER2_CH1 PA7 PB5 PC7
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Alternate | TIMER2_REMAP [1:0] = | TIMER2_REMAP [1:0] = | TIMER2_REMAP [1:0] =

function “00” (no remap) “10” (partial remap) “11” (full remap) @
TIMER2_CH2 PBO PC8
TIMER2_CH3 PB1 PC9

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

Table 7-11. TIMERS3 alternate function remapping

Alternate function TIMER3_REMAP =0 TIMER3_REMAP = 1M
TIMER3_CHO PB6 PD12
TIMER3_CH1 PB7 PD13
TIMER3_CH2 PB8 PD14
TIMER3_CH3 PB9 PD15

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

Table 7-12. TIMER4 alternate function remapping @

Alternate function

TIMER4CH3_REMAP =0

TIMER4CH3_REMAP =1

TIMER4_CH3

TIMER4_CH3 is connected to PA3

IRC40K
connected to TIMER4_CH3 input
for calibration purpose

internal  clock is

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

Table 7-13. TIMERS alternate function remapping ®

Alternate function

TIMER8_REMAP =0

TIMER8_REMAP =1

TIMERS_CHO

PA2

PES

TIMER8_CH1

PA3

PEG

1. Referto the AF remap and debug I/O configuration register 1(AFIO_ PCF1).

Table 7-14. TIMER9 alternate function remapping ®

Alternate function

TIMER9_REMAP =0

TIMER9_REMAP =1

TIMER9_CHO

PB8

PF6

1. Referto the AF remap and debug I/O configuration register 1 (AFIO_ PCF1).

Table 7-15. TIMER10 alternate function remapping ®

Alternate function

TIMER10_REMAP =0

TIMER10_REMAP =1

TIMER10_CHO

PB9

PF7

1. Refer to the AF remap and debug I/O configuration register 1(AFIO_ PCF1).

Table 7-16. TIMER12 alternate function remapping @

Alternate function

TIMER12_REMAP =0

TIMER12_REMAP =1

TIMER12_CHO

PAG

PF8

1. Refer to the AF remap and debug I/O configuration register 1(AFIO_ PCF1).
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Table 7-17. TIMER13 alternate function remapping ®
Alternate function TIMER13_REMAP =0 TIMER13_REMAP =1
TIMER13_CHO PA7 PF9

1. Refer to the AF remap and debug I/O configuration register 1(AFIO_PCF1).

7.4.6. USART AF remapping
Refer to AFIO port configuration register 0 (AFIO_PCFO0).

Table 7-18. USARTO alternate function remapping

Alternate function USARTO_REMAP =0 USARTO_REMAP =1
USARTO_TX PA9 PB6
USARTO_RX PA10 PB7

Table 7-19. USART1 alternate function remapping

Alternate function USART1_REMAP =0 USART1_ REMAP=1®
USART1_CTS PAO PD3
USART1_RTS PAl PD4

USART1_TX PA2 PD5
USART1_RX PA3 PD6
USART1_CK PA4 PD7

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

Table 7-20. USART?2 alternate function remapping

~ |USART2_REMAP [1:0] =| USART2_REMAP [1:0] | USART2_REMAP [1:0]
Alternate function
“00” (no remap) =“01” (partial remap) @ | =“11” (full remap) @
USART2_TX PB10 PC10 PD8
USART2_RX PB11 PC11 PD9
USART2_CK PB12 PC12 PD10
USART2_CTS PB13 PD11
USART2_RTS PB14 PD12

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

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

7.4.7. I2C0O AF remapping
Refer to AFIO port configuration register 0 (AFIO_ PCFO0).

Table 7-21. 12C0 alternate function remapping

Alternate function 12C0_REMAP =0 12C0_REMAP =1
12C0_SCL PB6 PB8
12C0_SDA PB7 PB9
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7.4.8.

7.4.9.

7.4.10.

7.4.11.

SPIO AF remapping
Refer to AFIO port configuration register 0 (AFIO_PCFO0).

Table 7-22. SPI0 alternate function remapping

Alternate function SPI0_REMAP =0 SPI0_REMAP =1
SPIO_NSS PA4 PA15
SPIO_SCK PAS5 PB3
SPIO_MISO PAG6 PB4
SPI0O_MOSI PA7 PB5

SPI2/12S2 AF remapping
Refer to AFIO port configuration register O (AFIO_ PCFO0).

Table 7-23. SPI12/12S2 alternate function remapping

Alternate function SPI0_REMAP =0 SPI0_REMAP = 1
SPI2_NSS/ 12S2_ WS PA15 PA4
SPI2_SCK/ 12S2_CK PB3 PC10

SPI2_MISO PB4 PC11
SPI2_MOSI/I2S2_SD PB5 PC12

CANO 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 7-24. CANO alternate function remapping

, CANO_REMAP[1:0] | CANO_REMAP[1:0] | CANO_REMAP[1:0]
Alternate function @
=uoou =“10u(3) =“1 1”(2)
CANO_RX PAl1l PB8 PDO
CANO_TX PA12 PB9 PD1

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, when PDO and PD1 are not
remapped on OSC_IN and OSC_OUT.

3. Remap not available on 36-pin package.

CAN1 AF remapping

CAN1 is available in connectivity lines devices. The external signals can be remapped as
show table below.
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7.4.12.

7.4.13.

Table 7-25. CANL1 alternate function remapping

Alternate function

CAN1_REMAP = “0”

CAN1_REMAP = “1”

CAN1_RX

PB12

PBS

CAN1_TX

PB13

PB6

Ethernet AF remapping

Table 7-26. ENET alternate function remapping

Alternate function

ENET_REMAP = “0”

ENET_REMAP = “1”

RX_DV-CRS_DV PA7 PD8
RXDO PC4 PD9
RXD1 PC5 PD10
RXD2 PBO PD11
RXD3 PB1 PD12

CLK pins AF remapping

The LXTAL oscillator pins OSC32_IN and OSC32_0OUT can be used as general-purpose 1/0
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 Vsar (Voo no more supplied), the PC14/PC15 GPIO

functionality is lost and will be set in analog mode.
2. Refer to the note on 10 usage restrictions in Section Battery backup domain.

Table 7-27. OSC32 pins configuration

Alternate function LXTAL= ON LXTAL= OFF
PC14 OSC32_IN PCi14
PC15 0OSC32_0uT PC15

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

Table 7-28. OSC pins configuration

Alternate function HXTAL= ON HXTAL = OFF
PDO OSC_IN PDO
PD1 OSC_OouT PD1
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7.5. Register definition
7.5.1. Port control register 0 (GPIOx_CTLO, x=A..G)

Address offset: 0x00
Reset value: 0x4444 4444

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ CTL7[1:0] ‘ MD7[1:0] ‘ CTL6[1:0] ‘ MD6[1:0] ‘ CTL5[1:0] ‘ MD5[1:0] ‘ CTL4[1:0] ‘ MDA4[1:0]
w w w rw w w rw rw
15 14 13 12 11 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]
w w w w w w 12 w
Bits Fields Descriptions
31:30 CTL7[1:0] Port 7 configuration bits

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

29:28 MD7[1:0] Port 7 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

27:26 CTL6[1:0] Port 6 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

25:24 MD6[1:0] Port 6 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

23:22 CTL5[1:0] Port 5 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

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

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

17:16 MDA4[1:0] Port 4 mode bits

These bits are set and cleared by software
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15:14

13:12

11:10

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]

refer to MDO[1:0]description

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

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

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

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

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

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

Pin O 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
11: AFIO output with open-drain

Port 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

169



<

GigaDevice GD32F10x User Manual
7.5.2. Port control register 1 (GPIOx_CTL1, x=A..G)

Address offset: 0x04
Reset value: 0x4444 4444

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

31 30 29 28 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]
rw w I\ rw I\ w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CTL11[1:0] ‘ MD11[1:0] ‘ CTL10[1:0] ‘ MD10[1:0] ‘ CTL9[1:0] ‘ MD9[1:0] ‘ CTL8[1:0] ‘ MD8[1:0]
w w w rw I\ w rw w
Bits Fields Descriptions
31:30 CTL15[1:0] Port 15 configuration bits

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

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

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

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

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

21:20 MD13[1:0] Port 13 mode bits
These bits are set and cleared by software
refer to MDO[1:0]description

19:18 CTL12[1:0] Port 12 configuration bits
These bits are set and cleared by software
refer to CTLO[1:0]description

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

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

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

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

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

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

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

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

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

7.5.3. 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 |

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

‘ ISTAT15 ‘ ISTAT14 ‘ ISTAT13 ‘ ISTAT12 ‘ ISTAT11 ‘ ISTATIO‘ ISTAT 9 ‘ ISTAT 8 ’ ISTAT 7 ’ ISTAT 6 ‘ ISTAT 5 ’ ISTAT 4 ‘ ISTAT 3 ’ ISTAT 2 ‘ ISTAT 1 ‘ ISTAT O |

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

Bits Fields Descriptions
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31:16 Reserved Must be kept at reset value
15:0 ISTATY Port input status(y=0..15)

These bits are set and cleared by hardware
0: Input signal low

1: Input signal high

7.5.4. Port output control register (GPIOx_OCTL, x=A..G)

Address offset: 0x0C
Reset value: 0x0000 0000

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

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

‘ Reserved |

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

‘OCTLlS ‘ OCTL14 ‘ OCTL13 ‘ OCTL12 ‘ OCTL11 ‘ OCTLlO‘ OCTL9 ‘ OCTL8 ‘ OCTL7 ‘ OCTL6 ‘ OCTLS ’ OCTL4 ‘ OCTL3 ’ OCTL2 ‘ OCTL1 ‘ OCTLO |

w w rw 1\ rw rw 1\ rw I\ rw I\ w rw rw w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 OCTLy Port output control(y=0..15)

These bits are set and cleared by software
0: Pin output low

1: Pin output high

7.5.5. 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

‘ BOP15 ‘ BOP14 ‘ BOP13 ‘ BOP12 ‘ BOP11 ‘ BOP10 ‘ BOP9 ‘ BOP8 ‘ BOP7 ‘ BOP6 ‘ BOPS ‘ BOP4 ’ BOP3 ’ BOP2 ’ BOP1 | BOPO |

w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:16 CRy Port Clear bit y(y=0..15)
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These bits are set and cleared by software

0: No action on the corresponding OCTLYy bit
1: Clear the corresponding OCTLYy bitto 0

15:0 BOPy Port Set bit y(y=0..15)
These bits are set and cleared by software
0: No action on the corresponding OCTLY bit
1: Set the corresponding OCTLy bit to 1

7.5.6. Port bit clear register (GPIOx_BC, x=A..G)

Address offset: 0x14
Reset value: 0x0000 0000

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

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

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

‘ CR15 ‘ CR14 ‘ CR13 ‘ CR12 ‘ CR11 ‘ CR10 ‘ CR9 ‘ CR8 ‘ CR7 ‘ CR6 ‘ CR5 ’ CR4 ‘ CR3 ’ CR2 ‘ CR1 ‘ CRO |
w w w w w w w w w w w w w w w w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CRy Port Clear bit y(y=0..15)

These bits are set and cleared by software
0: No action on the corresponding OCTLY bit
1: Clear the corresponding OCTLYy bit to O

7.5.7. Port configuration lock register (GPIOx_LOCK, x=A..G)

Address offset: 0x18
Reset value: 0x0000 0000

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

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

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

‘ 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 2 w 2 w w
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Bits Fields Descriptions

31:17 Reserved Must be kept at reset value

16 LKK Lock sequence key

It can only be setted using the Lock Key Writing Sequence. And can always be read.
0: GPIO_LOCK register is not locked and the port configuration is not locked.

1: GPIO_LOCK register is locked until an MCU reset..

LOCK key configuration sequence

Write 1—-Write 0—Write 1— Read 0— Read 1

Note: The value of LK[15:0] must hold during the LOCK Key Writing sequence.

15:0 LKy Port Lock bit y(y=0..15)
These bits are set and cleared by software
0: The corresponding bit port configuration is not locked

1: The corresponding bit port configuration is locked when LKK bit is “1”

7.5.8. Event control register (AFIO_EC)

Address offset: 0x00
Reset value: 0x0000 0000

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

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

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ EOE ‘ PORT[2:0] PIN[3:0]
rw rw rw
Bits Fields Descriptions
318 Reserved Must be kept at reset value
7 EOE Event output enable

Set and cleared by software.When set the EVENTOUT Cortex output is connected
to the 1/O selected by the PORT[2:0] and PIN[3:0] bits

6:4 PORT[2:0] Event output port selection

Set and cleared by software.Select the port used to output the Cortex EVENTOUT
signal.

000: Select PORT A

001: Select PORT B

010: Select PORT C

011: Select PORT D

100: Select PORT E
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3.0 PIN[3:0] Event output pin selection
Set and cleared by software. Select the pin used to output the Cortex EVENTOUT
signal.
0000: Select Pin 0
0001: Select Pin 1
0010: Select Pin 2
1111: Select Pin 15
7.5.9. AFIO port configuration register 0 (AFIO_PCFO)
Address offset: 0x04
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
Memory map and bit definitions for Middle-density, High-density and Extra-density devices:

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

ADC1_ ADCO_
ADC1_ ADCO_ |TIMER4C
SPI2_ ETRGRE ETRGRE
Reserved SWJ_ CFG[2:0] Reserved ETRGINJ ETRGINJ H3_
REMAP R R
_REMAP _REMAP | IREMAP
_REMAP _REMAP
rw w w rw w w 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_ | SPIO_
CAN_REMAP [1:0]
REMAP REMAP [1:0] [1:0] [1:0] REMAP[1:0] REMAP | REMAP | REMAP | REMAP
rw w w rw rw 1\ w w rw w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value
28 SPI2_REMAP SPI2/12S2 remapping
This bit is set and cleared by software.
0: No remap (SPI2_NSS-1252_WS/PA15, SPI2_SCK-12S2_CK/PB3,
SPI2_MISO/PB4, SPI12_MOSI-I12S_SD/PB5)
1: Full remap (SPI2_NSS-12S2_WS/PA4, SPI2_SCK-12S2_CK/PC10,
SPI2_MISO/PC11, SPI2_MOSI-I2S_SD/PC12)
Note: This bit is available only in Extra-density devices and High-density devices.
27 Reserved Must be kept at reset value
26:24 SWJ_CFGJ[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 1/0s. The SWJ(Serial Wire JTAG)
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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 NJTRST
010: JTAG-DP Disabled and SW-DP Enabled
100: JTAG-DP Disabled and SW-DP Disabled
Other: Undefined

23:21 Reserved Must be kept at reset value

20 ADC1_ETRGREG_R ADC 1 external trigger regular conversion remapping

EMAP Set and cleared by software. The bit control the trigger input connected to ADC1

external trigger regular conversion. When this bit is reset, the ADC1 external
trigger reqular conversion to EXTI11.When this bit is set, the ADC1 external event
regular conversion is connected to TIM7_TRGO.

19 ADC1_ETRGINS_RE ADC 1 external trigger inserted conversion remapping

MAP Set and cleared by software. The bit control the trigger input connected to ADC1
external trigger inserted conversion. When this bit is reset, the ADC1 external
trigger inserted conversion to EXTI15.When this bit is set, the ADC1 external
event inserted conversion is connected to TIM7_CHS3.

18 ADCO_ETRGREG_R ADC 0 external trigger regular conversion remapping

EMAP Set and cleared by software. The bit control the trigger input connected to ADCO
external trigger inserted conversion. When this bit is reset, the ADCO external
trigger inserted conversion to EXTI11.When this bit is set, the ADCO external
event inserted conversion is connected to TIM7_TRGO.

17 ADCO_ETRGINS_RE ADC 0 external trigger inserted conversion remapping

MAP Set and cleared by software. The bit control the trigger input connected to ADCO
external trigger inserted conversion. When this bit is reset, the ADCO external
trigger inserted conversion to EXTI15.When this bit is set, the ADCO external
event inserted conversion is connected to TIM7_CHS3.

16 TIMER4CH3_IREMA TIMER4 channel3 internal remapping

P Set and cleared by software.This bit controls the TIMER4_CH3 internal
mapping.When reset the timer 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.

15 PD01_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

14:13 CAN_REMAP [1:0] CAN interface remapping
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12

11:10

9:8

7:6

TIMER3_REMAP

TIMER2_
REMAPI[1:0]

TIMER1_REMAP
[1:0]

TIMERO_REMAP
[1:0]

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/PDO,CAN_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_CHO/PB4,TIMER2_CH1/PB5,TIMER2_CH2/PBO,
TIMER2_CH3/PB1)

11: Full remap (TIMER2_CHO/PC6,TIMER2_CH1/PC7,TIMER2_CH2/PC8,
TIMER2_CH3/PC9)

TIMER1 remapping

These bits are set and cleared by software

00: No remap (TIMER1_CHO-TIMER1_ETI/PAOQ,TIMER1_CH1/PAL,
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/PAL1,
TIMER1_CH2/PB10,TIMER1_CH3/PB11)

11: Full remap(TIMER1_CHO-TIMER1_ETI/PA15,TIMER1_CH1/PBS3,
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_CHZ2/PA10,TIMERO_CH3/PA11, TIMERO_BKIN/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_BKIN/PASG,
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_BKIN/PE15,
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5:4

USART2_REMAP

[1:0]

USART1_REMAP

USARTO_REMAP

12C0_REMAP

SPI0_REMAP

TIMERO_CHO_ON/PES, TIMERO_CH1_ON/PE10, TIMERO_CH2_ON/PE12)

USART?2 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/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)

USARTO remapping

This bit is set and cleared by software

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

12C0 remapping

This bit is set and cleared by software

0: No remap (12C0_SCL/PB6, 12C0_SDA /PB7)
1: Remap (12C0_SCL/PB8, 12C0_SDA /PB9)

SPI0 remapping

This bit is set and cleared by software

0: No remap (SPI0_NSS/PA4, SPI0_SCK /PA5, SPI0_MISO /PA6, SPI0_MOSI
IPAT)

1: Remap (SPI0_NSS/PA15, SPI0_SCK /PB3, SPIO_MISO /PB4, SPI0_MOSI
/PB5)

Memory map and bit definitions for connectivity devices:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PTP_ TIMER1 ENET TIMER4
SPI2_ CAN1_ | ENET_
Reserved | PPS_ ITI1_ Reserved SWJ_ CFGJ[2:0] _PHY Reserved CH3_
REMAP REMAP | REMAP
REMAP | REMAP _SEL IREMAP
w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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PDO1_

REMAP

CANO_REMAP [1:0]

TIMER3_

REMAP

TIMER2_

REMAP[1:0]

TIMER1_

REMAP[1:0]

TIMERO_

REMA [1:0]

USART2_

REMAPI[1:0]

USART1_

REMAP

USARTO_

REMAP

12C0_

REMAP

SPIO_

REMAP

w

Bits

Fields

w

w

w

w

w

w

w

w

w

Descriptions

31

30

29

28

27

26:24

Reserved

PTP_PPS_REMAP

TIMER1ITI1_REMAP

SPI12_REMAP

Reserved

SWJ_CFG[2:0]

Must be kept at reset value.

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.

TIMERL internal trigger 1 remapping

These bits are set and cleared by software. It control the TIMER1_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.

SPI2/I12S2 remapping

This bit is set and cleared by software.

0: No remap (SPI2_NSS-1252_WS/PA15, SPI2_SCK-12S2_CK/PB3,
SPI2_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-12S_SD/PC12)

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

otherwise.
Must be kept at reset value

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 NJTRST

010: JTAG-DP Disabled and SW-DP Enabled
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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.It configures the Ethernet MAC internally for
use with an external Mil or RMII PHY.
0:Configure Ethernet MAC for connection with an MIl PHY
1:Configure Ethernet MAC for connection with an RMII PHY
Note: This bit is available only in connectivity line devices and is reserved

otherwise.

22 CAN1_REMAP CANL1 I/O remapping
This bit is set and cleared by software.It controls the CAN1_TX and CAN1_RX
pins
0: 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 I/O 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 PDO01_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

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

TIMER3_REMAP

TIMER2_REMAP
[1:0]

TIMER1_REMAP
[1:0]

TIMERO_REMAP
[1:0]

01: Not used
10: Partial remap (CANO_RX/PB8,CANO_TX/PB9)
11: Full remap (CANO_RX/PD0,CANO_TX/PD1)

TIMERS3 remapping

This bit is set and cleared by software.

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

1: Full remap (TIMER3_CHO/PD12,TIMER3_CH1/PD13,
TIMER3_CHZ2/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_CHO/PB4,TIMER2_CH1/PB5,
TIMER2_CH2/PBO,TIMER2_CH3/PB1)

11: Full remap (TIMER2_CHO/PC6,TIMER2_CH1/PC7,TIMER2_CH2/PCS8,
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/PA1,
TIMER1_CHZ2/PB10,TIMER1_CH3/PB11)

11: Full remap (TIMER1_CHO-TIMER1_ETI/PA15,TIMER1_CH1/PB3,
TIMER1_CHZ2/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_BKIN/PB12,
TIMERO_CHO_ON/PB13, TIMERO_CH1_ON/PB14, TIMERO_CH2_ON/PB15)
01: Partial remap (TIMERO_ETI/PA12, TIMERO_CHO/ PAS,
TIMERO_CH1/PA9,TIMERO_CH2/PA10,TIMERO_CH3/PA11, TIMERO_BKIN/PAG,
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_BKIN/PE15, TIMERO_CHO_ON/PES8, TIMERO_CH1_ON/PE10,
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5:4

7.5.10.

31

30

USART2_REMAP

USART1_REMAP

USARTO_REMAP

12C0_REMAP

SPI0_REMAP

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/PAOQ, 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)

USARTO remapping

This bit is set and cleared by software

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

12C0 remapping

This bit is set and cleared by software

0: No remap (12C0_SCL/PB6, 12C0_SDA /PB7)
1: Remap (I12C0_SCL/PB8, I12C0_SDA /PB9)

SPIO remapping

This bit is set and cleared by software

0: No remap (SPI0_NSS/PA4, SPI0_SCK /PA5, SPI0O_MISO /PA6, SPI0_MOSI
/PA7, SPI0_IO2 /PA2, SPIO_IO3 /PA3)

1: Remap (SPIO_NSS/PA15, SPI0_SCK /PB3, SPI0O_MISO /PB4, SPI0_MOSI
/PB5, SPI0_IO2 /PB6, SPI0_IO3 /PB7)

EXTI sources selection register 0 (AFIO_EXTISSO0)

Address offset: 0x08
Reset value: 0x0000 0000

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

26 25 24 23 22 21 20 19 18 17 16

Reserved

182



<

GigaDevice

GD32F10x User Manual

15

14 13 12

11

10

9

6 5

2 1

EXTI3_SS [3:0]

EXTI2_SS [3:0]

EXTI1_SS [3:0]

EXTIO_SS [3:0]

Bits

w

Fields

w

Descriptions

A

w

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:
0001
0010:
0011:
0100:
0101:
0110:

PA3 pin

: PB3 pin

PC3 pin
PD3 pin
PE3 pin
PF3 pin
PG3 pin

Other configurations are reserved.

EXTI 2 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA2 pin
PB2 pin
PC2 pin
PD2 pin
PE2 pin
PF2 pin
PG2 pin

Other configurations are reserved.

EXTI 1 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA1 pin
PB1 pin
PC1 pin
PD1 pin
PE1 pin
PF1 pin
PG1 pin

Other configurations are reserved.

EXTI 0 sources selection

0000:
0001:
0010:
0011:
0100:
0101:

PAO pin
PBO pin
PCO pin
PDO pin
PEO pin
PFO pin
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0110: PGO pin
Other configurations are reserved.

7.5.11. EXTI sources selection register 1 (AFIO_EXTISS1)

Address offset: 0x0C
Reset value: 0x0000 0000

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

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

‘ Reserved

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

‘ EXTI7_SS [3:0] EXTI6_SS [3:0] EXTI5_SS [3:0] EXTI4_SS [3:0]

w A I\ w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:12 EXTI7_SS [3:0] EXTI 7 sources selection
0000: PA7 pin
0001: PB7 pin
0010: PC7 pin
0011: PD7 pin
0100: PE7 pin
0101: PF7 pin
0110: PG7 pin
Other configurations are reserved.

11:8 EXTI6_SS [3:0] EXTI 6 sources selection
0000: PAG6 pin
0001: PB6 pin
0010: PC6 pin
0011: PD6 pin
0100: PES6 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
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3.0

7.5.12.

31

0100:
0101:
0110:

PES pin
PF5 pin
PG5 pin

Other configurations are reserved.

EXTI4_SS [3:0] EXTI 4 sources selection

0000:

0001

PA4 pin

: PB4 pin
0010:
0011:
0100:
0101:
0110:

PC4 pin
PD4 pin
PE4 pin
PF4 pin
PG4 pin

Other configurations are reserved.

EXTI sources selection register 2 (AFIO_EXTISS2)

Address offset: 0x10

Reset value: 0x0000 0000

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

30 29 28 27 26

25 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

EXTI11_SS [3:0] EXTI10_SS [3:0] EXTI9_SS [3:0]

EXTI8_SS [3:0]

Bits

rw

w w

Fields Descriptions

w

31:16

15:12

11:8

Reserved Must be kept at reset value

EXTI11_SS [3:0] EXTI 11 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA11 pin
PB11 pin
PC11 pin
PD11 pin
PE11 pin
PF11 pin
PG11 pin

Other configurations are reserved.

EXTI10_SS [3:0] EXTI 10 sources selection

0000:
0001:

PA10 pin
PB10 pin
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7:4

3.0

7.5.13.

31

EXTI9_SS [3:0]

EXTI8_SS [3:0]

0010: PC10 pin
0011: PD10 pin
0100: PE10 pin
0101: PF10 pin
0110: PG10 pin
Other configurations are reserved.

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.

EXTI 8 sources selection
0000: PA8 pin
0001: PB8 pin
0010: PC8 pin
0011: PD8 pin
0100: PE8 pin
0101: PF8 pin
0110: PGS8 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 16

Reserved

15

14 13 12 11

10 9 8 7 6

5 4 3 2 1 0

EXTI15_SS [3:0]

EXTI14_SS [3:0]

EXTI13_SS [3:0]

EXTI12_SS [3:0]

Bits

w

Fields

A

Descriptions

I\ w

31:16

15:12

Reserved

EXTI15_SS [3:0]

Must be kept at reset value

EXTI 15 sources selection
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11:8

74

3.0

7.5.14.

0000:
0001:
0010:
0011:
0100:
0101:
0110:

Other configurations are reserved.

EXTI14_SS [3:0] EXTI 14 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:
Other configurations are reserved.

EXTI13_SS [3:0] EXTI 13 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:

Other configurations are reserved.

EXTI12_SS [3:0] EXTI 12 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:
Other configurations are reserved.

PA15 pin
PB15 pin
PC15 pin
PD15 pin
PE15 pin
PF15 pin
PG15 pin

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

PA13 pin
PB13 pin
PC13 pin
PD13 pin
PE13 pin
PF13 pin
PG13 pin

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

AFIO port configuration register 1 (AFIO_PCF1)

Address offset: 0x1C

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 18 17 16
15 14 13 12 11 10 9 8 7 6 5 2 1 0
EXMC_N| TIMER13_ | TIMER12_ |TIMER10|TIMER9_|TIMERS_
Reserved Reserved
ADV REMAP REMAP |_REMAP | REMAP | REMAP
w w w w w w

Bits Fields Descriptions

31:11 Reserved Must be kept at reset value

10 EXMC_NADV EXMC_NADYV connect/disconnect
This bit is set and cleared by software, it controls the use of optional EXMC_NADV
signal.
0: The NADV signal is connected to the output(default)
1: The NADV signal is not connected. The I/O pin can be used by another
peripheral.

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 (PA6)
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 and TIMER8_CH1 alternate function onto the GPIO ports
0: No remap (TIMER8_CHO on PA2 and TIMER8_CH1 on PA3)
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1: Remap (PF6) (TIMER8_CHO on PE5 and TIMER8_CHL1 on PE6)

4:0 Reserved Must be kept at reset value
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8. CRC calculation unit (CRC)
8.1. 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 calculation unit can be used to calculate 32 bit CRC code with fixed polynomial.

8.2. 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+X16+X12+Xll+X10+X8+X7+X5+X4+X2+X+1

This 32-bit CRC polynomial is a common polynomial used in Ethernet.
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Figure 8-1. Block diagram of CRC calculation unit

Data Input

- — Input Data Register (32 bit)

!

CRC Calculation Unit
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BUS
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Data Output

< < Output Data Register (32 bit)

Data Access

<:’> <:> Free Purpose Register (8 bit)

8.3. Function overview

B CRC calculation 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.

CRC calculation will spend 4 AHB clock cycles for 32-bit data size, during this period
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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8.4. Register definition
8.4.1. Data register (CRC_DATA)

Address offset: 0x00
Reset value: OXFFFF 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.

8.4.2. Free data register (CRC_FDATA)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

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

2

Bits Fields Descriptions
31:8 Reserved Keep at reset value
7:0 FDATA [7:0] Free Data Register bits

Software writes and reads.

These bits are unrelated with CRC calculation. This byte can be used for any goal
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by any other peripheral. The CRC_CTL register will take no effect to the byte.
8.4.3. 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 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | RST |
rs
Bits Fields Descriptions
311 Reserved Keep at reset value
0 RST Set this bit can reset the CRC_DATA register to the value of OXFFFFFFFF then
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9.

9.1.

9.2.

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 DMAL). 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™-M3 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 DMAL).

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.

Note: Only HD, XD and CL devices have DMA1 controller.
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9.3. Block diagram

Figure 9-1. Block diagram of DMA
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As shown in Figure 9-1. Block diagram of DMA, a DMA controller consists of four main parts:

- DMA configuration through AHB slave interface

- Data transmission through two AHB master interfaces for memory access and peripheral
access

- An arbiter inside to manage multiple peripheral requests coming at the same time

- Channel management to control address/data selection and data counting

94. Function overview

9.4.1. 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_CHXCTL 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
9-1. DMA transfer operation.
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Table 9-1. DMA transfer operation
Transfer size Transfer operations
Source Destination Source Destination
32 bits 32 bits 1: Read B3B2B1B0[31:0] @0x0 |1: Write B3B2B1B0[31:0] @0x0
2: Read B7B6B5B4[31:0] @0x4  |2: Write B7B6B5B4[31:0] @0x4
3: Read BBBAB9B8[31:0] @0x8 |3: Write BBBABI9B8[31:0] @0x8
4: Read BFBEBDBCJ[31:0] @0xC |4: Write BFBEBDBC[31:0] @0xC
32 bits 16 bits 1: Read B3B2B1B0[31:0] @0x0  |1: Write B1BO[7:0] @0x0
2: Read B7B6B5B4[31:0] @0x4  |2: Write B5B4[7:0] @0x2
3: Read BBBAB9BS8[31:0] @0x8 |3: Write B9B8[7:0] @0x4
4: Read BFBEBDBCJ[31:0] @0xC |4: Write BDBCJ[7:0] @0x6
32 bits 3 bits 1: Read B3B2B1B0[31:0] @0x0  |1: Write BO[7:0] @0x0
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 BFBEBDBCJ[31:0] @0xC |4: Write BC[7:0] @0x3
16 bits 32 bits 1: Read B1B0[15:0] @0x0 1: Write 0000B1B0[31:0] @0x0
2: Read B3B2[15:0] @0x2 2: Write 0000B3B2[31:0] @Ox4
3: Read B5B4[15:0] @0x4 3: Write 0000B5B4[31:0] @0x8
4: Read B7B6[15:0] @0x6 4: Write 0000B7B6[31:0] @0xC
16 bits 16 bits 1: Read B1B0[15:0] @0x0 1: Write B1B0[15:0] @0x0
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
16 bits 8 hits 1: Read B1B0[15:0] @0x0 1: Write BO[7:0] @0x0
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
8 bits 32 bits 1: Read B0[7:0] @0x0 1: Write 000000B0[31:0] @0x0
2: Read B1[7:0] @0x1 2: Write 000000B1[31:0] @Ox4
3: Read B2[7:0] @0x2 3: Write 000000B2[31:0] @0x8
4: Read B3[7:0] @0x3 4: Write 000000B3[31:0] @0xC
8 bits 16 bits 1: Read B0[7:0] @0x0 1, Write 00BO[15:0] @0x0
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
8 bits 8 bits 1: Read B0[7:0] @0x0 1, Write BO[7:0] @0x0
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.

® |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.

m 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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9.4.2.

9.4.3.

9.4.4.

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:

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

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

Figure 9-2. Handshake mechanism shows how the handshake mechanism works between
the DMA controller and peripherals.

Figure 9-2. 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 / / -
~~ " 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 y: ’
Acknowledge \T/ / ><<Q\MA acknowledgex/

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:

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

- 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_CHXCTL register are used to configure the next address generation algorithm of
peripheral and memory.
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9.4.5.

9.4.6.

9.4.7.

In the fixed mode, the next address is always equal to the base address configured in the
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_CHXCTL register to enable/disable the circular mode.
4. Configure the PRIO bits in the DMA_CHXCTL 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.
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9.4.8.

9.4.9.

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,
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 9-2. interrupt events.

Table 9-2. 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 9-3. DMA interrupt logic, an interrupt can be
produced when any type of interrupt event occurs and enabled on the channel.

Figure 9-3. DMA interrupt logic

FTFIFX—>]

FTFIEX—>

HTFIFx >

or CHXINTF——>

HTFIEX—>|

&) 3
-] >
o o

ERRIFX—>

and

ERRIEx—>
Note: “x” indicates channel number (for DMAQ, x=0...6. for DMA1, x=0...4).

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 Figure 9-4. DMAOQO request

mapping and Figure 9-5. 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 9-3. DMAO requests for each channel lists the support request from peripheral for

each channel of DMAO, and Table 9-4. DMA1 requests for each channel lists the support
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request from peripheral for each channel of DMAL.

Figure 9-4. DMAO request mapping
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Table 9-3. DMAO requests for each channel

Peripherall Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6
TIMERO_CH3
TIMERO ° TIMERO_CHO|TIMERO_CH1| TIMERO_TG | TIMERO_UP |TIMERO_CH2 )
TIMERO_CMT
TIMER1_CH1
TIMER1 |TIMER1_CH2| TIMER1_UP ° ° TIMER1_CHO °
TIMER1_CH3
TIMER2 o TIMER2_CH2|TIMER2_CH3 o o TIMER2_CHO o
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Peripherall Channel O Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6
TIMER2_UP TIMER2_TG
TIMER3 |TIMER3_CHO ° ° TIMER3_CH1|TIMER3_CH2 ° TIMER3_UP
ADCO ADCO . . ° ° ° °
SPI/12S o SPI0_RX SPI0O_TX [SPI1/I2S1_RX|SPI1/12S1_TX o o
USART ° USART2_TX | USART2_RX | USARTO_TX | USARTO_RX | USART1_RX | USART1_TX
12C o o o I2C1_TX 12C1_RX 12C0_TX 12C0_RX
Figure 9-5. DMAL1 request mapping
Hardware
priority SPI2/12S2_RX
TIMER4_CH3
. TIMER4_TG
high Channel 0 or or TIMER7_CH2
TIMER7_UP
MEMTOMEMO— -
SPI2/12S2_TX
TIMER4_CH2
or TIMER4_UP
TIMER7_CH3
Channel 1 or TIMERT TG
MEMTOMEM1— TIMER7_CMT
UART3_RX
or TIMER5_UP
DAC_CHO
Ehannel 2 or TIMER7_CHO
MEMTOMEM2—
SDIO
or TIMER4_CH1
TIMER6_UP
Channel 3 or DAC GHL
MEMTOMEM3—
ADC2
/ / or UART3_TX
TIMER4_CHO
v Channel 4 or TIMER7 GH1
low MEMTOMEM4—
Table 9-4. DMA1 requests for each channel
Peripheral | Channel O Channel 1 Channel 2 Channel 3 Channel 4
TIMER4_CH3 | TIMER4_CH2
TIMER4 ° TIMER4_CH1 | TIMER4_CHO
TIMER4_TG | TIMER4_UP
TIMERS . . TIMERS_UP ° °
TIMERG6 . ° ° TIMER6_UP °
TIMER7_CH3
TIMER7_CH2
TIMER7 TIMER7_TG |TIMER7_CHO . TIMER7_CH1
TIMER7_UP
TIMER7_CMT
ADC2 . . ° . ADC2
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Peripheral | Channel O Channel 1 Channel 2 Channel 3 Channel 4
DAC . . DAC_CHO DAC_CH1 .
SPI/I2S |SPI2/12S2_RX|SPI2/12S2_TX ° ° °

USART ° ° UART3_RX ° UART3_TX
SDIO ° ° o SDIO °
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9.5. Register definition

Note: For DMA1 having 5 channels, all bits related to channel 5 and channel 6 in the following
registers are not suitable for DMAL.

9.5.1. 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 ‘ HTFIFS ‘ FTFIF5 | GIF5 ‘ ERRIF4 | HTFIF4 ‘ FTFIF4 ‘ GIF4 |
r r r r r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ ERRIF3 ‘ HTFIF3 ‘ FTFIF3 ‘ GIF3 ‘ ERRIF2 ‘ HTFIF2 ‘ FTFIF2 ‘ GIF2 ‘ ERRIF1 ‘ HTFIF1 ‘ FTFIF1 ’ GIF1 ‘ ERRIFO ’ HTFIFO ‘ FTFIFO ‘ GIF0 |

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

Bits Fields Descriptions

31:28 Reserved Keep 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

25/21/17/ 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

9.5.2. Interrupt flag clear register (DMA_INTC)
Address offset: 0x04

Reset value: 0x0000 0000
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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 ‘ERRIFCA.‘ HTFIFC4 ‘ FTFIFC4 ‘ GIFC4 |
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

‘ERRIFCSI HTFIFC3 | FTFIFC3 ‘ GIFC3 IERRIFCZ‘ HTFIC2 ‘ FTFIFC2 | GIFC2 IERRIFCII HTFIFC1 ‘ FTFIFC1 | GIFC1 ‘ERRIFCOI 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 Keep 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

9.5.3. 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 11 10 9 8 7 6 5 4 3 2 1 0
Reserved M2M ‘ PRIO[1:0] MWIDTHI[1:0] PWIDTH[1:0] ‘ MNAGA ‘ PNAGA ‘ CMEN ‘ DIR ‘ ERRIE ‘ HTFIE ‘ FTFIE ‘ CHEN |
w w rw rw rw w rw w rw w rw w
Bits Fields Descriptions
31:15 Reserved Keep at reset value
14 M2M Memory to Memory Mode

Software set and cleared
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13:12

11:10

9:8

PRIO[1:0]

MWIDTH[1:0]

PWIDTH[1:0]

MNAGA

PNAGA

CMEN

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-hit

01: 16-bit

10: 32-hit

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°.

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°.
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4

9.5.4.

31 30

DIR

ERRIE

HTFIE

FTFIE

CHEN

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: OxOC + 0x14 x x
Reset value: 0x0000 0000

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

CNT[15:0]

Bits

Fields

w

Descriptions

31:16

15:0

Reserved

CNT[15:0]

Keep at reset value

Transfer counter

These bits can not be written when CHEN in the DMA_CHXCTL register is ‘1°.
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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.

9.5.5. 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

Note: Do not configure this register when channel is enabled.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PADDR[31:16]
w
15 14 13 12 11 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_CHXxCTL 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.

9.5.6. 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

Note: Do not configure this register when channel is enabled.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ MADDR[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ MADDR[15:0]
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Bits Fields Descriptions
31.0 MADDRJ[31:0] Memory base address

These bits can not be written when CHEN in the DMA_CHXCTL 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-hit), the two LSBs of these
bits are ignored. Access is automatically aligned to a word address.
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10. Debug (DBG)
10.1. Overview
The GD32F10x 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-M3. 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-M3 Technical Reference Manual
®  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.
10.2. JTAG/SW function overview
Debug capabilities can be accessed by a debug tool via Serial Wire (SW - Debug Port) or
JTAG interface (JTAG - Debug Port).
10.2.1. 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 (OXE79E LSB first).
B Send 50 or more TCK cycles with TMS = 1.
The sequence for switching from SWD to JTAG is:
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.
10.2.2. 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
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10.2.3.

10.2.4.

10.2.5.

10.3.

10.3.1.

enabled.

The pin assignment are:

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 GPIO pin configuration.

JTAG daisy chained structure

The Cortex-M3 JTAG TAP is connected to a Boundary-Scan (BSD) JTAG TAP. The BSD
JTAG IR is 5-bit width, while the Cortec-M3 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-M3 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.

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-M3, 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.

JEDEC-106 ID code

The Cortex-M3 integrates JEDEC-106 ID code, which is located in ROM table and mapped
on the address of OXEOOFF000_OXEOOFFFFF.

Debug hold function overview

Debug support for power saving mode

When STB_HOLD bit in DBG control register (DBG_CTL) 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
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generated.

When DSLP_HOLD bit in DBG control register (DBG_CTL) is set and entering the Deep-
sleep mode, the clock of AHB bus and system clock are provided by CK_IRC8M, and the
debugger can debug in Deep-sleep mode.

When SLP_HOLD bit in DBG control register (DBG_CTL) 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.

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

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

For TIMER, the timer counters stopped and hold for debug.
For I12C, 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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10.4. Register definition
10.4.1. 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
10.4.2. Control register (DBG_CTL)
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_ | TIMERS8_ | TIMER13 | TIMER12 | TIMER11 CAN1_H | TIMER6_ | TIMERS_ | TIMER4_ [ TIMER7_ [ 12C1_HO
Reserved. Reserved
_HOLD HOLD HOLD _HOLD _HOLD | _HOLD OLD HOLD HOLD HOLD HOLD LD
w w w w w w w 12 w 2 w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
12CO_HO | CANO_H | TIMER3_ | TIMER2_ | TIMER1_ | TIMERO_ [WWDGT_ | FWDGT_ TRACE TRACE STB_ DSLP_ SLP_
Ri d
LD OLD HOLD HOLD HOLD HOLD HOLD HOLD _MODE _IOEN seeme HOLD HOLD HOLD
rw w w rw w w rw 1\ 1\ rw rw 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

This bit is set and reset by software
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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

TIMERG6_HOLD

TIMERS5_HOLD

TIMER4_HOLD

TIMER7_HOLD

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

TIMERG hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMERG counter for debug when core halted

TIMERS hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMERS counter for debug when core halted

TIMERA4 hold bit

This bit is set and reset by software

0: no effect

1: hold the TIMER4 counter for debug when core halted

TIMER7Y 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

12C1_HOLD

12CO_HOLD

CANO_HOLD

TIMER3_HOLD

TIMER2_HOLD

TIMER1_HOLD

TIMERO_HOLD

WWDGT_HOLD

FWDGT_HOLD

TRACE_MODE[1:0]

1: hold the TIMER7 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

Trace pin allocation mode
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5 TRACE_IOEN

4:3 Reserved

2 STB_HOLD

1 DSLP_HOLD

0 SLP_HOLD

This bit is set and reset by software

00: Trace pin used in asynchronous mode

01: Trace pin used in synchronous mode and the data length is 1
10: Trace pin used in synchronous mode and the data length is 2
11: Trace pin used in synchronous mode and the data length is 4

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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11.

11.1.

11.2.

Analog-to-digital converter (ADC)

Overview

The 12-bit ADC is an analog-to-digital converter using the successive approximation method.
It has 18 multiplexed channels making the ADC convert analog signals from 16 external
channels, and 2 internal channels. The analog watchdog allows the application to detect
whether the input voltage goes outside the user-defined higher or lower thresholds. The
analog signals of the channels can be converted by the ADC in single, continuous, scan or
discontinuous mode. A left-aligned or right-aligned 16-bit data register holds the output of the
ADC.

Characteristics

B High performance
—12-bit
—ADC sampling rate: 1 MSPs for 12-bit resolution
— Self-calibration
—Programmable sampling time
—Data alignment with built-in data coherency
—DMA support

B Analog input channels
— 16 external analog inputs
—1 channel for internal temperature sensor (Vsense)
—1 channel for internal reference voltage (VrerinT)

B Start-of-conversion can be initiated
— By software
—BYy hardware triggers

B Conversion modes
— Converts a single channel or scans a sequence of channels.
—Single mode converts selected inputs once per trigger.
—Continuous mode converts selected inputs continuously
—Discontinuous mode
—SYNC mode(the device with two or more ADCSs)

B Analog watchdog

B Interrupt generation:
—at the end of regular and inserted group conversions
—analog watchdog event
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B ADC supply requirements: 2.6V to 3.6V, and typical power supply voltage is 3.3V

B ADC input range: VrRern SVIN SVRerp

11.3. Pins and internal signals

Figure 11-1. ADC module block diagram shows the ADC block diagram and Table 11-2.
ADC pins definition gives the ADC pin description.

Table 11-1. ADC internal signals

Internal signal name Signal type Description
VSENSE Input Internal temperature sensor output voltage
VREFINT Input Internal voltage reference output voltage

Table 11-2. ADC pins definition

Name Signal type Remarks
Voos Input, analog power Analog power supply equal to Vpp and
supply 26V <Vppps3.6V
Veer Input, analog power | Ground for analog power supply equal to
supply ground Vss

Ve Input, analog The positive reference voltage for the
reference positive ADC, 2.6 V < Vrerp < Vbpa

Ve Input, analog The negative reference voltage for the
reference negative ADC,VRrerN = Vssa

ADCx_IN[15:0] | Input, Analog signals Up to 16 external channels

Note: The ADC_IN[15:0] should set as Analog Input mode.
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11.4. Functional overview
Figure 11-1. ADC module block diagram
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11.4.1. Calibration (CLB)

The ADC has a foreground calibration feature. During the 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
software 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_CTL1 register.

Calibration software procedure:
1. Ensure that ADCON=1.
218



<

GigaDevice GD32F10x User Manual
2. Delay 14 ADCCLK to wait for ADC stability.
3. Set RSTCLB (optional).
4. Set CLB=1.
5.  Wait until CLB=0.
11.4.2. ADC clock

11.4.3.

11.4.4.

11.4.5.

The ADCCLK clock provided by the clock controller is synchronous with the AHB and APB2
clock. The maximum frequency is 14MHz. The RCU controller has a dedicated programmable
prescaler for the ADC clock.

ADCON switch

The ADCON bit on the ADC_CTL1 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-down mode.

Note: Delay no less than 20us should be added when set the ADCON.

Regular and inserted channel groups

The ADC supports 18 multiplexed channels and organizes the conversion results into two
groups: a regular channel group and an inserted channel group.

In the regular group, a sequence of up to 16 conversions can be organized in a specific
sequence. The ADC_RSQO~ADC_RSQ?2 registers specify the selected channels of the
regular group. The RL[3:0] bits in the ADC_RSQO register specify the total conversion
sequence length.

In the inserted group, a sequence of up to 4 conversions can be organized in a specific
sequence. The ADC_ISQ register specify the selected channels of the inserted group. The
IL[1:0] bits in the ADC_ISQ register specify the total conversion sequence length.

Note: If the regular group and inserted group both are used, the inserted group is advised not
to use the sample time of 1.5 or 7.5.

Conversion modes

Single conversion mode

This mode can be running on both regular and inserted channel group. In the single
conversion mode, the ADC performs conversion on the channel specified in the RSQO0[4:0]
bits of ADC_RSQ2 at a regular trigger or the channel specified in the 1SQ3[4:0] bits of
ADC_ISQ. 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.
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Figure 11-2. Single conversion mode
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After conversion of a single regular 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.

After conversion of a single inserted channel, the conversion data will be stored in the
ADC_IDATAO register, the EOC and EOIC will be set. An interrupt will be generated if the
EOCIE or EOICIE bit is set.

Software procedure for a single conversion of a regular channel:

1. Make sure the DISRC, SM in the ADC_CTLO register and CTN bit in the ADC_CTL1
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 regular group

Wait the EOC flag to be set

Read the converted in the ADC_RDATA register

Clear the EOC flag by writing 0 to it

© N o gk w DN

Software procedure for a single conversion of an inserted channel:

Make sure the DISIC, SM in the ADC_CTLO register are reset

Configure 1SQ3 with the analog channel number

Configure ADC_SAMPTX register

Configure ETEIC and ETSIC bits in the ADC_CTL1 register if in need
Set the SWICST bit, or generate an external trigger for the inserted group
Wait the EOC/EOIC flags to be set

Read the converted in the ADC_IDATAQO register

Clear the EOC/EOIC flags by writing O to them

© N o gk~ wdhE

Continuous conversion mode

This mode can be run on the regular channel group. The continuous conversion 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.
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Figure 11-3. Continuous conversion mode
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Software procedure for continuous conversion on a regular channel:

Set the CTN 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
Set the SWRCST bit, or generate an external trigger for the regular group
Wait the EOC flag to be set

Read the converted in the ADC_RDATA register

Clear the EOC flag by writing O to it

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

© ® N gD R

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
Prepare the DMA module to transfer data from the ADC_RDATA.

Set the SWRCST bit, or generate an external trigger for the regular group

o 0 M~ wDhE

Scan conversion mode

The scan conversion mode will be enabled when SM bit in the ADC_CTLO register is set. In
this mode, the ADC performs conversion on the channels with a specific sequence specified
in the ADC_RSQO0~ADC_RSQ?2 registers or ADC_1SQ register. When the ADCON has been
set high, the ADC samples and converts specified channels one by one in the regular or
inserted group till the end of the regular or inserted group, once the corresponding software
trigger or external trigger is active. The conversion data will be stored in the ADC_RDATA or
ADC_IDATAX register. After conversion of the regular or inserted channel group, the EOC or
EOIC will be set. An interrupt will be generated if the EOCIE or EOICIE bit is set. The DMA
bit in ADC_CTL1 register must be set when the regular channel group works in scan mode.

After conversion of a regular channel group, the conversion can be restarted automatically if
the CTN bit in the ADC_CTL1 register is set.
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Figure 11-4. Scan conversion mode, continuous disable
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Regular |_|
trigger
EOC |_|

One circle of regular group, RL=7- )ll

—_—

| |CH9| |CHlO| |CH8| |CH6| | |CH9| |CH10|
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Software procedure for scan conversion on a regular channel group:

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 regular group

Wait the EOC flag to be set

Clear the EOC flag by writing O to it

EQIC

N o ok~ odE

Software procedure for scan conversion on an inserted channel group:

Set the SM bit in the ADC_CTLO register

Configure ADC_ISQ and ADC_SAMPTX registers

Configure ETEIC and ETSIC bits in the ADC_CTL1 register if in need
Set the SWICST bit, or generate an external trigger for the inserted group
Wait the EOC/EOIC flags to be set

Read the converted in the ADC_IDATAX register

Clear the EOC/EOIC flag by writing O to them

N o ok~ ow b

Figure 11-5. Scan conversion mode, continuous enable
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Regular
trigger
Eoc 1 1
FOne circle of regular group, RL:4H

Discontinuous mode

For regular channel group, the discontinuous conversion 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
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conversions (n<=8) which is a part of the sequence of conversions selected in the
ADC_RSQO0~ADC_RSQ?2 registers. The value of n is defined 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 coverts the next n channels selected in the ADC_RSQO0~ADC_RSQ2
registers until all the channels in the regular sequence are done. The EOC will be set after
every circle of the regular channel group. An interrupt will be generated if the EOCIE bit is set.

For inserted channel group, the discontinuous conversion mode will be enabled when DISIC
bit in the ADC_CTLO register is set. In this mode, the ADC performs one conversion which is
a part of the sequence of conversions selected in the ADC_ISQ register. When the
corresponding software trigger or external trigger is active, the ADC samples and coverts the
next channel selected in the ADC_I1SQ register until all the channels in the inserted sequence
are done. The EOIC will be set after every circle of the inserted channel group. An interrupt
will be generated if the EOICIE bit is set.

The regular and inserted groups cannot both work in discontinuous conversion mode. Only
one group conversion can be set in discontinuous conversion mode at a time.

Figure 11-6. Discontinuous conversion mode

| |CH2| |CH1| |CH5| | |CH7| |CH11| |CH16| | |CH12| |CH17| | |CH2| |CH1| |CH5|---
Regular J |'| |'| |'|
trigger
EOC H

%One circle of regular group, RL=7, DISNUM:ZH

| |CH9| | |CH10| | |CH8| | |CH9| | |CH10|---

‘rege 1 1 1 1
I:I Convert
1

}%One circle of inserted group, IL=H

Software procedure for discontinuous conversion on a regular channel group:
1. Setthe DISRC bit in the ADC_CTLO register and the DMA bit in the ADC_CTL1 register

EQIC

2. Configure DISNUM[2:0] bits in the ADC_CTLO register

3. Configure ADC_RSQx and ADC_SAMPTX 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 regular group

7. Repeat stepé6 if in need.

8. Wait the EOC flag to be set

9. Clear the EOC flag by writing O to it

Software procedure for discontinuous conversion on an inserted channel group:
1. Setthe DISIC bit in the ADC_CTLO register

2. Configure ADC_ISQ and ADC_SAMPTX registers
223



<

GigaDevice

GD32F10x User Manual

11.4.6.

Configure ETEIC and ETSIC bits in the ADC_CTL1 register if in need
Set the SWICST bit, or generate an external trigger for the inserted group
Repeat step4 if in need

Wait the EOC/EOIC flags to be set

Read the converted in the ADC_IDATAX register

Clear the EOC/EOIC flag by writing O to them

© N o ok~ w

Inserted channel management

Auto-insertion

The inserted group channels are automatically converted after the regular group channels
when the ICA bit in ADC_CTLO register is set. In this mode, external trigger on inserted
channels cannot be enabled. A sequence of up to 20 conversions programmed in the
ADC_RSQO~ADC_RSQ2 and ADC_ISQ registers can be used to convert in this mode. In
addition to the ICA bit, if the CTN bit is also set, regular channels followed by inserted
channels are continuously converted.

Figure 11-7. Auto-insertion, CTN =1
Regular

oo L cro [ [cm[fee[lcmffeu|  [Jono]]om]
Inserted l CH15
group
[ e
EOC |_| |_|

I:I Convert
EOIC

The auto insertion mode cannot be enabled when the discontinuous conversion mode is set.

Triggered insertion

If the ICA bit is cleared, the triggered insertion occurs if a software or external trigger occurs
during the regular group channel conversion. In this situation, the ADC aborts from the current
conversion and starts the conversion of inserted channel sequence. After the inserted channel
group is done, the regular group channel conversion is resumed from the last aborted
conversion.

Figure 11-8. Triggered insertion

Regular
group

Soun JES IES
group
Inserted I_I I_I
trigger
| l |
I:I Convert
EOIC

||CHO||CH1| ||CH1||CH2||CH3| ||CH3||CH4|
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11.4.7.

11.4.8.

11.4.9.

Analog watchdog

The analog watchdog is enabled when the RWDEN and IWDEN bits in the ADC_CTLO
register are set for regular and inserted channel groups respectively. When the analog voltage
converted by the ADC is below a low threshold or above a high threshold, 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 value is independent of the
alignment, which is specified by the DAL bit in the ADC_CTL1 register. One or more channels,
which are select by the RWDEN, IWDEN, WDSC and WDCHSEL[4:0] bits in ADC_CTLO
register, can be monitored by the analog watchdog.

Data alignment

The alignment of data stored after conversion can be specified by DAL bit in the ADC_CTL1
register.

After being decreased by the user-defined offset written in the ADC_IOFFx registers, the
inserted group data value may be a negative value. The sign value is extended.

Figure 11-9. 12-bit Data alignment

Regular group data
| 0 | 0 | 0 | 0 |D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|D0|

Inserted group data
|Sign|Sign|Sign|Sign|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO|

DAL=0
Regular group data
|D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|D0| 0 | 0 | 0 | O|

Inserted group data
|Sign|D11|D10|D9|D8|D7|D6|D5|D4|D3|D2|D1|DO| 0 | 0 | 0|

DAL=1

Programmable sample time

The number of ADCCLK 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 conversion time is
“sampling time + 12.5” ADCCLK cycles.

Example:

ADCCLK = 14MHz and sample time is 1.5 cycles, the total conversion time is “1.5+12.5”
ADCCLK cycles, that means 1.0us.
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11.4.10.

Note: Reducing the sample clock and increasing the sample time can get a more stable

sampled data. When the hardware is used, the input impedance outside need to be smaller.

External trigger

The conversion of regular or inserted group can be triggered by rising edge of external trigger
inputs. The external trigger source of regular channel group is controlled by the ETSRC[2:0]
bits in the ADC_CTL1 register, while the external trigger source of inserted channel group is
controlled by the ETSIC[2:0] bits in the ADC_CTLA1 register

ETSRC[2:0] and ETSIC[2:0] control bits are used to specify which out of 8 possible events
can trigger conversion for the regular and inserted groups.

Table 11-3. External trigger for regular channels for ADCO and ADC1

ETSRC[2:0] Trigger Source Trigger Type
000 TIMERO_CHO
001 TIMERO_CH1
010 TIMERO_CH2
L1 TIMERL_CHL Internal on-chip signal
100 TIMER2_TRGO
101 TIMER3_CH3
110 EXTI11/TIMER7_TRGO External signal
111 SWRCST Software trigger

Table 11-4. External trigger

for inserted channels for ADCO and ADC1

ETSIC[2:0] Trigger Source Trigger Type
000 TIMERO_TRGO
001 TIMERO_CH3
010 TIMER1_TRGO
L1 TIMERL_CHO Internal on-chip signal
100 TIMER2_CH3
101 TIMER3_TRGO
110 EXTI15/TIMER7_CH3 External signal
111 SWICST Software trigger

Table 11-5. External trigger

for regular channels for ADC2

ETSRCJ[2:0] Trigger Source Trigger Type

000 TIMER2_CHO

001 TIMER1_CH2

010 TIMERO_CH2

011 TIMER7_CHO Internal on-chip signal
100 TIMER7_TRGO

101 TIMER4_CHO

110 TIMER4_CH2

226




<

GigaDevice

GD32F10x User Manual

11.4.11.

11.4.12.

11.5.

‘ 111 SWRCST ‘ Software trigger

Table 11-6. External trigger for inserted channels for ADC2

ETSIC[2:0] Trigger Source Trigger Type

000 TIMERO_TRGO

001 TIMERO_CH3

010 TIMER3_CH2

011 TIMER7_CH1 Internal on-chip signal

100 TIMER7_CH3

101 TIMER4_TRGO

110 TIMER4_CH3

111 SWICST Software trigger
DMA request

The DMA request, which is enabled by the DMA bit of ADC_CTL1 register, is used to transfer
data of regular group for conversion of more than one channel. The ADC generates a DMA
request at the end of conversion of a regular 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.

Temperature sensor, and internal reference voltage VrerinT

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 17.1 ps. 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 process variation,
the internal temperature sensor is more suited for applications that 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. VrerinT is internally connected to the ADCO_CH17 input channel.

ADC sync mode

In devices with two ADC, ADC sync mode can be used.
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In ADC sync mode, the conversion starts alternately or simultaneously triggered by ADCO
master to ADC1 slave, according to the mode selected 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
slave ADC must be configured as triggered by the software in order to prevent false triggers
to start unwanted conversion. However, the external trigger must be enabled for ADC master
and ADC slave.

The following modes can be configured:

- Free mode

- Regular parallel mode

- Inserted parallel mode

- Follow-up fast mode

- Follow-up slow mode

- Trigger rotation mode

- Inserted parallel mode + regular parallel mode

- Regular parallel mode + trigger rotation mode

- Inserted parallel mode + follow-up fast mode

- Inserted parallel mode + follow-up slow mode

In ADC sync mode, the DMA bit must be set even if it is not used; the converted data of ADC
slave can be read from the master data register.

Figure 11-10. ADC sync block diagram

Regular Inserted data registers
channels (16 bits x4 )
— Inserted Regular data registers '\
channels (16 bits ) l/
- ADC1
(slave)
A
ADC_INO > P
Regular Inserted data registers B
ADC—lN_l GPIO > :(> channels :D (16 bits x4 )
T B
ADC_IN15| > U
VEESE > Inserted Regular data registers '\ S
™ channels (16 bits ) 11
VREF —
|| Syncl mode
EXTI11 [} — control
Regular —H =
trigger mux —
ADCO
EXTI15 [1 (master)
Inserted EE
triggermux ~ —-H
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11.5.1.

11.5.2.

11.5.8.

Free mode

In this mode, the ADC synchronization is bypassed, and each ADC works freely.

Regular parallel mode

This mode converts the regular channel simultaneously. The source of external trigger comes
from the regular group MUX of ADCO (selected by the ETSRC[2:0] bits in the ADC_CTL1
register). A simultaneous trigger is provided to ADC1.

At the end of conversion event on ADCO or ADC1 an EOC interrupt is generated (if enabled
on one of the two ADC interfaces) when the ADCO/ADC1 regular channels are all converted.
The behavior of regular parallel mode shows in the Figure 11-11. Reqular parallel mode on

16 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 upper half-word and the ADCO converted
data in the lower half-word) to SRAM.

Note:

1. Do not convert the same channel on the two ADCs (no overlapping sampling times for the
two ADCs when converting the same channel).

2. In parallel mode, exactly the same sampling time should be configured for the two channels
that will be sampled simultaneously by ACDO and ADC1.

Figure 11-11. Regular parallel mode on 16 channels

ADCO| |CHO| |CHl| |CH2| |CH3| | |CH14| |CH15| | |CHO| |CH1|

ADC1 | | CH4| | CH5| | CH6| | CH7| | | CH2| | CH3| | | CH4| | CH5|
Rggular |_| Sample
trigger
EOC (EOCM=0) |_| I:I Convert

Inserted parallel mode

This mode converts the inserted channel simultaneously. The source of external trigger
comes from the inserted group MUX of ADCO (selected by the ETSIC[2:0] bits in the
ADC_CTL1 register). A simultaneous trigger is provided to ADC1.

At the end of conversion event on ADCO or ADC1, an EOIC interrupt is generated (if enabled
on one of the two ADC interfaces). ADCO/ADC1 inserted channels are all converted, and the
converted data is stored in the ADC_IDATAX registers of each ADC interface. The behavior
of inserted parallel mode shows in the Figure 11-12. Inserted parallel mode on 4 channels.

Note:
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11.5.4.

1. Do not convert the same channel on the two ADCs (no overlapping sampling times for the
two ADCs when converting the same channel).

2. In parallel mode, exactly the same sampling time should be configured for the two channels
that will be sampled simultaneously by ADCO and ADC1.

Figure 11-12. Inserted parallel mode on 4 channels

ADCO||CHO||CH1||CH2||CH3| ||CHO||CH1|
ADC1||CH4||CH5||CH6||CH7| ||CH4||CH5|
Inserted |_| I:I Sample
trigger

EQIC |_| I:I Convert

Follow-up fast mode

This mode can be running on the regular channel group (usually one channel). The source of
external trigger comes from the regular channel MUX of ADCO (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 ADC1, the selected regular channels
of both ADCs are continuously converted. The behavior of follow-up fast mode shows in the
Figure 11-13. Follow-up fast mode on 1 channel in continuous conversion mode.

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 32-bit register containing the ADC1
converted data in the upper half word and the ADCO converted data in the lower half word.

Note: The maximum sampling time allowed is <7 ADCCLK cycles to avoid the overlap
between ADCO and ADC1 sampling phases in the event that they convert the same channel.

Figure 11-13. Follow-up fast mode on 1 channel in continuous conversion mode

7 ADCCLK cycles
il | .
-
ADCO | CH1 | | CH1 | | CH1 | | CH1 |
ADCL | CH1 | | CH1 | | CH1 | | CH1 |

Tﬁggéarr J—I I:I Sample
EOC(ADCO) |—| |—| |_| |—|
— T 0 10170 [Jcomer
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11.5.5.

11.5.6.

Follow-up slow mode

This mode can be running on the regular channel group (usually one channel). The source of
external trigger comes from the regular channel MUX of ADCO(selected by the ETSRC[2:0]
bits in the ADC_CTL1 register).When the trigger occurs, ADC1 runs immediately, ADCO runs
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 regular
channel. The behavior of follow-up slow mode shows in the Figure 11-14. Follow-up slow

mode on 1 channel.

After an EOC interrupt is generated by ADCO (if enabled through the EOCIE bit), we can use
a 32-bit DMA, which transfers to SRAM the ADC_RDATA 32-bit register containing the ADC1
converted data in the upper half-word and the ADCO converted data in the lower half-word.

Note:
1. The maximum sampling time allowed is <14 ADCCLK cycles to avoid the overlap between
ADCO and ADC1 sampling phases in the event that they convert the same channel.

2. For both the fast and follow-up slow mode, we must ensure that no external trigger for
inserted channel occurs.

Figure 11-14. Follow-up slow mode on 1 channel

14 ADCCLK 14 ADCCLK
cycles cycles

-l [y [
- Ll | Ll

ADCO | cHit ||| CH1 ||| CH1 ||| CH1 |

ADC1

| o |[] o |[] cm [[]| cm |

Tr?gg;elir J—I I:I Sample
EOC(ADCO) |—| |—| H H_
EOC(ADC1) j H |_| J

Trigger rotation mode

This mode can be running on the inserted channel group. The source of external trigger
comes from the inserted channel MUX of ADCO (selected by the ETSIC[2:0] bits in the
ADC_CTL1 register).

When the first trigger occurs, all the inserted channels of ADCO are converted. When the
second trigger occurs, all the inserted channels of ADC1 are converted. The behavior of
trigger rotation mode shows in the Figure 11-15. Trigger rotation: inserted channel group.

If the EOIC interrupt of ADCO and ADC1 are enabled, when all the channels of ADCO or ADC1
have been converted, the corresponded interrupt occurred.
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11.5.7.

If another external trigger occurs after all inserted group channels have been converted, the
trigger rotation process restarts by converting ADCO inserted group channels.

Figure 11-15. Trigger rotation: inserted channel group

Channel
ADCO | | woup

Channel
group

Channel
...... aroup

ADC1 Channel Channel Channel

group group group

peasce | N | O | O 1

camea__ [Nl
T

If the discontinuous mode is enabled for both ADCO and ADC1, when the first trigger occurs,

the first inserted channel in ADCO is converted. When the second trigger occurs, the first
inserted channel in ADC1 is converted. Then the second channel in ADCO, the second
channel in ADC1, and so on.

The behavior of trigger rotation discontinuous mode shows in the Figure 11-16. Trigger

rotation: inserted channels in discontinuous mode.

If the EOIC interrupt of ADCO and ADC1 are enabled. When all the channels of ADCO or
ADC1 have been converted, the corresponded interrupt occurred.

If another external trigger occurs after all inserted group channels have been converted then
the trigger rotation process restarts.

Figure 11-16. Trigger rotation: inserted channels in discontinuous mode

ADco||CHo|||CH1|||CH2|||CH3|
ADC1 CH4 CH5 CHé CH7
[ samve
Inserted |_| |_| |_| |_| |_| |_| |_|
trigger
Convert
EOIC(ADCO0) |_|

EOIC(ADC1) I_L

Combined regular parallel & inserted parallel mode

In the free mode, the conversion of regular group can be interrupted by the conversion of
inserted group. In the sync mode, itis also possible to interrupt parallel conversion of a regular
group to insert parallel conversion of an inserted group.

Note: In combined regular parallel + inserted parallel mode, the sampling time for the two
ADCs should be configured the same.
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11.5.8. Combined regular parallel & trigger rotation mode
It is possible to interrupt regular group parallel conversion to start trigger rotation conversion
of an inserted group. The behavior of an alternate trigger interrupt a regular parallel
conversion shows in the Figure 11-17. Reqular parallel & trigger rotation mode.
When the inserted event occurs, the inserted rotation conversion is immediately started. If
regular conversion is already running, in order to ensure synchronization after the inserted
conversion, the regular conversion of both (master/slave) ADCs is stopped and resumed
synchronously at the end of the inserted conversion.
Note: In combined regular parallel + trigger rotation mode, the sampling time for the two ADCs
should be configured the same.
Figure 11-17. Regular parallel & trigger rotation mode
||CHO||CH1| ||CH1||CH2||CH3| ||CH3||CH4||CH5|
ADCO
[Toms
[ [cra| [crs| ||| [cre| | [Jorr|[cms]| ]| .-
ADC1
l Sample
| ted
rt1rsigegr1§r |_| I—I Convert
If one inserted trigger occurs during an inserted conversion that has interrupted a regular
conversion, it will be ignored. Figure 11-18. Trigger occurs during inserted conversion
shows the case (the third trigger is ignored).
Figure 11-18. Trigger occurs during inserted conversion
||CHO||CH1| ||CH1||CH2||CH3| ||CH3||CH4||CH5|
ADCO
[Toms
[cra| crs| [|cws| [cre| |cur| [forr|]cue||cro] -
ADC1
l Sample
this trigger is
| ted ignored
o (LT l
11.5.9. Combined inserted parallel & follow-up mode

It is possible to interrupt a follow-up conversion (both fast and slow) with an inserted event.
When the inserted trigger occurs, the follow-up conversion is interrupted and the inserted
conversion starts, at the end of the inserted sequence the follow-up conversion is resumed.
Figure 11-19 Follow-up single channel with inserted sequence CH1, CH2 shows the
behavior of this mode.
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11.6.

Figure 11-19 Follow-up single channel with inserted sequence CH1, CH2

ADCO

eguiar | [ cro | []cro] [ oo
ot [Te] o] o] [ oo
regular

ADCO

inserted | | cHt | | cH2 | Convert
_ADCL | | CH2 | | CH1 |

inserted

Inserted []

trigger

ADC interrupts

The interrupt can be produced on one of the events:
B End of conversion for regular and inserted groups
B The analog watchdog event

Separate interrupt enable bits are available for flexibility.

The interrupts of ADCO, ADC1 and ADC2 are mapped into the same interrupt vector ISR[18].
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11.7. Register definition

11.7.1. 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 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved | STRC ‘ STIC | EOIC ‘ EOC ‘ WDE |
rc_w0 rc_w0 rc_w0 rc_w0 rc_wo0
Bits Fields Descriptions
315 Reserved Must be kept at reset value
4 STRC Start flag of regular channel group

0: No regular channel group started
1: Regular channel group started
Set by hardware when regular channel conversion starts.

Cleared by software writing 0 to it.

3 STIC Start flag of inserted channel group
0: No inserted channel group started
1: Inserted channel group started
Set by hardware when inserted channel group conversion starts.

Cleared by software writing O to it.

2 EOIC End of inserted group conversion flag
0: No end of inserted group conversion
1: End of inserted group conversion
Set by hardware at the end of all inserted group channel conversion.

Cleared by software writing 0 to it.

1 EOC End of group conversion flag
0: No end of group conversion
1: End of group conversion
Set by hardware at the end of a regular or inserted group channel conversion.

Cleared by software writing O to it or by reading the ADC_RDATA register.

0 WDE Analog watchdog event flag
0: No analog watchdog event
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1: Analog watchdog event
Set by hardware when the converted voltage crosses the values programmed in
the ADC_WDLT and ADC_WDHT registers. Cleared by software writing O to it.

11.7.2. Control register 0 (ADC_CTLO)

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 ‘ IWDEN ‘ Reserved ‘ SYNCM[3:0]
w w w

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

‘ DISNUMI[2:0] ‘ DISIC ‘ DISRC ‘ ICA ‘ WDSC ‘ SM ‘ EOICIE ‘ WDEIE ‘ EOCIE ‘ WDCHSEL[4:0]
w rw w w rw I\ rw I\ rw rw

Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23 RWDEN Regular channel analog watchdog enable

0: Regular channel analog watchdog disable

1: Regular channel analog watchdog enable

22 IWDEN Inserted channel analog watchdog enable
0: Inserted channel analog watchdog disable
1: Inserted channel analog watchdog enable

21:20 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: Combined regular parallel + inserted parallel mode
0010: Combined regular parallel + trigger rotation mode
0011: Combined inserted parallel + follow-up fast mode
0100: Combined inserted parallel + follow-up slow mode
0101: Inserted parallel mode only
0110: Regular parallel mode only
0111: Follow-up fast mode only
1000: Follow-up slow mode only
1001: Trigger rotation mode only
Note: These bits are reserved in ADC1 and ADC2.In sync mode, the change of

configuration will cause unpredictable consequences. We must disable sync mode
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15:13

12

11

10

4.0

DISNUM[2:0]

DISIC

DISRC

ICA

WDSC

SM

EOQICIE

WDEIE

EOCIE

WDCHSEL[4:0]

before any configuration change.

Number of conversions in discontinuous mode

The number of channels to be converted after a trigger will be DISNUM+1

Discontinuous mode on inserted channels
0: Discontinuous mode on inserted channels disable
1: Discontinuous mode on inserted channels enable

Discontinuous mode on regular channels
0: Discontinuous mode on regular channels disable

1: Discontinuous mode on regular channels enable

Inserted channel group convert automatically
0: Inserted channel group convert automatically disable
1: Inserted channel group convert automatically enable

When in scan mode, analog watchdog is effective on a single channel
0: Analog watchdog is effective on all channels
1: Analog watchdog is effective on a single channel

Scan mode
0: scan mode disable
1: scan mode enable

Interrupt enable for EOIC
0: EOIC interrupt disable
1: EOIC interrupt enable

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

Interrupt enable for EOC
0: EOC interrupt disable
1: EOC interrupt enable

Analog watchdog channel select
00000: ADC channel0
00001: ADC channell
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
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01010: ADC channel 10
01011: ADC channel 11
01100: ADC channel 12
01101: ADC channel 13
01110: ADC channel 14
01111: ADC channell5
10000: ADC channel16
10001: ADC channell7
Other values are reserved.
Note: ADCO analog inputs Channell6 and Channell7 are internally connected to
the temperature sensor, and to Vrerint inputs. ADC1 analog inputs Channel16,
and Channell7 are internally connected to Vssa. ADC2 analog inputs Channel9,
Channel14, Channell5, Channell16, and Channell7 are internally connected to
Vssa.
11.7.3. Control register 1 (ADC_CTL1)
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 ‘ TSVREN ‘SWRCST‘ SWICST | ETERC ‘ ETSRC[2:0] Reserved
w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ETEIC | ETSIC[2:0] ‘ DAL ‘ Reserved ‘ DMA | Reserved ‘ RSTCLB | CLB ‘ CTN ‘ ADCON |
w w 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 Start on regular channel.
Set 1 on this bit starts a conversion of a group of regular channels if ETSRC is 111.
It is set by software and cleared by software or by hardware immediately after the
conversion starts.
21 SWICST Start on inserted channel.

Set 1 on this bit starts a conversion of a group of inserted channels if ETSIC is
111. Itis set by software and cleared by software or by hardware immediately after
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20

19:17

16

15

14:12

ETERC

ETSRC[2:0]

Reserved

ETEIC

ETSIC[2:0]

the conversion starts.

External trigger enable for regular channel

0: External trigger for regular channel disable

1: External trigger for regular channel enable

External trigger select for regular channel
For ADCO and ADC1:

000:
001:
010:
011:
100:
101:
110:
111:

Timer 0 CHO

Timer 0 CH1

Timer 0 CH2

Timer 1 CH1

Timer 2 TRGO

Timer 3 CH3

EXTI line 11/ Timer 7 TRGO
SWRCST

For ADC2:

000:
001:
010:
011:
100:
101:
110:
111:

Timer 2 CHO
Timer 1 CH2
Timer 0 CH2
Timer 7 CHO
Timer 7 TRGO
Timer 4 CHO
Timer 4 CH2
SWRCST

Must be kept at reset value

External trigger enable for inserted channel

0: External trigger for inserted channel disable
1: External trigger for inserted channel enable

External trigger select for inserted channel
For ADCO and ADC1:

000:
001:
010:
011:
100:
101:
110:
111:

Timer 0 TRGO

Timer 0 CH3

Timer 1 TRGO

Timer 1 CHO

Timer 2 CH3

Timer 3 TRGO

EXTI linel5/ Timer 7 CH3
SWICST

For ADC2:

000:

Timer 0 TRGO
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11

10:9

74

11.7.4.

DAL

Reserved

DMA

Reserved

RSTCLB

CLB

CTN

ADCON

001: Timer 0 CH3
010: Timer 3 CH2
011: Timer 7 CH1
100: Timer 7 CH3
101: Timer 4 TRGO
110: Timer 4 CH3
111: SWICST

Data alignment
0: LSB alignment
1: MSB alignment

Must be kept at reset value

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

Must be kept at reset value

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

ADC calibration
0: Calibration done

1: Calibration start

Continuous mode
0: Continuous mode disable
1: Continuous mode enable

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

Sample time register 0 (ADC_SAMPTO)

Address offset: 0x0C
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 ‘ SPT17[2:0] ‘ SPT16[2:0] ‘ SPT15[2:1] |
I\ w w
15 13 12 11 10 9 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
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: 1.5 cycles
001: 7.5 cycles
010: 13.5 cycles
011: 28.5 cycles
100: 41.5 cycles
101: 55.5 cycles
110: 71.5 cycles
111: 239.5 cycles
11.7.5. 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] |
rw rw w w w
15 14 13 12 11 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] ’ SPTO0[2:0] |
w w w w w w

241



<

GigaDevice GD32F10x User Manual
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
20:18 SPT6[2:0] refer to SPTO0[2:0] description
17:15 SPT5[2:0] refer to SPTO[2:0] description
14:12 SPT4[2:0] refer to SPTO[2:0] description
11:9 SPT3[2:0] refer to SPT0[2:0] description
8:6 SPT2[2:0] refer to SPTO[2:0] description
5:3 SPT1[2:0] refer to SPTO[2:0] description
2:0 SPTO0[2:0] Channel sample time
000: 1.5 cycles
001: 7.5 cycles
010: 13.5 cycles
011: 28.5 cycles
100: 41.5 cycles
101: 55.5 cycles
110: 71.5 cycles
111: 239.5 cycles
11.7.6. Inserted channel data offset register x (ADC_IOFFx) (x=0..3)
Address offset: 0x14-0x20
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
’ Reserved IOFF[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
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11.0 IOFF[11:0] Data offset for inserted channel x

These bits will be subtracted from the raw converted data when converting
inserted channels. The conversion result can be read from in the ADC_IDATAX
registers.

11.7.7. 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 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 WDHT[11:0]
I\
Bits Fields Descriptions

31:12 Reserved Must be kept at reset value

11:0 WDHT[11:0] Analog watchdog high threshold

These bits define the high threshold for the analog watchdog.

11.7.8. Watchdog low threshold register (ADC_WDLT)

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 10 9 8 7 6 5 4 3
Reserved WDLT[11:0]
w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 WDLT[11:0] Analog watchdog low threshold

These bits define the low threshold for the analog watchdog.
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11.7.9. Regular 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]
rw w
15 14 13 12 11 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 12
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23:20 RL[3:0] Regular channel group length.
The total number of conversion in regular group 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
11.7.10. Regular sequence register 1 (ADC_RSQ1)
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 I RSQ11[4:0] ‘ RSQ10[4:0] RSQ9[4:1]
w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RSQ9[0] ‘ RSQ8[4:0] ‘ RSQ7[4:0] RSQ6[4:0]
w w w 2
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value
29:25 RSQ11[4:0] refer to RSQO[4:0] description
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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 RSQO0[4:0] description
9:5 RSQ7[4:0] refer to RSQO[4:0] description
4:0 RSQ6[4:0] refer to RSQO0[4:0] description
11.7.11. Regular 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]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RSQ3[0] ‘ RSQ2[4:0] ‘ RSQ1[4:0] ‘ RSQO[4:0]
w rw rw rw
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value
29:25 RSQ5[4:0] refer to RSQO[4:0] description
24:20 RSQ4[4:0] refer to RSQO[4:0] description
19:15 RSQ3[4:0] refer to RSQO[4:0] description
14:10 RSQ2[4:0] refer to RSQO[4:0] description
9:5 RSQ1[4:0] refer to RSQO[4:0] description
4:0 RSQO[4:0] The channel number (0..17) is written to these bits to select a channel as the nth
conversion in the regular channel group.
11.7.12. Inserted sequence register (ADC_1SQ)
Address offset: 0x38
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 ‘ IL[1:0] 1SQ3[4:1]
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w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ 1SQ3[0] ‘ 1SQ2[4:0] 1SQ1[4:0] ‘ 1SQO[4:0]
w w w w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value
21:20 IL[1:0] Inserted channel group length.
The total number of conversion in Inserted group equals to IL[1:0] + 1.
19:15 1ISQ3[4:0] refer to 1ISQO[4:0] description
14:10 1SQ2[4:0] refer to ISQO[4:0] description
9:5 1SQ1[4:0] refer to 1ISQO[4:0] description
4.0 1ISQO[4:0] The channel number (0..17) is written to these bits to select a channel at the nth
conversion in the inserted channel group.
Unlike the regular conversion sequence, the inserted channels are converted
starting from (4 - IL[1:0] - 1), if IL[1:0] length is less than 4.
IL Insert channel order
3 ISQO >> 1SQ1 >> I1SQ2 >> 1SQ3
2 ISQ1 >> ISQ2 >> ISQ3
1 1ISQ2 >>1SQ3
0 1SQ3
11.7.13. Inserted data register x (ADC_IDATAX) (x=0..3)
Address offset: 0x3C - 0x48
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ IDATAN[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 IDATAN[15:0] Inserted number n conversion data

These bits contain the number n conversion result, which is read only.
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11.7.14. Regular 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 11 10 9 8 7 6 5 4 3 2 1 0
‘ RDATA[15:0]
r
Bits Fields Descriptions
31:16 ADC1RDTR[15:0] ADC1 regular channel data

In ADCO: In sync mode, these bits contain the regular data of ADC1.
In ADC1 and ADC2: these bits are not used.

15:0 RDATA[15:0] Regular channel data
These bits contain the conversion result from regular channel, which is read only.
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12. Digital-to-analog converter (DAC)
12.1. Overview

The Digital-to-analog converter converts 12-bit digital data to a voltage on the external pins.
The digital data can be configured in 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 two DACs can work independently or concurrently.

12.2. Characteristics

DAC’s main features are as follows:

12-bit resolution. Left or right data alignment.

DMA capability for each channel.

Conversion update synchronously.

Conversion triggered by external triggers.

Configurable internal buffer.

Input voltage reference, VREF+.

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

Two DACs in concurrent mode.

Figure 12-1. DAC block diagram shows the block diagram of DAC and Table 12-1. DAC
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12.3.

12.3.1.

pins gives the pin description.

Figure 12-1. DAC block diagram

DAC control register

DTSELx[2:0]

TIMER5_TRGO
TIMER7_TRGO
TIMER6_TRGO
TIMER4_TRGO
TIMER1_TRGO

TIMER3_TRGO

exTo [ H

DHx

Trigger selectorx

12-bit

4

DBOFFx

DDMA ENx
DTENX
DMA requestx
DWBWx[3:0]
DWMX[1:0]

Yyvy \A |

Control
logic

DOx

DAC

12-bit

12-bi

MUX2X1 /

]DAC_OUTH

vssa L]

vaan
+438A

Note: In connectivity line devices, the TIMER7_TRGO trigger is replaced by TIMER2_TRGO.

Table 12-1. DAC pins

Name Description Signal type
Vopa Analog power supply Input, analog supply
Vssa Ground for analog power supply Input, analog supply ground
VREF+ Positive reference voltage for the DAC, Input, analog positive reference
2.4V £ VRer+ < Vbpa
DAC_OUTx DACx analog output Analog output signal

The GPIO pins (PA4 for DACO, PA5 for DAC1) should be configured to analog mode before
enable the DAC module.

Function overview

DAC enable

The DACs can be powered on by setting the DENXx bit in the DAC_CTL register. A twakeup
time is needed to startup the analog DAC submodule.
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12.3.2.

12.3.3.

12.3.4.

12.3.5.

DAC output buffer

For the concern of 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 bits in the DAC_CTL register.

DAC data configuration

The 12-bit DAC holding data (DACx_DH) can be configured by writing any one of the
DACx_R12DH, DACx_L12DH and DACx_R8DH registers. When the data is loaded by
DACx_R8DH register, only the MSB 8 bits are configurable, the LSB 4 bits are forced to
4’'b0000.

DAC trigger

The DAC external trigger is enabled by setting the DTENX bits in the DAC_CTL register. The
DAC external triggers are selected by the DTSELX bits in the DAC_CTL register.

Table 12-2. External triggers of DAC

DTSELXx[2:0] Trigger Source Trigger Type
000 TIMER5_TRGO
TIMERa2_TRGO in
001 connectivity line devices;
TIMER7_TRGO in other type
devices Internal on-chip signal

010 TIMER6_TRGO

011 TIMER4_TRGO

100 TIMER1_TRGO

101 TIMER3_TRGO

110 EXTI9 External signal
111 SWTRIG Software trigger

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 DTENx bit in DAC_CTL register, the DAC
holding data is transferred to the DAC output data (DACx_DO) register at the selected trigger
events. Otherwise, when the external trigger is disabled, the transfer is performed
automatically.

When the DAC holding data (DACx_DH) is loaded into the DACx_DO register, after the time
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tsettung, the analog output is valid, and the value of tsertuine is related to the power supply

voltage and the analog output load.

12.3.6. DAC noise wave

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

There is a Linear Feedback Shift Register (LFSR) in the DAC control logic. In the LFSR noise
mode, the LFSR noise signal is added to the DACx_DH value. When the configured DAC
noise wave bit width is less than 12, the noise signal equals to the LSB DWBWX bits of the
LFSR register.

Figure 12-2. DAC LFSR algorithm
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‘Aﬂ AA

x12 X8 NG X x°

BRSO
o}
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In the triangle noise mode, a triangle signal is added to the DACx_DH value. 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 12-3. DAC triangle noise wave
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DACx_DH value

A 4

12.3.7. DAC output voltage

The analog output voltage on the DAC pin is determined by the following equation:
DAC,utput = Vrer+ * DAC_D0O/4096 (12-1)

The digital input is linearly converted to an analog output voltage, its range is 0 to Vrer+.

12.3.8. DMA request

When the external trigger is enabled, the DMA request is enabled by setting the DDMAENX
bits of the DAC_CTL register. A DAC DMA request will be generated when an external
hardware trigger (not a software trigger) occurs.

12.3.9. DAC concurrent conversion

When the two DACs work at the same time, for maximum bus bandwidth utilization in specific
applications, two DACs can be configured in concurrent mode. In concurrent mode, two DACs
data transfer (DACx_DH to DACx_DO) will be at the same time.

There are three concurrent registers that can be used to load the DACx_DH value:
DACC_R8DH, DACC_R12DH and DACC_L12DH. You just need to access a unique register
to realize driving both DACs at the same time.

When external trigger is enabled, both DTENXx bits should be set. DTSELO and DTSEL1 bits
should be configured with the same value.

When DMA is enabled, only one of the DDMAENX bits should be set.

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

12.4.1. Control register (DAC_CTL)

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 ‘DDMAENl‘ DWBW1[3:0] ‘ DWM1[1:0] ‘ DTSEL1[2:0] ‘ DTEN1 ‘DBOFF1| DEN1 |
rw rw rw rw w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘DDMAENO‘ DWBWO0[3:0] ‘ DWMO[1:0] ‘ DTSELO[2:0] ‘ DTENO ‘DBOFFO| DENO |
w w w 12 w w w
Bits Fields Descriptions
31:29 Reserved Must be kept at reset value
28 DDMAEN1 DAC1 DMA enable

0: DAC1 DMA mode disabled
1: DAC1 DMA mode enabled

27:24 DWBW1[3:0] DAC1 noise wave bit width
These bits specify bit width of the noise wave signal of DAC1. 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] DAC1 noise wave mode
These bits specify the mode selection of the noise wave signal of DAC1 when
external trigger of DACL1 is enabled (DTEN1=1).
00: wave disabled

01: LFSR noise mode
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1x: Triangle noise mode

21:19 DTSEL1[2:0] DAC1 trigger selection
These bits select the external trigger of DAC1 when DTEN1=1.
000: Timer 5 TRGO
001: Timer 2 TRGO (connectivity line devices); Timer 7 TRGO (other type
devices)
010: Timer 6 TRGO
011: Timer 4 TRGO
100: Timer 1 TRGO
101: Timer 3 TRGO
110: EXTl line 9
111: Software trigger

18 DTEN1 DAC1 trigger enable
0: DAC1 trigger disabled
1: DACL1 trigger enabled

17 DBOFF1 DACL1 output buffer turn off
0: DAC1 output buffer turn on to reduce the output impedance and improve the
driving capability
1: DAC1 output buffer turn off

16 DEN1 DAC1 enable
0: DACL1 disabled
1: DAC1 enabled

15:13 Reserved Must be kept at reset value

12 DDMAENO DACO DMA enable
0: DACO DMA mode disabled
1: DACO DMA mode enabled

11:8 DWBWO0I[3:0] DACO noise wave bit width

These bits specify bit width of the noise wave signal of DACO. These bits indicate
that unmask LFSR bit [n-1, O] 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
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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] DACO noise wave mode
These bits specify the mode selection of the noise wave signal of DACO when
external trigger of DACO is enabled (DTENO=1).
00: wave disabled
01: LFSR noise mode

1x: Triangle noise mode

5:3 DTSELO[2:0] DACO trigger selection
These bits select the external trigger of DACO when DTENO=1.
000: Timer 5 TRGO
001: Timer 2 TRGO (connectivity line devices); Timer 7 TRGO (other type
devices)
010: Timer 6 TRGO
011: Timer 4 TRGO
100: Timer 1 TRGO
101: Timer 3 TRGO
110: EXTl line 9
111: Software trigger

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

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

0 DENO DACO enable
0: DACO disabled
1: DACO enabled

12.4.2. 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

Reserved
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15 14 13 12 11 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 DACL1 software trigger, cleared by hardware

0: Software trigger disabled
1: Software trigger enabled

0 SWTRO DACO software trigger, cleared by hardware
0: Software trigger disabled
1: Software trigger enabled

12.4.3. DACO 12-bit right-aligned data holding register (DACO_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 DACO_DH[11:0] |

w

Bits Fields Descriptions

31:12 Reserved Must be kept at reset value

11:0 DACO_DH[11:0] DACO 12-bit right-aligned data

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

12.4.4. DACO 12-bit left-aligned data holding register (DACO_L12DH)

Address offset: 0Ox0C
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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‘ DACO_DH[11:0] ‘ Reserved
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:4 DACO_DH[11:0] DACO 12-bit left-aligned data

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

3:0 Reserved Must be kept at reset value

12.4.5. DACO 8-bit right-aligned data holding register (DACO_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 DACO_DH([7:0]

rw

Bits Fields Descriptions
318 Reserved Must be kept at reset value
7:0 DACO_DH[7:0] DACO 8-bit right-aligned data

These bits specify the MSB 8 bits of the data that is to be converted by DACO.

12.4.6. DAC1 12-bit right-aligned data holding register (DAC1_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 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved DAC1_DH[11:0]
w
Bits Fields Descriptions
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31:12 Reserved Must be kept at reset value
11:0 DAC1_DH[11:0] DAC1 12-bit right-aligned data
These bits specify the data that is to be converted by DAC1.
12.4.7. DAC1 12-bit left-aligned data holding register (DAC1_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
‘ DAC1_DH[11:0] Reserved
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:4 DAC1_DH[11:0] DAC1 12-bit left-aligned data
These bits specify the data that is to be converted by DAC1.
3.0 Reserved Must be kept at reset value
12.4.8. DAC1 8-bit right-aligned data holding register (DAC1_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 DAC1_DHI[7:0]
rw
Bits Fields Descriptions
318 Reserved Must be kept at reset value
7:0 DAC1_DH[7:0] DAC1 8-bit right-aligned data
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12.4.9. DAC 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 | DAC1_DH[11:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ DACO_DHJ[11:0]
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value
27:16 DAC1_DHJ[11:0] DAC1 12-bit right-aligned data
These bits specify the data that is to be converted by DACL1.
15:12 Reserved Must be kept at reset value
11:0 DACO_DH[11:0] DACO 12-bit right-aligned data
These bits specify the data that is to be converted by DACO.
12.4.10. DAC 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
‘ DAC1_DH[11:0] ‘ Reserved
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DACO_DH[11:0] ‘ Reserved
w
Bits Fields Descriptions
31:20 DAC1_DH[11:0] DAC1 12-bit left-aligned data
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These bits specify the data that is to be converted by DACL1.
19:16 Reserved Must be kept at reset value
15:4 DACO_DHI[11:0] DACO 12-hit left-aligned data
These bits specify the data that is to be converted by DACO.
3:0 Reserved Must be kept at reset value
12.4.11. DAC 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
‘ DAC1_DH [7:0] DACO_DH [7:0]
w 12
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:8 DAC1_DH[7:0] DAC1 8-bit right-aligned data
These bits specify the MSB 8-bit of the data that is to be converted by DACL1.
7:0 DACO_DH][7:0] DACO 8-bit right-aligned data
These bits specify the MSB 8-bit of the data that is to be converted by DACO.
12.4.12. DACO data output register (DACO_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
’ Reserved DACO0_DO [11:0]
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r

Bits Fields Descriptions

31:12 Reserved Must be kept at reset value

11.0 DACO_DO [11:0] DACO data output

These bits, which are read only, reflect the data that is being converted by DACO.

12.4.13. DAC1 data output register (DAC1_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 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DAC1_DO [11:0]

r

Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11:0 DAC1_DO [11:0] DAC1 data output

These bits, which are read only, reflect the data that is being converted by DACL1.
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13.

13.1.

13.1.1.

13.1.2.

13.1.3.

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 (or an interrupt in window watchdog timer) 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 at 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. Refer to the
figure below for the functional block of the free watchdog module.
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Figure 13-1. Free watchdog block diagram
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The free watchdog is enabled by writing the value OxCCCC in the control register
(FWDGT_CTL), and the counter starts counting down. When the counter reaches the value
0x000, a reset is generated.

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 at power on when the hardware free watchdog bit
in the device option bytes is set. To avoid reset, the software should reload the counter before
the counter reaches 0x000.

The FWDGT_PSC register and the FWDGT_RLD register are write-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 on going, 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™-M3 core halted (Debug mode). While the FWDGT stops in Debug mode if the
FWDGT_HOLD bit is set.

Table 13-1. Min/max FWDGT timeout period at 40 kHz (IRC40K)

Prescaler divider | PSC[2:0] bits Min timeout (ms) Max timeout (ms)
RLD[11:0]=0x000 RLD[11:0]=0xFFF
1/4 000 0.1 409.6
1/8 001 0.2 819.2
1/16 010 0.4 1638.4
1/32 011 0.8 3276.8
1/64 100 1.6 6553.6
1/128 101 3.2 13107.2
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o : Min timeout (ms) Max timeout (ms)
Prescaler divider | PSC[2:0] bits
RLD[11:0]=0x000 RLD[11:0]=0xFFF
1/256 110 0or 111 6.4 26214.4

The FWDGT timeout can be more accurate by calibrating the IRC40K.

Note:

All the 10X devices. When after the execution of dog reload operation, if the MCU needs
enter the deepsleep/standby mode immediately, (more than 3) IRC40K clock interval
must be inserted in the middle of reload and stop/standby mode commands by software
setting.

For all the 101 devices and the 103 devices with flash no more than 128K, when software
finished the executing operation of FWDGT, if the MCU needs enter the
deepsleep/standby mode immediately, it is at least 100 us interval left between the two
instructions.

For all the 101 devices and the 103 devices with flash no more than 128K, if you need
access to the MCU debug mode, recommend to use hardware watchdog, or enable
watchdog again after exit debug mode by software setting.
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13.1.4. Register definition
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 11 10 9 8 7 6 5 4 3 2 1 0
‘ CMD[15:0] |
w
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
OxCCCC: 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 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved PSCI[2:0] |
rw
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
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FWDGT_STAT register is set and the value read from this register is invalid.
000: 1/4
001: 1/8
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 except in case of low-power mode entry.
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 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 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

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

except in case of low-power mode entry.

Status register (FWDGT_STAT)

Address offset: 0x0C
Reset value: 0x0000 0000
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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 11 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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13.2.

13.2.1.

13.2.2.

13.2.3.

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 downcounter reduces
progressively. The watchdog timer causes a reset when the counter reached Ox3F (the CNTI[6]
bit becomes cleared). The watchdog timer also causes a reset if 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 or refreshes before the counter reaches the window value.
Interrupt 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

Programmable free-running 7-bit downcounter.

Generate reset in two conditions when WWDGT is enabled:

- Reset when the counter reached 0x3F.

- The counter is refreshed when the value of the counter is greater than the window
register value.

B Early wakeup interrupt (EWI): if the watchdog is started and the interrupt is enabled, the
interrupt occurs when the counter reaches 0x40 or refreshes before it reaches the
window value.

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 cause a reset when the counter reaches Ox3F (the CNT[6] bit becomes
cleared), or when the counter is refreshed before the counter reaches the window register
value.
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Figure 13-2. Window watchdog timer block diagram

PCLK1/4096 Prescaler
> 11721418
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The watchdog is always disabled after power on reset. The software starts the watchdog by
setting the WDGTEN bit in the WWDGT_CTL register. Whenever 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 of two reloading. The countdown speed depends on the APB1 clock
and the prescaler (PSCJ[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 downcounter when counter value
is less than the window value and greater than 0x3F, 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 is generated when the counter reaches 0x40 or the counter is
refreshed before it reaches the window value. 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.
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Figure 13-3. Window watchdog timing diagram

CNT[6:0]
A

Start Start
Ox7F Write CNT

WIN A
]
'
Ox3F 4----moeee--
'
'
. ; >
CNTI[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) (13‘1)

where:
twwoeT: WWDGT timeout
trcLk1: APB1 clock period measured in ms

Refer to the table below for the minimum and maximum values of the twwparT.

Table 13-2. Min/max timeout value at 54 MHz (fpcLk1)

- Min timeout value Max timeout value
Prescaler divider PSC[1:0]
CNT[6:0] =0x40 CNT[6:0]=0x7F
1/1 00 75.8 us 4.8 ms
1/2 01 151.7 ys 9.7 ms
1/4 10 303.4 us 19.4 ms
1/8 11 606.8 ps 38.8 ms

If the WWDGT_HOLD bit in DBG module is cleared, the WWDGT continues to work even the

Cortex™-M3 core halted (Debug mode). While the WWDGT_HOLD bit is set, the WWDGT
stops in Debug mode.
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13.2.4. Register definition
Control register ( WWDGT_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 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘WDGTEN ‘ CNT[6:0]
rs w
Bits Fields Descriptions
318 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 CNT[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 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved ‘ EWIE ‘ PSCI1:0] WINI6:0]
rs rw w
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 EWIE Early wakeup interrupt enable. An interrupt occurs when the counter reaches 0x40
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or the counter is refreshed before it reaches the window value if the bit is set. It can
be cleared by a hardware reset or by a RCU WWDGT software reset. A write
operation of ‘0’ has no effect.
8:7 PSC[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 WINJ[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 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 ‘ EWIF |
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 EWIF Early wakeup interrupt flag. When the counter reaches 0x40 or refreshes before it

reaches the window value, this bit is set by hardware even the interrupt is not
enabled (EWIE in WWDGT_CFG is cleared). This bit is cleared by writing O to it.

There is no effect when writing 1 to it.
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14. Real-time Clock (RTC)
14.1. 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.
14.2. Characteristics
B 32-bit programmable counter for counting elapsed time
Programmable prescaler: Max division factor is up to 220
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
14.3. 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
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14.3.1.

14.3.2.

with the value of current system time. If alarm interrupt is enabled in the RTC_INTEN register,
the RTC will generate an alarm interrupt when the system time equals to the alarm time
(stored in the RTC_ALRMHY/L register),

Figure 14-1. Block diagram of RTC
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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_APBI1EN 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).

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 APBL1 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.
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14.3.3.

14.3.4.

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
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.
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Figure 14-2. RTC second and alarm waveform example (RTC_PSC =3, RTC_ALRM =2)
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Figure 14-3. RTC second and overflow waveform example (RTC_PSC= 3)
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14.4. Register definition

14.4.1. 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 I 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

14.4.2. 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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316 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_PSCHIL, thus

incrementing the RTC counter.

14.4.3. 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
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Bits Fields Descriptions

31:4 Reserved Must be kept at reset value

3:0 PSC[19:16] RTC prescaler value high

14.4.4. 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 11 10 9 8 7 6 5 4 3 2 1 0
| PSC[15:0]

w
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).

14.4.5. 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]
r

Bits Fields Descriptions
31:4 Reserved Must be kept at reset value
3.0 DIV[19:16] RTC divider value high
14.4.6. RTC divider low register (RTC_DIVL)

Address offset: 0x14
Reset value: 0x8000
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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
| 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.

14.4.7. 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

14.4.8. 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
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Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CNT[15:0] RTC counter value low
14.4.9. RTC alarm high register (RTC_ALRMH)
Address offset: 0x20
Reset value: OxFFFF
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
| ALRM[31:16]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 ALRM[31:16] RTC alarm value high
14.4.10. 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 11 10 9 8 7 6 5 4 3 2 1 0
| ALRM[15:0]
w
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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15. TIMER

Table 15-1. Timers (TIMERX) are divided into five sorts

TIMER TIMERO/7 TIMER1/2/3/4 TIMER8/11 | TIMER9/10/12/13 | TIMERS5/6
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, UP,DOWN, UP,DOWN,
Count mode ) ) ) ) UP ONLY
Center-aligned | Center-aligned | 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 . . N N "
Decoder
Slave Controller ° ° ° x x
. TRGO TO
Inter connection o @ @ x
DAC
DMA ° ° X X NO)
Debug Mode ° ° ° ° °
(1) TIMERO ITIO: TIMER4_TRGO  ITIL: TIMER1_TRGO  ITI2: TIMER2_TRGO  ITI3: TIMER3_TRGO
TIMER? ITIO: TIMERO_TRGO  ITIl: TIMER1_TRGO  ITI2: TIMER3_TRGO  ITI3: TIMER4_TRGO
(2) TIMER1 ITIO: TIMERO_TRGO  ITIL: referto note (5)  ITI2: TIMER2_TRGO  ITI3: TIMER3_TRGO
TIMER2 ITIO: TIMERO_TRGO  ITIL: TIMER1_TRGO  ITI2: TIMER4_TRGO  ITI3: TIMER3_TRGO
TIMER3 ITIO: TIMERO_TRGO  ITIL: TIMER1_TRGO  ITI2: TIMER2_TRGO  ITI3: TIMER7_TRGO
TIMER4 ITIO: TIMERL_TRGO  ITIl: TIMER2_TRGO  ITI2: TIMER3_TRGO  ITI3: TIMER7_TRGO
(3) TIMERS ITIO: TIMERL_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.
(5) In connectivity line devices, the source of TIMER1 ITI1 is decided by TIMER1ITI1_REMAP in AFIO

port configuration register 0 (AFIO PCF0);

In non-connectivity line devices, the source of TIMERL1 ITI1 is internally connected to TIMER7_TRGO;
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15.1. Advanced timer (TIMERX, x=0, 7)

15.1.1. 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 issuitable 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.

15.1.2. Characteristics

B Total channel num: 4.

B Counter width: 16 bit.

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.

Programmable prescaler: 16 bit.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

Programmable dead time insertion.

Auto reload function.

Programmable counter repetition function.
Break input.

Interrupt output or DMA request on: update, trigger event, compare/capture event, and
break input.

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 mode controller.
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Block diagram

15.1.8.

Figure 15-1. Advanced timer block diagram provides details of the internal configuration of

the advanced timer.

Figure 15-1. Advanced timer block diagram
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15.1.4.

Function overview

Clock selection

The advanced timer has the capability of being clocked by either the TIMER_CK or an
alternate clock source controlled by SMC (TIMERXx_SMCFG bit [2:0]).

B 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 slave
mode is disabled (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 slave mode controller is enabled by setting SMC [2:0] in the TIMERx_SMCFG register
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_SMCEFG register, details as follows. When
the slave mode selection bits SMC [2:0] are set to 0x4, 0x5 or 0x6, the internal clock
TIMER_CK is the counter prescaler driving clock source.

Figure 15-2. Normal mode, internal clock divided by 1

cxmen [ [ U

CEN

update event generate(UPG)

Reload Pulse

Update event (UPE)

PSC_CLK =TIMER_CK
e 7 XDEEEE

':I

UUUUUUL
(oK oK o X X )

B

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 Ox6.
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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 0xO,
0x1, 0x2 or 0x3.

B SMC1== 1'b1 (external clock mode 1). External input 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 Ox7 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.

Prescaler

The prescaler can divide the timer clock (TIMER_CK) to a counter clock (PSC_CLK) by any
factor between 1 and 65536. It is controlled by prescaler register (TIMERx_PSC) which can
be changed on the go but is taken into account at the next update event.

Figure 15-3. Counter timing diagram with prescaler division change from 1 to 2 (PSC
value change from 0 to 1)

e [ [ UL

CEN

PSC_CLK —|_—|__|_
CNT_REG F7 @@ FX%XFEX 0 01 X 02 X 03 Xzél

UPG

Reload Pulse

PSC value 0 X 1

Prescaler BUF 0 1

Prescaler CNT 0

S
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Up counting mode

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 restarts from 0. If the repetition counter is set, the update
events will be generated after (TIMERX_CREP+1) times of overflow. Otherwise the update
event is generated each time when overflows. 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
TIMERXx_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 registers (repetition 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=0x63.

Figure 15-4. Up-counter timechart, PSC=0/1
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Update interrupt flag (UPIF)
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Figure 15-5. Up-counter timechart, change TIMERx_CAR on the go
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Down counting mode

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 restarts to count again from the counter-reload value. If the repetition
counter is set, the update event will be generated after (TIMERX_CREP+1) times of underflow.
Otherwise the update event is generated each time when underflows. 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 registers (repetition counter, auto reload register,
prescaler register) are updated.

The following figures show some examples of the counter behavior in different clock
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frequencies when TIMERx_CAR=0x63.

Figure 15-6. Down-counter timechart, PSC=0/1
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Figure 15-7. Down-counter timechart, change TIMERXx_CAR on the go
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Center-aligned counting mode

In the center-aligned counting mode, the counter counts up from 0 to the counter-reload value
and then counts down to O 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. The counting direction is updated by
hardware automatically.

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 15-8. 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 registers (repetition counter, auto-reload register,
290



<

GigaDevice

GD32F10x User Manual

prescaler register) are updated.

Figure 15-8. Center-aligned counter timechart show some examples of the counter

behavior when TIMERX_CAR=0x63. TIMERx_PSC=0x0

Figure 15-8. Center-aligned counter timechart
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Counter repetition

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 in up-counting mode, at each
counter underflow in down-counting mode or at each counter overflow and at each counter
underflow in center-aligned 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.

For odd values of CREP in center-aligned mode, the update event occurs either on the
overflow or on the underflow depending on when the CREP register was written and when

the counter was started. The update event generated at overflow when the CREP was written
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before starting the counter, and generated at underflow when the CREP was written after
starting the counter.

Figure 15-9. Repetition timecart for center-aligned counter

TIMERx_CREP =0x0
- ‘//—“/ ‘//T‘/ ‘//T‘/ ‘//T‘/ ‘//T‘/

TIMERX_CREP =0x1

o *//—“/ *//T . *//T .

TIMERX_CREP = 0x2

T T

— 1
T

Figure 15-10. Repetition timechart for up-counter
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Figure 15-11. Repetition timechart for down-

counter
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Capture/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 Input capture mode

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 TIMERXx_CHXCYV register,
at the same time the CHxIF bit is set and the channel interrupt is generated if enabled by

CHXxIE = 1.
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Figure 15-12. Input capture logic
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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_CH2 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, CHxVAL will restore
the value of Counter.

So the process can be divided to several steps as below:
Step1l: 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/CHxNP.

Step3: Capture source selection. (CHxXMS 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 has been high, the CHxXOF 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 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 O 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.

Output compare mode

In output compare mode, 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
asserted, if CHXDEN = 1.

So the process can be divided to several steps as below:
Stepl: 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/CHXDEN.

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.

Stepb5: 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 15-13. Output-compare under three modes
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PWM mode

In the output PWM mode (by setting the CHXCOMCTL bits to 3’'b110 (PWM mode0) or to 3'b
111(PWM model), the channel can generate PWM waveform according to the TIMERX_CAR
registers and TIMERx_CHXCV 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_CHXCV. Figure 15-14. 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 15-15. CAPWM timechart shows the CAPWM output and
interrupts waveform.

If TIMERXx_CHXCV is greater than TIMERx_CAR, the output will be always active under PWM
mode0 (CHXCOMCTL = 3’'b110).

And if TIMERx_CHXxCV is equal to zero, the output will be always inactive under PWM mode0
(CHXCOMCTL = 3'b110).
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Figure 15-14. EAPWM timechart
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Figure 15-15. CAPWM timechart
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Channel output reference 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
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 TIMERXx_CHXCYV register.
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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_CHXCV values.

The OxCPRE signal can be forced to 0 when the ETIFP 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.

Outputs complementary

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_CHCTL?2 register
and the POEN, ROS, IOS, ISOx and ISOxN bits in the TIMERXx_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 15-2. Complementary outputs controlled by parameters

Complementary Parameters Output Status
POEN ROS I0S CHXEN |CHXNEN CHx_O CHx_ON
CHx_O/ CHx_ON = LOW
0 CHx_O / CHx_ON output disable.
CHx_O = CHxP CHx_ON = CHxNP
0 CHx_O/CHx_ON output disable.
If clock is enable:
1 CHx_O =1SOx CHx_ON = ISOxN
0 0/1
CHx_O = CHxP CHx_ON = CHxNP
0 CHx_O/CHx_ON output disable.
CHx_O = CHxP CHx_ON = CHxNP
1 CHx_O/CHx_ON output enable.
If clock is enable:
! CHx_O =1SOx CHx_ON = ISOxN
CHx_O/CHx_ON = LOW
CHx_O/CHx_ON output disable.
0 CHx_O =LOW CHx_ON=OxCPRE®CHxNP
CHx_O output disable. CHx_ON output enable
0 CHx_O=OxCPRE@®CHxP |CHx_ON = LOW
CHx_O output enable CHx_ON output disable.
! CHx_O=OxCPRE@®CHxP |CHx_ON=(!OXCPRE)®CHxNP
CHx_O output enable CHx_ON output enable
! o CHx_O = CHxP CHx_ON = CHxXNP
0 CHx_O output disable. CHx_ON output disable.
CHx_O = CHxP CHx_ON=0OxCPRE®CHxXNP
1 CHx_O output enable CHx_ON output enable
CHx_O=OxCPRE@®CHxP |CHx_ON = CHxNP
1 CHx_O output enable CHx_ON output enable.
CHx_O=0OxCPRE@CHxP |CHx_ON=(!OxCPRE)®CHxNP
CHx_O output enable CHx_ON output enable.
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Dead time insertion

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 15-16. 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 15-16. Complementary output with
dead-time insertion)

Figure 15-16. Complementary output with dead-time insertion
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Break function

In this function, the output CHx_O and CHx_ON are controlled by the POEN, 10S 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 HXTAL stuck event by Clock Monitor (CKM) in RCU. The break function enabled by
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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_CTL1 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 15-17. Output behavior in response to a break (The break high active)
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CHXEN:1 CHxNEN:1 | CHx_O = 1S0x |
CHxP :0 CHxNP :0
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CHXEN: 1 CHXNEN: 0 CHx_O
CHxP :0 CHxNP :0
1ISOx = ISOxN CHx_ON

Quadrature decoder

The quadrature decoder function uses two quadrature inputs CI0 and CI1 derived from the
TIMERx_CHO and TIMERx_CH1 pins respectively to interact to generate the counter value.
The DIR bit is modified by hardware automatically during each input source transition. The
input source can be either CIO only, CI1 only or both CI0 and CI1, the selection mode by
setting the SMC [2:0] to 0x01, 0x02 or 0x03. The mechanism for changing the counter
direction is shown in the following table. 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-reload value. Therefore, users must configure the
TIMERx_CAR register before the counter starts to count.
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Table 15-3. Counting direction versus encoder signals

CIOFEO CI1FE1
Counting mode Level
Rising Falling Rising Falling
CI0 only CI1FE1=High Down Up - -
counting CI1FEl=Low Up Down - -
CI1 only CIOFEO=High - - Up Down
counting CIOFEO=Low - - Down Up
CI1FE1=High Down Up X X
Cl0 and CI1 CI1FEl=Low Up Down X X
counting CIOFEO=High X X Up Down
CIOFEO=Low X X Down Up

Note:"-" means "no counting”; "X" means impossible.

Figure 15-18. Example of counter operation in encoder interface mode
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Figure 15-19. Example of encoder interface mode with CIOFEQ polarity inverted

CIo

Ci1

L

L L

|

il
mil

Counter

down

upP

302




<

GigaDevice

GD32F10x User Manual

Hall sensor function

Hall sensor is generally used to control BLDC Motor; advanced timer can support this function.

Figure 15-20. Hall sensor_is used to BLDC motor show how to connect. And we can see
we need two timers. First TIMER_in (Advanced/GeneralLO TIMER) should accept three
Rotor Position signals from Motor.

Each of the 3 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/GeneralLO 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 (TIMER7 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.
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Figure 15-20. Hall sensor is used to BLDC motor
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Slave controller

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_SMCEFG register. The trigger input of these modes can be selected by the TRGS
[2:0] in the TIMERX_SMCFG register.

Table 15-4. Slave mode example table

Mode Selection |Source Selection Polarity Selection Filter and Prescaler
TRGSI[2:0] )
LIST SMC[2:0] 000: IT10 If you choose the CIOFEO or|For the ITIXx no filter and
' CI1FE1, configure the CHxP|prescaler can be used.
3'b100 (restart|001: ITI1 ]
and CHxNP for the polarity ) )
mode) 010: ITI2 ) ] ) For the Clx, configure Filter by
selection and inversion.
011: ITI3 CHxCAPFLT, no prescaler can
3'b101 (pause
de) 100: CIOF_ED If you choose the ETIF,|be used.
mode
101: CIOFEO configure the ETP for polarity ] ]
) ) ) For the ETIF, configure Filter by
3'b110 (event({110: CI1IFE1 selection and inversion.
ETFC and Prescaler by
mode) 111: ETIFP
ETPSC.
TRGS[2:0]=3'b000
Examl |Restart mode - -
) For ITIO, no polarity selector ]
ITIO is the For the ITIO, no filter and
The counter can be ] can be used.
selection. prescaler can be used.
clear and restart
when a rising
trigger input.
Figure 15-22. Restart mode
TIMER_CK —L
CEN
ovrree st sr s0) spez (e 00) o1 02)os(04) 00) 01)(02)
UPIF ‘
ITIO T
Internal syncdelay [
TRGIF
Exam2 |[Pause mode TI0S=0. (Non-xor) Filter is bypass in this example.
TRGS[2:0]=3'b101
[CHONP==0, CHOP==0]
The counter can be|CIOFEO is  thelno inverted. Capture will be
paused when the|selection. sensitive to the rising edge
trigger input is low. only.
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Mode Selection |Source Selection Polarity Selection Filter and Prescaler

Figure 15-23. Pause mode
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Figure 15-24. 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 automatically. 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. If the CEN bit is automatically cleared to 0 by a hardware update
event, the counter will be reinitialized.

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_CHXCYV 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 OXxCPRE 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 15-25. Single pulse mode, TIMERXx_CHxCV = 0x04, TIMERx_CAR=0x60
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Timers interconnection

The timers can be internally connected together for timer chaining or synchronization. This
can be implemented by configuring one timer to operate in the master mode while configuring
another timer to be in the slave mode. The following figures present several examples of
trigger selection for the master and slave modes.

Figure 15-26. TimerQ0 _master/slave_mode timer_example shows the timerQ trigger
selection when it is configured in slave mode.
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Figure 15-26. Timer0O master/slave mode timer example
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Other interconnection examples:
B Timer 2 as prescaler for timer O

We configure Timer2 as a prescaler for Timer 0. Refer to Figure 15-26. TimerQ
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_CTLA1 register). Then timer2 drives a periodic signal on
each counter overflow.

2. Configure the Timer2 period (TIMER2_CAR registers).

3. Select the Timer0 input trigger source from Timer2 (TRGS=3'b010 in the
TIMERX_SMCEFG register).

4. Configure TimerO0 in external clock mode 0 (SMC=3’b111 in TIMERx_SMCFG register).
5. Start TimerO by writing ‘1 in the CEN bit (TIMERO_CTLO register).

6. Start Timer2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

B Start TimerO with Timer2’s Enable/Update signal

In this example, we enable Timer0 with the enable output of Timer2. Refer to Figure 15-27.
Triggering TIMERO with enable signal of TIMER2. Timer0 starts counting from its current
value on the divided internal clock after trigger by Timer2 enable output.

When TimerO receives the trigger signal, its CEN bit is set automatically and the counter
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counts until we disable timer0. In this example, both counter clock frequencies are divided by
3 by the prescaler compared to TIMER_CK (fent_cik = frimer_ck/3). TimerQ0’s SMC is set as
event mode, so Timer0 can not be disabled by Timer2’s disable signal. Do as follow:

1.

Configure Timer2 master mode to send its enable signal as trigger output(MMC=3’b001
in the TIMER2_CTL1 register)

Configure Timer0 to select the input trigger from Timer2 (TRGS=3'b010 in the
TIMERX_SMCEFG register).

Configure Timer0 in event mode (SMC=3b 110 in TIMERx_SMCFG register).

Start Timer2 by writing 1 in the CEN bit (TIMER2_CTLO register).

Figure 15-27. Triggering TIMERO with enable signal of TIMER2
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In this example, we also can use update Event as trigger source instead of enable signal.
Refer to Figure 15-28. Triggering TIMERO with update signal of TIMER2. Do as follow:

1. Configure Timer2 in master mode and send its update event (UPE) as trigger output

(MMC=3’b010 in the TIMER2_CTL1 register).
Configure the Timer2 period (TIMER2_CARL registers).

Configure TimerO to get the input trigger from Timer2 (TRGS=3'b010 in the
TIMERx_SMCEFG register).

Configure TimerO in event mode (SMC=3'b110 in TIMERX_SMCFG register).

Start Timer2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).
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Figure 15-28. Triggering TIMERO with update signal of TIMER2
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B Enable Timer0 count with Timer2’'s enable/OOCPRE signal

In this example, we control the enable of TimerO with the enable output of Timer2 .Refer to
Figure 15-29. Pause TIMERO with enable signal of TIMER2. Timer0 counts on the divided

internal clock only when Timer 2 is enable. Both counter clock frequencies are divided by 3
by the prescaler compared to CK_TIMER (fCNT_CLK = fPCLK /3). TimerQ’s SMC is set as
pause mode, so TimerQO can be enabled/disabled by Timer2’s enable/disable signal. Do as

follow:

1. Configure Timer2 input master mode and output enable signal as trigger output
(MMC=3’b001 in the TIMER2_CTL1 register).

2. Configure TimerO to get the input trigger from Timer2 (TRGS=3’b010 in the
TIMERX_SMCEFG register).

3. Configure Timer0 in pause mode (SMC=3’b101 in TIMERX_SMCFG register).
4. Enable Timer0 by writing ‘1 in the CEN bit (TIMERO_CTLO register)

5. Start Timer2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

6. Stop Timer2 by writing ‘0 in the CEN bit (TIMER2_CTLO register).
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Figure 15-29. Pause TIMERO with enable signal of TIMER2
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In this example, we also can use O0OCPRE as trigger source instead of enable signal output.
Do as follow:

1.

Configure Timer2 in master mode and output 0 Compare Prepare signal (OOCPRE) as
trigger output (MMS=3’b100 in the TIMER2_CTL1 register).

Configure the Timer2 O0OCPRE waveform (TIMER2_CHCTLO register).

Configure Timer0 to get the input trigger from Timer2 (TRGS=3'b010 in the
TIMERX_SMCEFG register).

Configure Timer0 in pause mode (SMC=3’b101 in TIMERx_SMCFG register).

Enable Timer0 by writing “1 in the CEN bit (TIMERO_CTLDO register).

Start Timer2 by writing ‘1 in the CEN bit (TIMER2_CTLO register).

Figure 15-30. Pause TIMERO with OOCPREF signal of Timer2
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Using an external trigger to start 2 timers synchronously
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We configure the start of TimerO triggered by the enable signal of Timer2, and Timer2 is
triggered by its CIO input rises edge. To ensure 2 timers start synchronously, Timer2 must be
configured in Master/Slave mode. Do as follow:

1. Configure Timer2 in slave mode to get the input trigger from CI0 (TRGS=3'b100 in the
TIMER2_SMCFG register).

2. Configure Timer2 in event mode (SMC=3'b110 in the TIMER2_SMCFG register).

3. Configure the Timer2 in Master/Slave mode by writing MSM=1 (TIMER2_SMCFG
register).

4. Configure Timer0 to get the input trigger from Timer2 (TRGS=3'b010 in the
TIMERX_SMCEFG register).

5. Configure Timer0 in event mode (SMC=3'b110 in the TIMERO_SMCFG register).

When arising edge occurs on Timer2’s CI0, two timer’s counters start counting synchronously
on the internal clock and both TRGIF flags are set.

Figure 15-31. Triggering TIMERO and TIMER2 with TIMER2’s CI0 input

TIMER2

TiveR_ok UL
w_ ]

TRGIF

CEN

CNT_REG 00 01 02 03

TIMERO

TRGIF

CEN

CNT_CK

CNT_REG 00 01 02 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
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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™-M3 halted, and the TIMERXx_HOLD configuration bitin DBG_CTL register
is set to 1, the TIMERX counter stops.
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15.1.5. Register definition

Control register 0 (TIMERx_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
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] | DIR ‘ SPM | UPS ‘ UPDIS ‘ CEN |
w w w 12 w 12 w w
Bits Fields Descriptions
31:10 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 ratio between
the timer clock (TIMER_CK) and the dead-time and sampling clock (DTS), which
is used by the dead-time generators and the digital filters.

00: fors=frimMer_ck

01: fors= frimer_ck /2

10: fors= friMer_ck /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_CHCTLO register). Only when the counter is counting down, compare
interrupt flag of channels 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 the counter is counting up, compare
interrupt flag of channels 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
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4 DIR

3 SPM

2 UPS

1 UPDIS

0 CEN

TIMERX_CHCTLO register). Both when the counter is counting up and counting
down, compare interrupt flag of channels can be set.
After the counter is enabled, cannot be switched from 0x00 to non 0x00.

Direction

0: Count up

1: Count down

This bit is read only when the timer is configured in center-aligned mode or

encoder mode.

Single pulse mode.
0: Single pulse mode disable. Counter continues after update event.
1: Single pulse mode enable. The CEN is cleared by hardware and the counter

stops at next update event.

Update source
This bit is used to select the update event sources by software.
0: Any of the following events generate an update interrupt or DMA request:
- The UPG bit is set
- The counter generates an overflow or underflow event
- The slave mode controller generates an update event.
1: Only counter overflow/underflow generates an update interrupt or DMA request.

Update disable.
This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers
are loaded with their preloaded values when one of the following events occurs:

- The UPG bit is set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller

generates a hardware reset event.

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. While in event mode, the hardware can set the CEN bit

automatically.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
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 |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved 1ISO3 ‘ ISO2N ‘ 1SO2 ‘ ISO1IN ‘ 1ISO1 ‘ ISOON ‘ 1ISO0 ‘ TIoS ‘ MMC[2:0] ‘ DMAS ‘ CCUC |Reserved| CCSE |
w w rw I\ I\ rw I\ rw rw w rw w
Bits Fields Descriptions
31:15 Reserved Must be kept at reset value
14 1ISO3 Idle state of channel 3 output

Refer to 1ISOO0 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 ISO1IN Idle state of channel 1 complementary output
Refer to ISOON bit

10 1ISO1 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 TIMERXx_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 O trigger input.
1: The result of combinational XOR of TIMERx_CHO, CH1 and CH2 pins is

selected as channel O trigger input.

6:4 MMC[2:0] Master mode control
These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: Reset. When the UPG bit in the TIMERx_SWEVG register is set or a reset is
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DMAS

CCucC

Reserved

CCSE

generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.

001: Enable. This mode is useful to start several timers at the same time or to
control a window in which a slave timer is enabled. In this mode the master mode
controller selects the counter enable signal as TRGO. The counter enable signal is
set when CEN control bit is set or the trigger input in pause mode is high. There is
a delay between the trigger input in pause mode and the TRGO output, except if
the master-slave mode is selected.

010: Update. In this mode the master mode controller selects the update event as
TRGO.

011: Capture/compare pulse. In this mode the master mode controller generates a
TRGO pulse when a capture or a compare match occurred in channalO.

100: Compare. In this mode the master mode controller selects the OOCPRE
signal is used as TRGO

101: Compare. In this mode the master mode controller selects the O1CPRE
signal is used as TRGO

110: Compare. In this mode the master mode controller selects the O2CPRE
signal is used as TRGO

111: Compare. In this mode the master mode controller selects the O3CPRE
signal is used as TRGO

DMA request source selection
0: DMA request of channel x is sent when capture/compare event occurs.
1: DMA request of channel x is sent when update event occurs.

Commutation control shadow register update control

When the commutation control shadow enable (for CHXEN, CHXNEN and
CHxXCOMCTL 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.
Must be kept at reset value.

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.
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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 11 10 9 8 7 6 5 4 3 2 1 0
‘ ETP ‘ SMC1 ‘ ETPSC[1:0] ETFC[3:0] ‘ 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 high level or rising edge.
1: ETl is active at low level or falling edge.

14 SMC1 Part of SMC for enable External clock model.
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.
It is possible to simultaneously use external clock mode 1 with the restart mode,
pause mode or event mode. But the TRGS bits must not be 3'b111 in this case.
The external clock input will be ETIFP if external clock mode 0 and external clock
mode 1 are enabled at the same time.
Note: External clock mode 0 enable is in this register's SMC bit-filed.

13:12 ETPSC[1:0] External trigger prescaler
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: ETIFP frequency will be divided by 2
10: ETIFP frequency will be divided by 4
11: ETIFP frequency will be divided by 8

11:8 ETFC[3:0] External trigger filter control
An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample ETIFP
signal and the length of the digital filter applied to ETIFP.
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6:4

2:0

MSM

TRGS[2:0]

Reserved

SMC[2:0]

0000: Filter disabled. fsamp= fors, N=1.
0001: fsamp= frimer_ck, N=2.
0010: fsamp= friver_ck, N=4.
0011: fsamp= friver_ck, N=8.
0100: fsamp=fbors/2, N=6.
0101: fsamp=fors/2, N=8.
0110: fsamp=fors/4, N=6.
0111: fsamp=fors/4, N=8.
1000: fsamp=foTs/8, N=6.
1001: fsamp=foTs/8, N=8.
1010: fsamp=foTs/16, N=5.
1011: fsamp=foTs/16, N=6.
1100: fsamp=foTs/16, N=8.
1101: fsamp=foTs/32, N=5.
1110: fsamp=foTs/32, N=6.
1111: fsamp=foTs/32, N=8.

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

Trigger selection

This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.

000: Internal trigger input O (ITI0)

001: Internal trigger input 1 (ITI1)

010: Internal trigger input 2 (IT12)

011: Internal trigger input 3 (ITI3)

100: CIO edge flag (CIOF_ED)

101: channel O input Filtered output (CIOFEO)
110: channel 1 input Filtered output (CILFE1)
111: External trigger input filter output(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 CI1LFE1 edge, while the
direction depends on CIOFEOQ level.

010: Quadrature decoder mode 1.The counter counts on CIOFEO edge, while the
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direction depends on CI1FEL1 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 the shadow registers are
updated 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 when it is low.

110: Event mode. A rising edge of the trigger input enables the counter. The counter
cannot be disabled by the slave mode controller.

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 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 | TRGDEN | CMTDEN | CH3DEN | CH2DEN | CH1DEN | CHODEN | UPDEN BRKIE TRGIE CMTIE CH3IE CH2IE CHIIE CHOIE UPIE

rw w w rw w w rw I\ rw 1\ rw w rw w w
Bits Fields Descriptions
31:15 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
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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

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 CHSIE 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 0000

This register has to be accessed by word (32-bit)
321



<

GigaDevice GD32F10x User Manual
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 ‘ CH3OF | CH20F | CHI1O0F ‘ CHOOF |Reserved | BRKIF ‘ TRGIF | CMTIF ‘ CHB3IF | CH2IF ‘ CH1IF | CHOIF ‘ UPIF
rc_w0 rc_w0 rc_wo rc_w0 rc_w0 rc_wo rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
31:13 Reserved Must be kept at reset value.
12 CH3OF Channel 3 over capture flag
Refer to CHOOF description
11 CH20F Channel 2 over capture flag
Refer to CHOOF description
10 CH1OF 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
This flag is set by hardware when the break input goes active, and cleared by
software if the break input is not active.
0: No active level break has been detected.
1: An active level has been detected.
6 TRGIF Trigger interrupt flag
This flag is set by hardware on trigger event and cleared by software. When the
slave mode controller is enabled in all modes but pause mode, an active edge on
trigger input generates a trigger event. When the slave mode controller is enabled
in pause mode both edges on trigger input 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
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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 0 is in output
mode, this flag is set when a compare event occurs.
0: No Channel 0 interrupt occurred
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 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 ‘ BRKG ‘ TRGG ‘ CMTG ‘ CH3G | CH2G ‘ CH1G | CHOG ‘ UPG |
w w w w w w w w
Bits Fields Descriptions
31:8 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
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6 TRGG

5 CMTG

4 CH3G

3 CH2G

2 CH1G

1 CHOG

0 UPG

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

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, CHXNEN 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

Channel 3’s capture or compare event generation
Refer to CHOG description

Channel 2’s capture or compare event generation
Refer to CHOG description

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 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

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 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
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 CH1MSJ[1:0] CEN 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

31:16

15

14:12

11

10

9:8

6:4

Reserved

CH1COMCEN

CH1COMCTL[2:0]

CH1COMSEN

CH1COMFEN

CH1MSI[1:0]

CHOCOMCEN

CHOCOMCTLI[2:0]

Must be kept at reset value

Channel 1 output compare clear enable
Refer to CHOCOMCEN description

Channel 1 compare output control
Refer to CHOCOMCTL description

Channel 1 output compare shadow enable
Refer to CHOCOMSEN description

Channel 1 output compare fast enable
Refer to CHOCOMSEN 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
TIMERXx_CHCTL2 register is reset).

00: Channel 1 is configured as output

01: Channel 1 is configured as input, IS1 is connected to CI1FE1

10: Channel 1 is configured as input, IS1 is connected to CIOFE1

11: Channel 1 is configured as input, IS1 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG

register.

Channel 0 output compare clear enable.

When this bit is set, the OOCPRE signal is cleared when High level is detected on
ETIF input.

0: Channel 0 output compare clear disable

1: Channel 0 output compare clear enable

Channel 0 compare output control
This bit-field controls the behavior of the output reference signal OOCPRE which
drives CHO_O and CHO_ON. OOCPRE is active high, while CHO_O and CHO_ON
active level 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
matches the output compare register TIMERx_CHOCV.

010: Clear the channel output. OOCPRE signal is forced low when the counter
matches the output compare register TIMERx_CHOCV.

011: Toggle on match. OOCPRE toggles when the counter matches the output
compare register TIMERx_CHOCV.

100: Force low. OOCPRE is forced low level.

101: Force high. OOCPRE is forced high level.

110: PWM mode0. When counting up, O0OCPRE is high as long as the counter is
smaller than TIMERXx_CHOCV else low. When counting down, OOCPRE is low as
long as the counter is larger than TIMERx_CHOCYV else high.

111: PWM model. When counting up, O0OCPRE is low as long as the counter is
smaller than TIMERx_CHOCYV else high. When counting down, O0OCPRE is high as
long as the counter is larger than TIMERx_CHOCYV else low.

When configured in PWM mode, the OOCPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison 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 validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).

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. The minimum delay from an edge on
the trigger input to activate CHO_O output is 5 clock cycles.
1: Channel 0 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 3 clock cycles.
1:0 CHOMS[1:0] Channel 0 I/O mode selection
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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
TIMERXx_CHCTL2 register is reset).).
00: Channel 0 is configured as output
01: Channel 0 is configured as input, IS0 is connected to CIOFEQ
10: Channel 0 is configured as input, IS0 is connected to CILFEO
11: Channel 0 is configured as input, IS0 is connected to ITS, This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.

Input capture mode:

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:12 CH1CAPFLT[3:0] Channel 1 input capture filter control
Refer to CHOCAPFLT description

11:10 CH1CAPPSC[1:0] 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
An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CIO input
signal and the length of the digital filter applied to CIO.
0000: Filter disabled, fsamp=fprs, N=1
0001: fsamp=friver_ck, N=2
0010: fsamp= friver_ck, N=4
0011: fsamp= friver_ck, N=8
0100: fsamp=fprs/2, N=6
0101: fsamp=fprs/2, N=8
0110: fsamp=fprs/4, N=6
0111: fsamp=fprs/4, N=8
1000: fsamp=foTs/8, N=6
1001: fsamp=foTs/8, N=8
1010: fsamp=fprs/16, N=5
1011: fsamp=fprs/16, N=6
1100: fsamp=fprs/16, N=8
1101: fsamp=fprs/32, N=5
1110: fsamp=fprs/32, N=6
1111: fsamp=fprs/32, N=8

3:2 CHOCAPPSCJ1:0] Channel 0 input capture prescaler
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This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler
is reset when CHOEN bit in TIMERx_CHCTLZ2 register is clear.

00: Prescaler disable, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4channel input edges
11: Capture is done 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 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
CH3COM CH3COM | CH3COM CH2COM CH2COM [CH2COM
CH3COMCTL[2:0] CH2COMCTL[2:0]
CEN SEN FEN CH3MSJ[1:0] CEN SEN FEN CH2MS[1:0]
CH3CAPFLT[3:0] CH3CAPPSC[1:0] CH2CAPFLT[3:0] CH2CAPPSCI[1:0]

w

rw

rw I\

Output compare mode:

w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

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 CHOCOMSEN 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 configured as output

01: Channel 3 is configured as input, 1S3 is connected to CI3FE3
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10: Channel 3 is configured as input, IS3 is connected to CI2FE3
11: Channel 3 is configured as input, IS3 is connected to ITS, This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.

7 CH2COMCEN Channel 2 output compare clear enable.
When this bit is set, the O2CPRE signal is cleared when High level is detected on
ETIF input.
0: Channel 2 output compare clear disable
1: Channel 2 output compare clear enable

6:4 CH2COMCTL][2:0] Channel 2 compare output control
This bit-field controls the behavior of the output reference signal O2CPRE which
drives CH2_O and CH2_ON. O2CPRE is active high, while CH2_O and CH2_ON
active level depends on CH2P and CH2NP 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
matches the output compare register TIMERx_CH2CV.
010: Clear the channel output. O2CPRE signal is forced low when the counter
matches the output compare register TIMERx_CH2CV.
011: Toggle on match. O2CPRE toggles when the counter matches the output
compare register TIMERx_CH2CV.
100: Force low. O2CPRE is forced low level.
101: Force high. O2CPRE is forced high level.
110: PWM mode 0. When counting up, O2CPRE is high as long as the counter is
smaller than TIMERXx_CH2CV else low. When counting down, O2CPRE is low as
long as the counter is larger than TIMERXx_CH2CV else high.
111: PWM mode 1. When counting up, O2CPRE is low as long as the counter is
smaller than TIMERx_CH2CYV else high. When counting down, O2CPRE is high as
long as the counter is larger than TIMERXx_CH2CYV else low.
When configured in PWM mode, the O2CPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison 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_CH2CYV 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 validating the shadow register only in single

329



<

GigaDevice GD32F10x User Manual
pulse mode (SPM bit in TIMERX_CTLO register is set).
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_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. The minimum delay from an edge on
the trigger input to activate CH2_0O output is 5 clock cycles.
1: Channel 2 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CH2_0O output is 3 clock cycles.

1:0 CH2MS[1:0] Channel 2 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. (CH2EN bit in
TIMERXx_CHCTL2 register is reset).).
00: Channel 2 is configured as output
01: Channel 2 is configured as input, 1S2 is connected to CI2FE2
10: Channel 2 is configured as input, IS2 is connected to CI3FE2
11: Channel 2 is configured as input, IS2 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.

Input capture mode:

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

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

74 CH2CAPFLT[3:0] Channel 2 input capture filter control

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CI2 input
signal and the length of the digital filter applied to CI2.

0000: Filter disable, fsavp=fors, N=1

0001: fsamp=friver_ck, N=2
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3.2

1:0

31 30

CH2CAPPSC[1:0]

CH2MSI[1:0]

0010: fsamp= friMer_ck, N=4
0011: fsamp= frimer_ck, N=8
0100: fsamp=fbors/2, N=6
0101: fsamp=fors/2, N=8
0110: fsamp=fors/4, N=6
0111: fsamp=fors/4, N=8
1000: fsamp=foTs/8, N=6
1001: fsamp=foTs/8, N=8
1010: fsamp=foTs/16, N=5
1011: fsamp=foTs/16, N=6
1100: fsamp=foTs/16, N=8
1101: fsavp=foTs/32, N=5
1110: fsamp=foTs/32, N=6
1111: fsavp=fors/32, N=8

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 TIMERXx_CHCTL2 register is clear.

00: Prescaler disable, capture is done on each channel input edge

01: Capture is done every 2 channel input edges

10: Capture is done every 4 channel input edges

11: Capture is done every 8 channel input edges

Channel 2 mode selection

Same as Output compare mode

Channel control register 2 (TIMERx_CHCTL?2)

Address offset: 0x20
Reset value: 0x0000 0000

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

29 28 27

26 25 24 23 22 21 20 19 18 17 16

Reserved |

15 14

13 12 11

10 9 8 7 6 5 4 3 2 1 0

‘ Reserved

‘ CH3P ‘ CH3EN ‘ CH2NP ‘CHZNEN‘ CH2P ‘ CH2EN ‘ CHINP ‘CHlNEN‘ CH1P ‘ CHI1EN ‘ CHONP ‘CHONEN‘ CHOP ‘ CHOEN |

Bits

w w w

Fields

w w w w w w w w w w w

Descriptions

31:14

13

Reserved

CH3P

Must be kept at reset value

Channel 3 capture/compare function polarity
Refer to CHOP description
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12

11

10

CHSEN

CH2NP

CH2NEN

CH2P

CHZ2EN

CHINP

CHINEN

CH1P

CHI1EN

CHONP

CHONEN

CHOP

Channel 3 capture/compare function enable
Refer to CHOEN description

Channel 2 complementary output polarity
Refer to CHONP description

Channel 2 complementary output enable
Refer to CHONEN description

Channel 2 capture/compare function polarity
Refer to CHOP description

Channel 2 capture/compare function enable
Refer to CHOEN description

Channel 1 complementary output polarity
Refer to CHONP description

Channel 1 complementary output enable
Refer to CHONEN description

Channel 1 capture/compare function polarity
Refer to CHOP description

Channel 1 capture/compare function enable
Refer to CHOEN description

Channel 0 complementary output polarity

When channel 0 is configured in output mode, this bit specifies the complementary
output signal polarity.

0: Channel 0 active high

1: Channel 0 active low

This bit cannot be modified when PROT [1:0] bit-filed in TIMERX_CCHP register is
11 or 10 and CHOMS [1:0] bit-filed in TIMERX_CHCTLDO register is 00.

Channel 0 complementary output enable

When channel 0 is configured in output mode, setting this bit enables the
complementary output in channelO.

0: Channel 0 complementary output disabled

1: Channel 0 complementary output enabled

Channel 0 capture/compare function polarity

When channel 0 is configured in output mode, this bit specifies the output signal
polarity.

0: Channel 0 active high

1: Channel 0 active low

When channel 0 is configured in input mode, this bit specifies the CIO signal

polarity.
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0: CIO is non-inverted. Input capture is done on a rising edge of CI0. When used
as extern trigger, CIO is non-inverted.

1: Cl0 is inverted. Input capture is done on a falling edge of CI0. When used as
extern trigger, CIO is inverted.

This bit cannot be modified when PROT [1:0] bit-filed in TIMERXx_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 O enabled

Counter register (TIMERx_CNT)

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

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
15:0 CNT[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change

the value of the counter.

Prescaler register (TIMERXx_PSC)

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
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‘ PSC[15:0]
rw
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 PSCJ[15:0] Prescaler value of the counter clock

The PSC 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 (TIMERXx_CAR)

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
‘ CARL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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.

Counter repetition register (TIMERx_CREP)

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 11 10 9 8 7 6 5 4 3 2 1 0
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‘ Reserved CREP[7:0]
w
Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:0 CREPJ[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 (TIMERXx_CHOCV)

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CHOVAL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CHOVAL[15:0] Capture or compare value of channel0

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 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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CH1VAL[15:0] |
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CH1VAL[15:0] Capture or compare value of channell

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 (TIMERXx_CH2CV)

Address offset: 0x3C
Reset value: 0x0000 0000

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

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

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CH2VAL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 (TIMERXx_CH3CV)

Address offset: 0x40
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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CH3VAL[15:0]

w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 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
‘ POEN | OAEN | BRKP ‘ BRKEN ‘ ROS ‘ 10S ‘ PROTI[1:0] DTCFG[7:0]

rw w w rw w w rw w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15 POEN Primary output enable

This bit s set by software or automatically by hardware depending on the OAEN bit.
It is cleared asynchronously by hardware as soon as the break input is active. 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: Channel outputs are disabled or forced to idle state.

1: Channel outputs are enabled.

14 OAEN Output automatic enable

This bit specifies whether the POEN bit can be set automatically by hardware.
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0: POEN can be not set by hardware.
1: POEN can be set by hardware automatically 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 CKM 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 TIMERXx_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 TIMERXx_CHCTL2 register.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
10 or 11.

10 I0S 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 TIMERXx_CHCTL2 register.
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_CCHP register is
10 or 11.

9:8 PROT[1:0] 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_CHCTL2 register (if related channel is configured in output mode)
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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 CHXCOMCTL/
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.
7:0 DTCFG[7:0] Dead time configure
This bit-field controls the value of the dead-time, which is inserted before the output
transitions. The relationship between DTCFG value and the duration of dead-time
is as follow:
DTCFG [7:5] =3'b0xx: DTvalue = DTCFG [7:0] * toT, toT = toTs.
DTCFG [7:5] =3’'b10x: DTvalue = (64+DTCFG [5:0]) * tor, tot = tors * 2.
DTCFG [7:5] =3'b110: DTvalue = (32+DTCFG [4:0]) * to, toT = tors * 8.
DTCFG [7:5] =3’'b111: DTvalue = (32+DTCFG [4:0]) * tor, toT = tors * 16.
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 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
Reserved DMATCI[4:0] Reserved DMATA [4:0]
w w
Bits Fields Descriptions
31:14 Reserved Must be kept at reset value.
12:8 DMATC [4:0] DMA transfer count
This filed is defined the number of DMA will access(R/W) the register of
TIMERx_DMATB
5’b0_0000: 1 time transfer
5’b0_0001: 2 times transfer
5’b1 _0001: 18 times transfer
7:5 Reserved Must be kept at reset value.
4:0 DMATA [4:0] DMA transfer access start address
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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
TIMERXx_DMATB, you will access the address of start address + 0x4.
5’b0_0000: TIMERX_CTLO

5’b0_0001: TIMERx_CTL1

5'b1_0010: TIMERx_DMACFG
In a word: Start Address = TIMERx_CTLO + DMASAR*4

DMA transfer buffer register (TIMERx_DMATB)

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

‘ Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DMATB[15:0]
rw
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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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15.2. General levelO timer (TIMERX, x=1, 2, 3, 4)
15.2.1. Overview

15.2.2.

15.2.3.

The general levelO timer module (Timerl, 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 or 32-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.

Characteristics

B Total channel num: 4.

B Counter width: 16bit.

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.

Programmable prescaler: 16 bit. 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

Auto-reload function.

Interrupt output or DMA request on: update, trigger event, and compare/capture event.
Daisy chaining of timer modules to allow a single timer to initiate multiple timing events.
Timer synchronization allows selected timers to start counting on the same clock cycle.

Timer Master/Slave mode controller.

Block diagram

Figure 15-32. General Level 0 timer block diagram provides details on the internal
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configuration of the general levelO timer.

Figure 15-32. General Level O timer block diagram
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15.2.4.

Function overview

Clock selection

The general level0 TIMER has the capability of being clocked by either the CK_TIMER or an
alternate clock source controlled by SMC (TIMERXx_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 slave mode is disabled (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 slave mode controller is enabled by setting SMC [2:0] in the TIMERx_SMCFG register
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 slave mode selection bits SMC [2:0] are set to 0x4, 0x5 or 0x6, the internal clock
TIMER_CK is the counter prescaler driving clock source.

Figure 15-33. Normal mode, 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 Ox7 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 pin source (ETI)

The TIMER_CK, driven 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 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 clock source is selected to
come from the ETI signal, the trigger controller including the edge detection circuitry will
generate a clock pulse during each ETI signal rising edge to clock the counter prescaler.

Prescaler

The prescaler can divide the timer clock (TIMER_CK) to the counter clock (PSC_CLK by any
factor between 1 and 65536. It is controlled through prescaler register (TIMERx_PSC) which
can be changed on the go but be taken into account at the next update event.

Figure 15-34. Counter timing diagram with prescaler division change from 1 to 2
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Up counting mode

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 restarts to count once again from 0. The update event is
generated at each counter overflow. The counting direction bit DIR in the TIMERx_CTL1
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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 TIMERx_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (repetition 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=0x63.

Figure 15-35. Up-counter timechart, PSC=0/1
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Figure 15-36. Up-counter timechart, change TIMERx_CAR on the go.
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Down counting mode

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 restarts to count again from the counter-reload value. If the repetition
counter is set, the update event was generated after the number (TIMERx_CREP+1) of
underflow. Else 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 TIMERX_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (repetition counter, auto reload register,
prescaler register) are updated.

The following figures show some examples of the counter behavior for different clock
frequencies when TIMERx_CAR=0x63.
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Figure 15-37. Down-counter timechart, PSC=0/1
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Figure 15-38. Down-counter timechart, change TIMERx_CAR on the go.
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Center-aligned counting mode

In the center-aligned counting mode, the counter counts up from 0 to the counter-reload value
and then counts down to O alternatively. The Timer module generates an overflow event when
the counter counts to the counter-reload value subtract 1 in the up-counting mode 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. The counting direction is updated by
hardware automatically.

Setting the UPG bit in the TIMERx_SWEVG register will initialize the counter value to 0
irrespective of whether the counter is counting up or down in the center-align counting mode
and generates an update event.

The UPIF bitin the TIMERX_INTF register can be set to 1 either when an underflow event
or an overflow event occurs. While the CHXxIF bit is associated with the value of CAM in
TIMERXx_CTLO. The details refer to Figure 15-39. Center-aligned counter timechart.

If the UPDIS bit in the TIMERX_CTLO register is set, the update event is disabled.

When an update event occurs, all the registers (repetition counter, autoreload register,
prescaler register) are updated.

Figure 15-39. Center-aligned counter timechart shows some examples of the counter
behavior for different clock frequencies when TIMERx_CAR=0x63, TIMERx_PSC=0x0.
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Figure 15-39. Center-aligned counter timechart
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Capture/compare channels

The general levelO 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.

Input capture mode

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
CHXxIE = 1.
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Figure 15-40. Input capture logic
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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 TIMERXx_CHO, TIMERXx_CH1 and TIMERx_CH2 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
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, CHxVAL will restore the value of
Counter.

So the process can be divided to several steps as below:

Step1l: 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/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_CHxXCV 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_CHXxCV will be set by counter’s value.
And CHXxIF is asserted. If the CHXxIF 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 O 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 0O rising edge. Then the TIMERX_CHOCV
can measure the PWM period and the TIMERx_CH1CV can measure the PWM duty.

Output compare mode

In Output Compare mode, 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:
Stepl: 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 TIMERXx_CAR and TIMERXx_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 15-41. Output-compare under three modes
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PWM mode

In the output PWM mode (by setting the CHXCOMCTL bits to 3’'b110 (PWM mode0) or to 3'b
111(PWM model), the channel can outputs PWM waveform according to the TIMERX_CAR
registers and TIMERx_CHXCV 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_CHXCV.
Figure 15-42. EAPWM timechart shows the EAPWM output and interrupts waveform.

The CAPWM period is determined by 2*TIMERXx_CAR, and duty cycle is determined by
2*TIMERXx_CHxCV. Figure 15-43. CAPWM timechart _HIk454890020shows the CAPWM
output and interrupts waveform.

If TIMERXx_CHXCV is greater than TIMERx_CAR, the output will be always active under PWM
mode0 (CHXCOMCTL==3'b110).

And if TIMERx_CHXxCV is equal to zero, the output will be always inactive under PWM mode0
(CHXCOMCTL==3'b110).
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Figure 15-42. EAPWM timechart
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Figure 15-43. CAPWM timechart
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Channel output reference 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
CHxCOMCTL field to 0x00, set to 1 by setting the CHXCOMCTL field to 0x01, set to O 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_CHXCV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
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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 CHxXCOMCTL 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_CHXCV values.

The OxCPRE signal can be forced to 0 when the ETIFP 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 OXxCPRE signal will not return to its active level until the next
update event occurs.

Quadrature decoder

The quadrature decoder function uses two quadrature inputs CIO and CI1 derived from the
TIMERXx_CHO and TIMERx_CH1 pins respectively to interact to generate the counter value.
The DIR bit is modified by hardware automatically during each input source transition. The
input source can be either CIO only, CI1 only or both CI0 and CI1, the selection made by
setting the SMC [2:0] to 0x01, 0x02 or 0x03. The mechanism for changing the counter
direction is shown in the following table. 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-reload value. Therefore, users must configure the
TIMERX_CAR register before the counter starts to count.

Table 15-5. Counting direction versus encoder signals

CIOFEO CI1FE1
Counting mode Level
Rising Falling Rising Falling
CI0 only CI1FE1=High Down Up - -
counting CI1FEl=Low Up Down - -
CI1 only CIOFEO=High - - Up Down
counting CIOFEO=Low - - Down Up
CI1FE1=High Down Up X X
Cl0 and CI1 CI1FEl=Low Up Down X X
counting CIOFEO=High X X Up Down
CIOFEO=Low X X Down Up

Note:"-" means "no counting”; "X" means impossible.
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Figure 15-44. Example of counter operation in encoder interface mode
Clo
Cl1
Counter upP down
Figure 15-45. Example of encoder interface mode with CIOFEQ polarity inverted
CIo
Cl1
Counter down UP
Slave controller
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
TIMERXx_SMCFG register. The trigger input of these modes can be selected by the TRGS
[2:0] in the TIMERXx_SMCFG register.
Table 15-6. Slave controller examples
Mode Selection Source Polarity Selection Filter and Prescaler
Selection
TRGS[2:0] .
LIST [SMCJ[2:0] 000: IT10 If you choose the CIOFEO or|For the ITIx no filter and
' CI1FE1, configure the|prescaler can be used.
3'b100 (restart mode) |001: ITI1
CHxP and CHxNP for the
010: ITI2 For the CIx, configure
3'b101 (pause mode) polarity  selection and|
011:ITI3 _ _ Filter by CHXCAPFLT, no
nversion.
3'b110 (event mode) 100: CIOF_ED prescaler can be used.
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Mode Selection Source Polarity Selection Filter and Prescaler
Selection
101: CIOFEO )
If you choose the ETIF,|For the ETIF, configure
110: CIIFE1 . ,
configure the ETP for|Filter by ETFC and
111: ETIFP , ,
polarity  selection  and|Prescaler by ETPSC.
inversion.
TRGS[2:0]=3'b00
Examl |Restart mode - -

The counter
clear and restart when a

rising trigger input.

0

can be

ITIO is the

selection.

For ITIO, no polarity selector
can be used.

For the ITIO, no filter and
prescaler can be used.

Figure 15-46. Restart mode
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Figure 15-47. Pause mode
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Mode Selection Source Polarity Selection Filter and Prescaler
Selection
TRGS[2:0]1=3'b11 ) -
Exam3 |Event mode ETP = 0 no polarity change.|ETPSC = 1, divided by 2.

The counter will start to
count when a rising|lETIF is the
trigger input. selection.

ETFC =0, no filter

Figure 15-48. 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 automatically. 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. If the CEN bit is automatically cleared to 0 by a hardware update
event, the counter will be reinitialized.

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.
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Figure 15-49. Single pulse mode TIMERx_CHxCV = 0x04 TIMERx_CAR=0x60
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Timers interconnection

Refer to Advanced timer (TIMERX, 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 TIMERXx_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 TIMERX.

If one more time DMA request event coming, TIMERX will repeat the process as above.

Timer debug mode

When the Cortex™-M3 halted, and the TIMERx_HOLD configuration bitin DBG_CTL register
set to 1, the TIMERX counter stops.
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15.2.5. Register definition

Control register 0 (TIMERx_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
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] ‘ DIR | SPM ‘ UPS | UPDIS ‘ CEN |
w w w w 12 w w w
Bits Fields Descriptions
31:10 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 ratio between
the timer clock (TIMER_CK) and the dead-time and sampling clock (DTS), which
is used by the dead-time generators and the digital filters.

00: fors=frimMer_ck

01: fors= frimMer_ck /2

10: fors= friMer_ck /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_CHCTLO register). Only when the counter is counting down, compare
interrupt flag of channels 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 the counter is counting up, compare
interrupt flag of channels 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
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4 DIR

3 SPM

2 UPS

1 UPDIS

0 CEN

TIMERX_CHCTLDO register). Both when the counter is counting up and counting
down, compare interrupt flag of channels can be set.
After the counter is enabled, cannot be switched from 0x00 to non 0x00.

Direction

0: Count up

1: Count down

This bit is read only when the timer is configured in Center-aligned mode or

Encoder mode.

Single pulse mode.

0: Single pulse mode disable. Counter continues after update event.

1: Single pulse mode enable. The CEN is cleared by hardware and the counter
stops at next update event.

Update source
This bit is used to select the update event sources by software.
0: When enabled, any of the following events generate an update interrupt or DMA
request:

- The UPG bit is set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: When enabled, only counter overflow/underflow generates an update interrupt
or DMA request.

Update disable.
This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers
are loaded with their preloaded values when one of the following events occurs:

- The UPG bit is set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller

generates a hardware reset event.

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. While in event mode, the hardware can set the CEN bit

automatically.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
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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 | TIOS ‘ MMCJ2:0] | DMAS ‘ Reserved

w w w

Bits Fields Descriptions
31:8 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 0O trigger input.

6:4 MMC[2:0] Master mode control
These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: Reset. When the UPG bit in the TIMERX_SWEVG register is set or a reset is
generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.
001: Enable. This mode is useful to start several timers at the same time or to
control a window in which a slave timer is enabled. In this mode the master mode
controller selects the counter enable signal TIMERXx_EN as TRGO. The counter
enable signal is set when CEN control bit is set or the trigger input in pause mode
is high. There is a delay between the trigger input in pause mode and the TRGO
output, except if the master-slave mode is selected.
010: Update. In this mode the master mode controller selects the update event as
TRGO.
011: Capture/compare pulse. In this mode the master mode controller generates a
TRGO pulse when a capture or a compare match occurred.
100: Compare. In this mode the master mode controller selects the OOCPRE
signal is used as TRGO
101: Compare. In this mode the master mode controller selects the O1CPRE
signal is used as TRGO
110: Compare. In this mode the master mode controller selects the O2CPRE
signal is used as TRGO
111: Compare. In this mode the master mode controller selects the O3CPRE
signal is used as TRGO

3 DMAS DMA request source selection
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0: DMA request of channel x is sent when channel x event occurs.
1: DMA request of channel x is sent when update event occurs.
2:0 Reserved Must be kept at reset value.
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 11 10 9 8 7 6 5 4 3 2 1 0
‘ ETP | SMC1 | ETPSC[1:0] ETFC[3:0] ‘ 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 high level or rising edge.
1: ETl is active at low level or falling edge.
14 SMC1 Part of SMC for enable External clock model.
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.
It is possible to simultaneously use external clock mode 1 with the restart mode,
pause mode or event mode. But the TRGS bits must not be 3'b111 in this case.
The external clock input will be ETIFP if external clock mode 0 and external clock
mode 1 are enabled at the same time.
Note: External clock mode 0 enable is in this register's SMC bit-filed.
13:12 ETPSC[1:0] External trigger prescaler

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: ETIFP frequency will be divided by 2

10: ETIFP frequency will be divided by 4
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11:8

6:4

ETFC[3:0]

MSM

TRGS[2:0]

Reserved

11: ETIFP frequency will be divided by 8

External trigger filter control

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample ETIFP
signal and the length of the digital filter applied to ETIFP.

0000: Filter disabled. fsawp= fors, N=1.

0001: fsamp= friver_ck, N=2.

0010: fsamp= friver_ck, N=4.

0011: fsamp= frimer_ck, N=8.

0100: fsamp=fprs/2, N=6.

0101: fsamp=foTs/2, N=8.

0110: fsamp=fprs/4, N=6.

0111: fsamp=fors/4, N=8.

1000: fsamp=fpTs/8, N=6.

1001: fsamp=fpTs/8, N=8.

1010: fsamp=fpTs/16, N=5.

1011: fsamp=fpTs/16, N=6.

1100: fsamp=fpTs/16, N=8.

1101: fsamp=fpTs/32, N=5.

1110: fsamp=foTs/32, N=6.

1111: fsamp=foTs/32, N=8.

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

Trigger selection

This bit-field specifies which signal is selected as the trigger input, which is used to
synchronize the counter.

000: Internal trigger input O (ITI0)

001: Internal trigger input 1 (ITI1)

010: Internal trigger input 2 (IT12)

011: Internal trigger input 3 (ITI3)

100: CIO edge flag (CIOF_ED)

101: channel 0 input Filtered output (CIOFEO)

110: channel 1 input Filtered output (CILFE1)

111: External trigger input filter output(ETIFP)

These bits must not be changed when slave mode is enabled.

Must be kept at reset value.
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2:0 SMCJ2:0] 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: Quadrature decoder mode 0.The counter counts on CILFEL edge, while the
direction depends on CIOFEO level.
010: Quadrature decoder mode 1.The counter counts on CIOFEOQ edge, while the
direction depends on CI1FEL1 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 the shadow registers are
updated 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 when it is low.
110: Event mode. A rising edge of the trigger input enables the counter. The counter
cannot be disabled by the slave mode controller.
111: External clock mode0. The counter counts on the rising edges of the selected
trigger.
DMA and interrupt enable register (TIMERx_DMAINTEN)
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 | TRGDEN | Reserved | CH3DEN | CH2DEN | CH1DEN | CHODEN | UPDEN |Reserved| TRGIE |Reserved| CH3IE CH2IE CH1IE CHOIE UPIE
rw 1\ rw rw w rw rw rw w rw w w
Bits Fields Descriptions
31:15 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
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10 CH1DEN

9 CHODEN

8 UPDEN

7 Reserved

6 TRGIE

5 Reserved

4 CHSIE

3 CHZ2IE

2 CHIIE

1 CHOIE

0 UPIE

0: disabled
1: enabled

Channel 1 capture/compare DMA request enable
0: disabled

1: enabled

Channel 0 capture/compare DMA request enable
0: disabled
1: enabled

Update DMA request enable
0: disabled
1: enabled

Must be kept at reset value.

Trigger interrupt enable
0: disabled
1: enabled

Must be kept at reset value.

Channel 3 capture/compare interrupt enable
0: disabled
1: enabled

Channel 2 capture/compare interrupt enable
0: disabled

1: enabled

Channel 1 capture/compare interrupt enable
0: disabled
1: enabled

Channel 0 capture/compare interrupt enable
0: disabled

1: enabled

Update interrupt enable
0: disabled
1: enabled

Interrupt flag register (TIMERX_INTF)

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

‘ Reserved ‘ CH3OF | CH20F ‘ CHI1O0F | CHOOF | Reserved | TRGIF |Reserved| CH3IF | CHSIF ‘ CH1IF | CHOIF ‘ UPIF ‘

rc_w0 rc_wo rc_wo rc_wo rc_w0 rc_w0 rc_w0 rc_w0 rc_w0 rc_w0

Bits Fields Descriptions

31:13 Reserved Must be kept at reset value.

12 CH3OF Channel 3 over capture flag

Refer to CHOOF description

11 CH20F Channel 2 over capture flag
Refer to CHOOF description

10 CH1OF 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 by hardware on trigger event and cleared by software. When the
slave mode controller is enabled in all modes but pause mode, an active edge on
trigger input generates a trigger event. When the slave mode controller is enabled
in pause mode both edges on trigger input generates a trigger event.
0: No trigger event occurred.
1: Trigger interrupt occurred.

5 Reserved Must be kept at reset value.

4 CH3IF Channel 3 ‘s capture/compare interrupt enable
Refer to CHOIF description

3 CH2IF Channel 2 ‘s capture/compare interrupt enable
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
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UPIF

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.
0: No Channel 1 interrupt occurred
1: Channel 1 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 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 ‘ TRGG |Reserved| CH3G ‘ CH2G | CH1G ‘ CHOG ‘ UPG |

w w w w w

Bits Fields Descriptions
317 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
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UPG

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
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 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
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] CHOCAPFLT[3:0] CHOCAPPSC[1:0]
w w w w 2 w
Output compare mode:
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 CHOCOMSEN description
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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. (CHL1EN bit in
TIMERXx_CHCTL2 register is reset).
00: Channel 1 is configured as output
01: Channel 1 is configured as input, IS1 is connected to CIOFE1
10: Channel 1 is configured as input, IS1 is connected to CI1FE1
11: Channel 1 is configured as input, IS1 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.

7 CHOCOMCEN Channel 0 output compare clear enable.
When this bit is set, the OOCPRE signal is cleared when High level is detected on
ETIF input.
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 controls the behavior of the output reference signal OOCPRE which
drives CHO_O and CHO_ON. OOCPRE is active high, while CHO_O and CHO_ON
active level 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
matches the output compare register TIMERx_CHOCV.
010: Clear the channel output. OOCPRE signal is forced low when the counter
matches the output compare register TIMERx_CHOCV.
011: Toggle on match. OOCPRE toggles when the counter matches the output
compare register TIMERx_CHOCV.
100: Force low. OOCPRE is forced low level.
101: Force high. OOCPRE is forced high level.
110: PWM mode0. When counting up, OOCPRE is high as long as the counter is
smaller than TIMERx_CHOCYV else low. When counting down, OOCPRE is low as
long as the counter is larger than TIMERXx_CHOCYV else high.
111: PWM model. When counting up, OOCPRE is low as long as the counter is
smaller than TIMERx_CHOCYV else high. When counting down, OOCPRE is high as
long as the counter is larger than TIMERx_CHOCYV else low.
When configured in PWM mode, the OOCPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison 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
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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 validating the shadow register only in single
pulse mode (SPM bit in TIMERX_CTLO register is set).

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. The minimum delay from an edge on
the trigger input to activate CHO_O output is 5 clock cycles.
1: Channel 0 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 3 clock cycles.

1:0 CHOMS[1:0] 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_CHCTL2 register is reset).).

00: Channel 0 is configured as output
01: Channel 0 is configured as input, 1SO is connected to CIOFEO
10: Channel 0 is configured as input, IS0 is connected to CI1FEO
11: Channel 0 is configured as input, IS0 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.

Input capture mode:

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:12 CH1CAPFLT[3:0] Channel 1 input capture filter control
Refer to CHOCAPFLT description

11:10 CH1CAPPSCJ1:0] 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
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An event counter is used in the digital filter, in which a transition on the output occurs

after N input events. This bit-field specifies the frequency used to sample CIO input

3.2

1:0

31

CHOCAPPSCI1:0]

CHOMSI[1:0]

signal and the length of the digital filter applied to CIO.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

This bit-field specifies the factor of the prescaler on channel 0 input. The prescaler

Filter disabled, fsavp=fprs, N=1

fsamp=fTIMER_cKk, N=2
fsamp= friMer_ck, N=4
fsamp= friMEr_ck, N=8
fsamp=fors/2, N=6
fsamp=fors/2, N=8
fsamp=fors/4, N=6
fsamp=fors/4, N=8
fsamp=fpTs/8, N=6
fsamp=fpTs/8, N=8
fsamp=fpTs/16, N=5
fsamp=fpTs/16, N=6
fsamp=fpTs/16, N=8
fsamp=fp1s/32, N=5
fsamp=fpTs/32, N=6
fsamp=fpTs/32, N=8

Channel 0 input capture prescaler

is reset when CHOEN bit in TIMERX_CHCTLZ2 register is clear.
00: Prescaler disable, capture is done on each channel input edge

01: Capture is done every 2 channel input edges

10: Capture is done every 4 channel input edges

11: Capture is done every 8 channel input edges

Channel 0 mode selection

Same as Output compare mode

Channel control register 1 (TIMERx_CHCTL1)

Address offset: 0x1C
Reset value: 0x0000 0000

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

30 29 28

27 26

25 24 23

22 21 20

19 18

17 16

Reserved

15

14 13 12

11

10

9 8 7

6 5 4

3

2

CH3COM
CEN

CH3COMCTL[2:0]

CH3COM
SEN

CH3COM
FEN

CH3CAPFLT[3:0]

CH3CAPPSC[1:0]

CH2COM

CH3MS[1:0] CEN

CH2COMCTL[2:0]

CH2COM
SEN

CH2COM
FEN

CH2CAPFLT[3:0]

CH2CAPPSC[1:0]

CH2MS[1:0]

w

w

w

w
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Output compare mode:
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 CHOCOMSEN 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 configured as output
01: Channel 3 is configured as input, 1S3 is connected to CI2FE3
10: Channel 3 is configured as input, IS3 is connected to CI3FE3
11: Channel 3 is configured as input, IS3 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERx_SMCFG
register.
7 CH2COMCEN Channel 2 output compare clear enable.
When this bit is set, the O2CPRE signal is cleared when High level is detected on
ETIF input.
0: Channel 2 output compare clear disable
1: Channel 2 output compare clear enable
6:4 CH2COMCTL[2:0] Channel 2 compare output control

This bit-field controls the behavior of the output reference signal O2CPRE which
drives CH2_O and CH2_ON. O2CPRE is active high, while CH2_O and CH2_ON
active level depends on CH2P and CH2NP 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
matches the output compare register TIMERx_CH2CV.

010: Clear the channel output. O2CPRE signal is forced low when the counter
matches the output compare register TIMERx_CH2CV.

011: Toggle on match. O2CPRE toggles when the counter matches the output
compare register TIMERx_CH2CV.

372



<

GigaDevice GD32F10x User Manual
100: Force low. O2CPRE is forced low level.
101: Force high. O2CPRE is forced high level.
110: PWM mode 0. When counting up, O2CPRE is high as long as the counter is
smaller than TIMERXx_CH2CV else low. When counting down, O2CPRE is low as
long as the counter is larger than TIMERx_CH2CV else high.
111: PWM mode 1. When counting up, O2CPRE is low as long as the counter is
smaller than TIMERx_CH2CYV else high. When counting down, O2CPRE is high as
long as the counter is larger than TIMERXx_CH2CV else low.
When configured in PWM mode, the O2CPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison 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_CH2CYV 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 validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).
This bit cannot be modified when PROT [1:0] bit-filed in TIMERx_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 PWML1 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. The minimum delay from an edge on
the trigger input to activate CH2_O output is 5 clock cycles.
1: Channel 2 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CH2_O output is 3 clock cycles.

1:0 CH2MS[1:0] Channel 2 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. (CH2EN bit in
TIMERX_CHCTL2 register is reset).).

00: Channel 2 is configured as output

01: Channel 2 is configured as input, 1S2 is connected to CI2FE2

10: Channel 2 is configured as input, IS2 is connected to CI3FE2

11: Channel 2 is configured as input, IS2 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG
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Bits

Input capture mode:

Fields

register.

Descriptions

31:16

15:12

11:10

9:8

74

3.2

1:0

Reserved

CH3CAPFLT[3:0]

CH3CAPPSCI1:0]

CH3MS[1:0]

CH2CAPFLT[3:0]

CH2CAPPSC[1:0]

CH2MSI[1:0]

Must be kept at reset value

Channel 3 input capture filter control
Refer to CHOCAPFLT description

Channel 3 input capture prescaler
Refer to CHOCAPPSC description

Channel 3 mode selection
Same as Output compare mode

Channel 2 input capture filter control

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CI2 input
signal and the length of the digital filter applied to CI2.

0000: Filter disable, fsamp=fors, N=1

0001: fsamp=friver_ck, N=2

0010: fsamp= friver_ck, N=4

0011: fsamp= friver_ck, N=8

0100: fsamp=foTs/2, N=6

0101: fsamp=fprs/2, N=8

0110: fsamp=fprs/4, N=6

0111: fsamp=fpors/4, N=8

1000: fsamp=foTs/8, N=6

1001: fsamp=foTs/8, N=8

1010: fsamp=fprs/16, N=5

1011: fsamp=fprs/16, N=6

1100: fsamp=fprs/16, N=8

1101: fsamp=fprs/32, N=5

1110: fsamp=fprs/32, N=6

1111: fsamp=fprs/32, N=8

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_CHCTLZ2 register is clear.

00: Prescaler disable, capture is done on each channel input edge

01: Capture is done every 2 channel input edges

10: Capture is done every 4 channel input edges

11: Capture is done every 8 channel input edges

Channel 2 mode selection
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Same as output compare mode
Channel control register 2 (TIMERx_CHCTL2)
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
‘ Reserved ‘ CH3P ‘ CH3EN ‘ Reserved ‘ CH2P ‘ CH2EN ‘ Reserved ‘ CH1P ‘ CH1EN ‘ Reserved ‘ CHOP ‘ CHOEN |
Bits Fields Descriptions
31:14 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 active high
1: Channel 0 active low

When channel 0 is configured in input mode, this bit specifies the CIO signal
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polarity.
0: CIO is non-inverted. Input capture is done on a rising edge of CI0. When used
as extern trigger, CIO is non-inverted.
1: Cl0 is inverted. Input capture is done on a falling edge of CI0. When used as
extern trigger, CIO is inverted.
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 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 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
15:0 CNT[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change
the value of the counter.
Prescaler register (TIMERXx_PSC)
Address offset: 0x28
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit)
31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 11 10 9 8 7 6 5 4 3 2 1 0

PSC[15:0]
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Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 PSCJ[15:0] Prescaler value of the counter clock

The PSC 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 (TIMERXx_CAR)

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
‘ CARL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 (TIMERXx_CHOCV)

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

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

CHOVAL[15:0]
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Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

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 (TIMERXx_CH1CV)

Address offset: 0x38
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

‘ CH1VAL[15:0] |

rw

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CH1VAL[15:0] Capture or compare value of channell

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 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
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CH2VAL[15:0] |
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 (TIMERXx_CH3CV)

Address offset: 0x40
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
‘ CH3VAL[15:0]

w

Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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.

DMA configuration register (TIMERx_DMACFG)

Address offset: 0x48
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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DMATC[4:0] Reserved DMATA [4:0]
w w
Bits Fields Descriptions
31:14 Reserved Must be kept at reset value.
12:8 DMATC [4:0] DMA transfer count
This filed is defined the number of DMA will access(R/W) the register of
TIMERx_DMATB
5’b0_0000: 1 time transfer
5'b0_0001: 2 times transfer
5’b1_0001: 18 times transfer
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 + 0Ox4.
5’b0_0000: TIMERx_CTLO
5’b0_0001: TIMERx_CTLA1
5'b1_0010: TIMERx_DMACFG
In a word: Start Address = TIMERx_CTLO + DMASAR*4
DMA transfer buffer register (TIMERx_DMATB)
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
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DMATBI[15:0]
w

380



<

GigaDevice GD32F10x User Manual
Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 DMATBJ[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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15.3.

15.3.1.

15.3.2.

General levell timer (TIMERX, x=8, 11)

Overview

The general levell 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 levell time reference is a 16-bit counter that

can be used as an unsigned counter.

In addition, the general levell 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.

The general levell timer module (Timer8, 11) is available only in the GD32F10x_XD devices.

Characteristics

Total channel num: 2.

Counter width: 16bit.

Source of count clock is selectable:

internal clock, internal trigger, external input, external trigger.

Multiple counter modes: count up, count down, count up/down.

Programmable prescaler: 16 bit. Factor can be changed on the go.

Each channel is user-configurable:

Input capture mode, Output compare mode, Programmable PWM mode, Single pulse
mode

Auto-reload function.

Interrupt output on: update, trigger event, and compare/capture event.

Daisy chaining of timer modules to allow a single timer to initiate multiple timing events.
Timer synchronization allows selected timers to start counting on the same clock cycle.
Timer Master/Slave mode controller.
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15.3.8.

15.3.4.

Block diagram

Figure 15-50. General levell timer block diagram provides details on the internal

configuration of the general levell timer.

Figure 15-50. General levell timer block diagram
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Function overview

Clock selection

The general levell TIMER has the capability of being clocked by either the CK_TIMER or an
alternate clock source controlled by SMC (TIMERXx_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 slave mode is disabled (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 slave mode controller is enabled by setting SMC [2:0] in the TIMERXx_SMCFG register
to an available value including 0x1, 0x2, 0x3 and Ox7, 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 slave mode selection bits SMC are set to 0x4, Ox5 or 0x6, the internal clock
TIMER_CK is the counter prescaler driving clock source.
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Figure 15-51. Normal mode, 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 Ox7 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
ITIO/1/2/3. This mode can be selected by setting SMC [2:0] to 0x7 and the TRGS [2:0] to 0x0,
0x1, Ox2 or 0x3.

B SMC1== 1'b1 (external clock mode 1). External input pin source (ETI)

The TIMER _CK, driven 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 set the SMC [2:0] to 0x7 and the TRGS [2:0] to Ox7 respectively. Note that the ETI signal
is derived from the ETI pin sampled by a digital filter. When the clock source is selected to
come from the ETI signal, the Trigger Controller including the edge detection circuitry will
generate a clock pulse during each ETI signal rising edge to clock the counter prescaler.

Prescaler

The prescaler can divide the timer clock (TIMER_CK) to the counter clock (PSC_CLK by any
factor between 1 and 65536. It is controlled through prescaler register (TIMERx_PSC) which
can be changed on the go but be taken into account at the next update event.
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Figure 15-52. Counter timing diagram with prescaler division change from 1 to 2
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Up counting mode

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 restarts to count once again from 0. 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 registers (repetition 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=0x63.
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Figure 15-53. Up-counter timechart, PSC=0/1

CEN

TIMERx_PSC PSC ==

Update event (UPE)

enrree e [seX ool e saX sl ook X ook oK oK oK oK)

—

Update interrupt flag (UPIF)

Hardware se\

TIMERXx_PSC PSC == 1

Update event (UPE)

CNT_CLK(PSC_CLK)
oNT_Res o o0 X e X e X s X o0 X o X e X o D

Il

Update interrupt flag (UPIF)

Hardware set\ |A’ Software clear

Figure 15-54. Up-counter timechart, change
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Down counting mode

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 restarts to count again from the counter-reload value. If the repetition
counter is set, the update event will be generated after (TIMERXx_CREP+1) times of underflow.
Otherwise the update event is generated each time when underflows. 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 registers (repetition counter, auto reload register,
prescaler register) are updated.

The following figures show some examples of the counter behavior in different clock
frequencies when TIMERx_CAR=0x63.

Figure 15-55. Down-counter timechart, PSC=0/1
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Figure 15-56. Down-counter timechart, change TIMERX_CAR on the go
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Center-aligned counting mode

In the center-aligned counting mode, the counter counts up from 0 to the counter-reload value
and then counts down to O 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. The counting direction is updated by
hardware automatically.

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 15-57. 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 registers (repetition counter, auto-reload register,
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prescaler register) are updated.

Figure 15-57. Center-aligned counter timechart show some examples of the counter
behavior when TIMERX_CAR=0x63. TIMERX_PSC=0x0

Figure 15-57. Center-aligned counter timechart
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Capture/compare channels

The general levell 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.

Input capture mode

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

CHXxIE = 1.
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Figure 15-58. Input capture logic
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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, CHxVAL will restore the
value of Counter.

So the process can be divided to several steps as below:

Step1l: 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_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_CHxXCV 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
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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_CHXx pins. For example, PWM signal connect to CI0 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 CHLIMS 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 TIMERXx_CH1CV can measure the PWM duty.

Output compare mode

In Output Compare mode, the TIMERX can generate timed pulses with programmable
position, polarity, duration, and frequency. When the counter matches the value in the
CHXxVAL 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 CHxXIE = 1. And the
DMA request will be assert, if CxCDE=1.

So the process can be divided to several steps as below:
Stepl: 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 CHxVAL, you can change it on the go to meet the waveform you expected.

Stepb5: 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 15-59. Output-compare under three modes
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PWM mode

In the output PWM mode (by setting the CHXCOMCTL bits to 3’'b110 (PWM mode0) or to 3'b
111(PWM model), the channel can outputs PWM waveform according to the TIMERX_CAR
registers and TIMERx_CHXCV 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 TIMERXx_CAR and duty cycle is by TIMERx_CHXCV.
Figure 15-60. 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*TIMERXx_CHXxCV. Fiqure 15-61. CAPWM timechart shows the CAPWM output and
interrupt waveform.

If TIMERXx_CHXCV is greater than TIMERx_CAR, the output will be always active under PWM
mode0 (CHXCOMCTL==3'b110).

And if TIMERx_CHXxCV is equal to zero, the output will be always inactive under PWM mode0
(CHXCOMCTL==3'b110).
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Figure 15-60. EAPWM timechart
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Figure 15-61. CAPWM timechart
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Channel output reference 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
CHxCOMCTL field to 0x00, set to 1 by setting the CHXCOMCTL field to 0x01, set to O 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_CHXCYV register.

The PWM mode 0 and PWM mode 1 outputs are also another kind of OXCPRE output which
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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 TIMERXx_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 CHxXCOMCTL 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_CHXCV values.

The OxCPRE signal can be forced to 0 when the ETIFP 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.

Slave controller

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_SMCEFG register. The trigger input of these modes can be selected by the TRGS
[2:0] in the TIMERX_SMCEFG register.

Table 15-7. Slave controller examples

Mode Selection Source Selection Polarity Selection Filter and Prescaler
TRGS[2:0] _
LIST [SMC[2:0] 000: ITI0 If you choose the CIOFEO or|For the ITIx no filter and

3'b100 (restart mode) [001: ITI1

010: ITI2 ] ) For the CIx, 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 If you choose the ETIF,

CI1FE1, configure the|prescaler can be used.
CHxP and CHxNP for the

For the ETIF, configure
Filter by ETFC and
Prescaler by ETPSC.

110: CI1FE1 configure the ETP for
111: ETIFP polarity  selection and

inversion.

Examl |Restart mode - -

The counter can be can be used.
clear and restart when a

rising trigger input.

TRGS[2:0]=3'b000

) For ITIO, no polarity selector ]
ITIO is the For the ITIO, no filter and

selection. prescaler can be used.
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Mode Selection Source Selection Polarity Selection Filter and Prescaler
Figure 15-62. Restart mode
TIMER_CK —|_
CEN
CNT_REG st X seX X 61X 62X 63X 00X o1 0‘ (00X 02 o2)
UPIF |
ITIO |_
Internal sync delay
TRGIF —
Exam2 |Pause mode TI0S=0. (Non-xor) Filter is bypass in this

TRGS[2:0]=3'b101

can be|CIOFEO is
paused when the trigger|selection.

The counter the

input is low. only.

[CHONP==0, CHOP==0]
no inverted. Capture will be

sensitive to the rising edge

example.

Figure 15-63. Pause mode

rmer_ck | | L

CEN

CNT_REG 5E

5FA 60,

Clo

CIOFEO

61, 62>< 63

TRGIF

|‘/

Exam3

TRGS[2:0]=3"b111
Event mode

The counter will start to|ETIF is the

count when a rising|selection.

trigger input.

ETP = 0 no polarity change.

ETPSC =1, divided by 2.

ETFC =0, nofilter
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Mode Selection Source Selection Polarity Selection Filter and Prescaler

Figure 15-64. 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 automatically. 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. If the CEN bit is automatically cleared to 0 by a hardware update
event, the counter will be reinitialized.

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.
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Figure 15-65. Single pulse mode TIMERx_CHxCV = 0x04 TIMERx_CAR=0x60
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Timers interconnection

Refer to Advanced timer (TIMERX, x=0, 7).

Timer debug mode

When the Cortex™-M3 halted, and the TIMERXx_HOLD configuration bitin DBG_CTL register
set to 1, the TIMERX counter stops.
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15.3.5. Register definition

Control register 0 (TIMERx_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
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] | DIR ‘ SPM | UPS ‘ UPDIS ‘ CEN |
w w w 12 12 w w w
Bits Fields Descriptions
31:10 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 ratio between
the timer clock (TIMER_CK) and the dead-time and sampling clock (DTS), which
is used by the dead-time generators and the digital filters.

00: fors=frimMer_ck

01: fors= frimMer_ck /2

10: fors= friMer_ck /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_CHCTLO register). Only when the counter is counting down, compare
interrupt flag of channels 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 the counter is counting up, compare
interrupt flag of channels 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
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4 DIR

3 SPM

2 UPS

1 UPDIS

0 CEN

TIMERXx_CHCTLO register). Both when the counter is counting up and counting
down, compare interrupt flag of channels can be set.

After the counter is enabled, cannot be switched from 0x00 to non 0x00.
Direction

0: Count up

1: Count down

This bit is read only when the timer is configured in center-aligned mode or
encoder mode.

Single pulse mode.

0: Single pulse mode disable. Counter continues after update event.

1: Single pulse mode enable. The CEN is cleared by hardware and the counter
stops at next update event.

Update source
This bit is used to select the update event sources by software.
0: When enabled, any of the following events generate an update interrupt or DMA
request:

- The UPG bit is set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: When enabled, only counter overflow/underflow generates an update interrupt
or DMA request.

Update disable.
This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers
are loaded with their preloaded values when one of the following events occurs:

- The UPG bitis set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller

generates a hardware reset event.

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. While in event mode, the hardware can set the CEN bit

automatically.

Slave mode configuration register (TIMERx_SMCFG)

Address offset: 0x08
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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 | MSM | TRGS[2:0] Reserved SMCJ2:0]

w w w

Bits Fields Descriptions
31:8 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: Internal trigger input O (ITI0)
001: Internal trigger input 1 (ITI1)
010: Internal trigger input 2 (IT12)
011: Internal trigger input 3 (ITI3)
100: CIO edge flag (CIOF_ED)
101: channel O input Filtered output (CIOFEO)
110: channel 1 input Filtered output (CILFE1)
111: External trigger input filter output(ETIFP)
These bits must not be changed when slave mode is enabled.

3 Reserved Must be kept at reset value.

2:0 SMCJ2:0] 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: Quadrature decoder mode 0.The counter counts on CI1FE1 edge, while the
direction depends on CIOFEOQ level.
010: Quadrature decoder mode 1.The counter counts on CIOFEO edge, while the
direction depends on CI1FEL1 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 the shadow registers are
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updated 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 when it is low.

110: Event mode. A rising edge of the trigger input enables the counter. The
counter cannot be disabled by the slave mode controller.

111: External clock mode0. The counter counts on the rising edges of the selected

trigger.

Interrupt enable register (TIMERXx_DMAINTEN)

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 TRGIE Reserved CHIIE CHOIE UPIE
rw rw w w
Bits Fields Descriptions
317 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
0: disabled
1: enabled
0 UPIE Update interrupt enable
0: disabled
1: enabled

Interrupt flag register (TIMERX_INTF)

Address offset: 0x10
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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 ‘ CH10F | CHOOF | Reserved | TRGIF | Reserved CH1IF | CHOIF ‘ UPIF ‘
rc_wo rc_wo rc_w0 rc_w0 rc_w0 rc_w0
Bits Fields Descriptions
31:11 Reserved Must be kept at reset value.
10 CH1OF 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 by hardware on trigger event and cleared by software. When the
slave mode controller is enabled in all modes but pause mode, an active edge on
trigger input generates a trigger event. When the slave mode controller is enabled
in pause mode both edges on trigger input 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 O is in output
mode, this flag is set when a compare event occurs.
0: No Channel 1 interrupt occurred
1: Channel 1 interrupt occurred
0 UPIF Update interrupt flag

This bit is set by hardware on an update event and cleared by software.
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0: No update interrupt occurred
1: Update interrupt occurred
Software event generation register (TIMERx_SWEVG)
Address offset: 0x14
Reset value: 0x0000 0000
This register has to be accessed by 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
‘ ‘ TRGG ‘ Reserved. ‘ CH1G ‘ CHOG ‘ UPG ‘
w w w w
Bits Fields Descriptions
317 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
5:3 Reserved Must be kept at reset value.
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. The prescaler counter is cleared at the same
time.

0: No generate an update event
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1: Generate an update event
Channel control register 0 (TIMERXx_CHCTLO)
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
CH1COM CH1COM |CH1COM CHOCOM CHOCOM | CHOCOM
CH1COMCTL[2:0] CHOCOMCTL[2:0]
CEN SEN FEN CH1MS[1:0] CEN SEN FEN CHOMS[1:0]
CH1CAPFLT[3:0] CH1CAPPSC[1:0] CHOCAPFLT[3:0] CHOCAPPSCJ[1:0]
w w rw I\ w w

Bits

Output compare mode:

Fields

Descriptions

31:16

15

Reserved

CH1COMCEN

Must be kept at reset value

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 CHOCOMSEN 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
TIMERXx_CHCTL2 register is reset).

00: Channel 1 is configured as output

01: Channel 1 is configured as input, IS1 is connected to CIOFE1

10: Channel 1 is configured as input, IS1 is connected to CI1FE1

11: Channel 1 is configured as input, IS1 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG

register.

7 CHOCOMCEN Channel 0 output compare clear enable.
When this bit is set, the OOCPRE signal is cleared when High level is detected on
ETIF input.
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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 controls the behavior of the output reference signal OOCPRE which
drives CHO_O and CHO_ON. OOCPRE is active high, while CHO_O and CHO_ON
active level 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
matches the output compare register TIMERx_CHOCV.
010: Clear the channel output. OOCPRE signal is forced low when the counter
matches the output compare register TIMERx_CHOCV.
011: Toggle on match. OOCPRE toggles when the counter matches the output
compare register TIMERx_CHOCV.
100: Force low. OOCPRE is forced low level.
101: Force high. OOCPRE is forced high level.
110: PWM mode0. When counting up, OOCPRE is high as long as the counter is
smaller than TIMERX_CHOCYV else low. When counting down, O0OCPRE is low as
long as the counter is larger than TIMERx_CHOCYV else high.
111: PWM model. When counting up, OOCPRE is low as long as the counter is
smaller than TIMERx_CHOCYV else high. When counting down, OOCPRE is high as
long as the counter is larger than TIMERXx_CHOCYV else low.
When configured in PWM mode, the OOCPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison 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 validating the shadow register only in single
pulse mode (SPM bit in TIMERx_CTLO register is set).
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
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result of the comparison.
0: Channel 0 output quickly compare disable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 5 clock cycles.
1: Channel 0 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 3 clock cycles.

1.0 CHOMS[1:0] 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_CHCTL2 register is reset).).
00: Channel 0 is configured as output
01: Channel 0 is configured as input, 1SO is connected to CIOFEOQ
10: Channel 0 is configured as input, IS0 is connected to CILFEO
11: Channel 0 is configured as input, IS0 is connected to ITS. This mode is working
only if an internal trigger input is selected through TRGS bits in TIMERX_SMCFG
register.

Input capture mode:

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:12 CH1CAPFLT[3:0] Channel 1 input capture filter control
Refer to CHOCAPFLT description

11:10 CH1CAPPSCJ1:0] 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

An event counter is used in the digital filter, in which a transition on the output occurs
after N input events. This bit-field specifies the frequency used to sample CIO input
signal and the length of the digital filter applied to CIO.

0000: Filter disabled, fsamp=fprs, N=1

0001: fsamp=friver_ck, N=2

0010: fsamp= friver_ck, N=4

0011: fsamp= frimer_ck, N=8

0100: fsamp=fprs/2, N=6

0101: fsamp=fprs/2, N=8

0110: fsamp=fprs/4, N=6

0111: fsamp=fprs/4, N=8

1000: fsamp=foTs/8, N=6

1001: fsamp=foTs/8, N=8

1010: fsamp=fprs/16, N=5
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1011: fsamp=foTs/16, N=6
1100: fsamp=foTs/16, N=8
1101: fsamp=foTs/32, N=5
1110: fsamp=foTs/32, N=6
1111: fsamp=fors/32, N=8

3:2 CHOCAPPSC[1:0] 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, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4 channel input edges
11: Capture is done every 8 channel input edges

1:0 CHOMS[1:0] Channel 0 mode selection
Same as Output compare mode

Channel control register 2 (TIMERXx_CHCTLZ2)

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
‘ Reserved ‘ CH1P ‘ CHI1EN | Reserved ‘ CHOP ‘ CHOEN ‘
1\ rw w w
Bits Fields Descriptions
316 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

3:2 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 active high
1: Channel 0 active low
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When channel 0 is configured in input mode, this bit specifies the CIO signal
polarity.

0: CIO is non-inverted. Input capture is done on a rising edge of CI0. When used
as extern trigger, CIO is non-inverted.

1: Cl0 is inverted. Input capture is done on a falling edge of CI0. When used as
extern trigger, CIO is inverted.

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 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

‘ CNT[15:0]

w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CNT[15:0] This bit-filed indicates the current counter value. Writing to this bit-filed can change
the value of the counter.

Prescaler register (TIMERXx_PSC)
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
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‘ PSC[15:0]
rw
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 PSCJ[15:0] Prescaler value of the counter clock

The PSC 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 (TIMERXx_CAR)

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
‘ CARL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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 (TIMERXx_CHOCV)

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

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

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CHOVAL[15:0] Capture or compare value of channel0

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 (TIMERXx_CH1CV)

Address offset: 0x38
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

‘ CH1VAL[15:0] ‘

w

Bits Fields Descriptions

31:16 Reserved Must be kept at reset value

15:0 CH1VALJ[15:0] Capture or compare value of channell

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.
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15.4. General level2 timer (TIMERX, x=9, 10, 12, 13)
15.4.1. 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.
The general level2 timer module (Timer9, 10, 12, 13) is available only in the GD32F10x_XD
devices.
15.4.2. Characteristics
B Total channel num: 1.
B Counter width: 16bit.
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 Programmable prescaler: 16 bit. Factor can be changed on the go.
B Each channel is user-configurable:
Input capture mode, output compare mode and programmable PWM mode.
B Auto-reload function.
B Interrupt output on: update, trigger event, and compare/capture event.
15.4.3. Block diagram

Figure 15-66. General level2 timer block diagram provides details on the internal

configuration of the general level2 timer.
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Figure 15-66. General level2 timer block diagram
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Trigger Interrupt collector < compare, PWM,and mixed modes CHO_O
Intory - according to initialization, softwarel—
Capgom output mask, and polarity control
15.4.4. Function overview

Clock selection

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
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Figure 15-67. Normal mode, internal clock divided by 1
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Prescaler

The prescaler can divide the timer clock (TIMER_CK) to the counter clock (PSC_CLK by any
factor between 1 and 65536. It is controlled through prescaler register (TIMERX_PSC) which
can be changed on the go but be taken into account at the next update event.

Figure 15-68. Counter timing diagram with prescaler division change from 1 to 2
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Up counting mode

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 restarts to count once again from 0. 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 registers (repetition 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=0x63.

Figure 15-69. Up-counter timechart, PSC=0/1
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Figure 15-70. Up-counter timechart, change TIMERXx_CAR on the go
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Down counting mode

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 restarts to count again from the counter-reload value. If the repetition
counter is set, the update event will be generated after (TIMERXx_CREP+1) times of underflow.
Otherwise the update event is generated each time when underflows. 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 registers (repetition counter, auto reload register,
prescaler register) are updated.
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The following figures show some examples of the counter behavior in different clock
frequencies when TIMERx_CAR=0x63.

Figure 15-71. Down-counter timechart, PSC=0/1
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Figure 15-72. Down-counter timechart, change TIMERX_CAR on the go
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Center-aligned counting mode

In the center-aligned counting mode, the counter counts up from 0 to the counter-reload value
and then counts down to O 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. The counting direction is updated by
hardware automatically.

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 15-73. 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 registers (repetition counter, auto-reload register,
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prescaler register) are updated.

Figure 15-73. Center-aligned counter timechart show some examples of the counter
behavior when TIMERX_CAR=0x63. TIMERX_PSC=0x0

Figure 15-73. Center-aligned counter timechart
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Capture/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.

Input capture mode

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

CHXxIE = 1.
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Figure 15-74. Input capture logic
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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, CHxVAL will restore the
value of Counter.

So the process can be divided to several steps as below:
Stepl: 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_CHCTLZ2)
Rising or falling edge, choose one by CHxXP/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_CHXxCV 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
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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 CI0 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 CHLIMS 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.

Output compare mode

In Output Compare mode, the TIMERX can generate timed pulses with programmable
position, polarity, duration, and frequency. When the counter matches the value in the
CHXxVAL register of an output compare channel, the channel (n) output can be set, cleared,
or toggled based on CHXxCOMCTL. when the counter reaches the value in the CHxVAL
register, the CHXxIF bit is set and the channel (n) interrupt is generated if CHXIE = 1.

So the process can be divided to several steps as below:
Stepl: 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.

Stepb5: 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 15-75. Output-compare under three modes
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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
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_CHXCYV 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_CHXxCV 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 CHxXCOMCTL 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_CHXCYV values.

The OxCPRE signal can be forced to 0 when the ETIFP 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
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update event occurs.

Timer debug mode

When the Cortex™-M3 halted, and the TIMERX_HOLD configuration bitin DBG_CTL register
set to 1, the TIMERX counter stops.
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15.4.5. Register definition

Control register 0 (TIMERx_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
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved CKDIV[1:0] ‘ ARSE ‘ CAM[1:0] | DIR Reserved UPS ‘ UPDIS ‘ CEN |
w w w 12 w w w
Bits Fields Descriptions
31:10 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 ratio between
the timer clock (TIMER_CK) and the dead-time and sampling clock (DTS), which
is used by the dead-time generators and the digital filters.

00: fors=frimMer_ck

01: fors= frimMer_ck /2

10: fors= friMer_ck /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_CHCTLO register). Only when the counter is counting down, compare
interrupt flag of channels 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 the counter is counting up, compare
interrupt flag of channels 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
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4 DIR

3 Reserved

2 UPS

1 UPDIS

0 CEN

TIMERXx_CHCTLO register). Both when the counter is counting up and counting
down, compare interrupt flag of channels can be set.

After the counter is enabled, cannot be switched from 0x00 to non 0x00.
Direction

0: Count up

1: Count down

This bit is read only when the timer is configured in center-aligned mode or
encoder mode.

Must be kept at reset value

Update source
This bit is used to select the update event sources by software.
0: When enabled, any of the following events generate an update interrupt or DMA
request:

- The UPG bit is set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: When enabled, only counter overflow/underflow generates an update interrupt
or DMA request.

Update disable.
This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers
are loaded with their preloaded values when one of the following events occurs:

- The UPG bitis set

- The counter generates an overflow or underflow event

- The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller

generates a hardware reset event.

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. While in event mode, the hardware can set the CEN bit

automatically.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved MMCJ2:0] Reserved

w

Bits Fields Descriptions
317 Reserved Must be kept at reset value
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: Reset. When the UPG bit in the TIMERX_SWEVG register is set or a reset is
generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.

001: Enable. This mode is useful to start several timers at the same time or to
control a window in which a slave timer is enabled. In this mode the master mode
controller selects the counter enable signal TIMERX_EN as TRGO. The counter
enable signal is set when CEN control bit is set or the trigger input in pause mode
is high. There is a delay between the trigger input in pause mode and the TRGO
output, except if the master-slave mode is selected.

010: Update. In this mode the master mode controller selects the update event as
TRGO.

011: Capture/compare pulse. In this mode the master mode controller generates a
TRGO pulse when a capture or a compare match occurred.

100: Compare. In this mode the master mode controller selects the OOCPRE
signal is used as TRGO

101: Compare. In this mode the master mode controller selects the O1CPRE
signal is used as TRGO

110: Compare. In this mode the master mode controller selects the O2CPRE
signal is used as TRGO

111: Compare. In this mode the master mode controller selects the O3CPRE
signal is used as TRGO

3:0 Reserved Must be kept at reset value.

Interrupt enable register (TIMERXx_DMAINTEN)

Address offset: 0x0C
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 ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved CHOIE UPIE
w w
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
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 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 ‘ CHOOF ‘ Reserved. ‘ CHOIF ‘ UPIF |
rc_wo rc_wo rc_wo
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
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
8:2 Reserved Must be kept at reset value.
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

426



<

GigaDevice GD32F10x User Manual
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.

0: No Channel 1 interrupt occurred
1: Channel 1 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 0000
This register has to be accessed by 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 ‘ CHOG ‘ UPG |
w w

Bits Fields Descriptions

31:2 Reserved Must be kept at reset value.

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. The prescaler counter is cleared at the same
time.

0: No generate an update event

1: Generate an update event
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Channel control register 0 (TIMERx_CHCTLO)
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
CHOCOM | CHOCOM
Reserved CHOCOMCTL[2:0]
Reserved. SEN FEN CHOMSJ[1:0]
CHOCAPFLT[3:0] CHOCAPPSC[1:0]
w 12 w
Output compare mode:
Bits Fields Descriptions
317 Reserved Must be kept at reset value.
6:4 CHOCOMCTL[2:0] Channel 0 compare output control

This bit-field controls the behavior of the output reference signal OOCPRE which
drives CHO_O and CHO_ON. OO0CPRE is active high, while CHO_O and CHO_ON
active level depends on CHOP and CHONP bits.

000: Timing mode. The O0OCPRE 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
matches the output compare register TIMERx_CHOCV.

010: Clear the channel output. OOCPRE signal is forced low when the counter
matches the output compare register TIMERx_CHOCV.

011: Toggle on match. OOCPRE toggles when the counter matches the output
compare register TIMERx_CHOCV.

100: Force low. OOCPRE is forced low level.

101: Force high. OOCPRE is forced high level.

110: PWM modeO. When counting up, OOCPRE is high as long as the counter is
smaller than TIMERx_CHOCYV else low. When counting down, OOCPRE is low as
long as the counter is larger than TIMERx_CHOCYV else high.

111: PWM model. When counting up, OOCPRE is low as long as the counter is
smaller than TIMERx_CHOCYV else high. When counting down, O0OCPRE is high
as long as the counter is larger than TIMERx_CHOCYV else low.

When configured in PWM mode, the OOCPRE level changes only when the output
compare mode switches from “Timing mode” mode to “PWM” mode or when the
result of the comparison 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).
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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 validating the shadow register only in single
pulse mode (SPM bit in TIMERXx_CTLO register is set).
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. The minimum delay from an edge on
the trigger input to activate CHO_O output is 5 clock cycles.
1: Channel 0 output quickly compare enable. The minimum delay from an edge on
the trigger input to activate CHO_O output is 3 clock cycles.

1:0 CHOMS[1:0] 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_CHCTL2 register is reset).).
00: Channel 0 is configured as output
01: Channel 0 is configured as input, 1S0 is connected to CIOFEO
10: Channel 0 is configured as input, IS0 is connected to CI1FEO
11: Channel 0 is configured as input, IS0 is connected to ITS. This mode is
working only if an internal trigger input is selected through TRGS bits in
TIMERX_SMCFG register.

Input capture mode:

Bits Fields Descriptions

318 Reserved Must be kept at reset value.

74 CHOCAPFLT[3:0] Channel 0 input capture filter control

An event counter is used in the digital filter, in which a transition on the output
occurs after N input events. This bit-field specifies the frequency used to sample
Cl0 input signal and the length of the digital filter applied to CIO.

0000: Filter disabled, fsamp=fors, N=1

0001: fsamp=frimer_ck, N=2

0010: fsamp= frimer_ck, N=4

0011: fsamp= friver_ck, N=8
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0100: fsamp=fors/2, N=6
0101: fsamp=fors/2, N=8
0110: fsamp=fors/4, N=6
0111: fsamp=fors/4, N=8
1000: fsamp=foTs/8, N=6
1001: fsamp=foTs/8, N=8
1010: fsamp=foTs/16, N=5
1011: fsamp=foTs/16, N=6
1100: fsamp=foTs/16, N=8
1101: fsamp=foTs/32, N=5
1110: fsamp=foTs/32, N=6
1111: fsavp=fors/32, N=8

3:2 CHOCAPPSCJ1:0] 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 TIMERXx_CHCTLZ2 register is clear.
00: Prescaler disable, capture is done on each channel input edge
01: Capture is done every 2 channel input edges
10: Capture is done every 4 channel input edges
11: Capture is done every 8 channel input edges

1:0 CHOMS[1:0] Channel 0 mode selection
Same as output compare mode

Channel control register 2 (TIMERXx_CHCTL?2)

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
‘ Reserved ‘ CHOP ‘ CHOEN |
rw w
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value
1 CHOP Channel 0 capture/compare polarity

When channel 0 is configured in output mode, this bit specifies the output signal
polarity.
0: Channel 0 active high
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1: Channel O active low

When channel 0 is configured in input mode, this bit specifies the CIO signal
polarity.

0: CIO is non-inverted. Input capture is done on a rising edge of CI0. When used
as extern trigger, CIO is non-inverted.

1: Cl0 is inverted. Input capture is done on a falling edge of CI0. When used as
extern trigger, CIO is inverted.

0 CHOEN Channel 0 capture/compare function enable
When channel 0 is configured in input mode, setting this bit enables CHO_O signal
in active state. When channel 0 is configured in output mode, setting this bit
enables the capture event in channelO.
0: Channel 0 disabled
1: Channel O enabled

Counter register (TIMERx_CNT)

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

‘ 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
15:0 CNT[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 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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‘ PSC[15:0]
I\
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 PSCJ[15:0] Prescaler value of the counter clock

The PSC 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 (TIMERXx_CAR)

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
‘ CARL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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_CHOCV)

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ CHOVAL[15:0]
I\
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CHOVAL[15:0] Capture or compare value of channel0

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.
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15.5. Basic timer (TIMERX, x=5, 6)

15.5.1. Overview

The basic timer module (Timer5, 6) reference is a 16-bit counter that can be used as an
unsigned counter. The basic timer can be configured to generate DMA request and TRGO to
DAC.

15.5.2. Characteristics

Counter width: 16bit.

Source of count clock is internal clock only.

Multiple counter modes: count up.

Programmable prescaler: 16 bit. Factor can be changed on the go.
Single pulse mode is supported.

Auto-reload function.

Interrupt output or DMA request on update event.

15.5.3. Block diagram

Figure 15-76. Basic timer block diagram provides details on the internal configuration of
the basic timer.

Figure 15-76. Basic timer block diagram

CKTIMER [ Trigger processor
TIMER_CK PSC_CLK
I——

PSC — Counter

«—|Trigger Selector&Counter

TIMERX_TRGO T T T
APB BUS Register /Interrupt CAR

Update | Register set and update
<MC ' Interrupt collector
- -—

UPIE

15.5.4. Function overview

Clock selection

The basic TIMER can only being clocked by the internal timer clock CK_TIMER, which is from
the source named CK_TIMER in RCU
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The TIMER_CK, driven counter’s prescaler to count, is equal to 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.

Figure 15-77. Normal mode, internal clock divided by 1
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Prescaler

The prescaler can divide the timer clock (TIMER_CK) to the counter clock (PSC_CLK by any
factor between 1 and 65536. It is controlled through prescaler register (TIMERXx_PSC) which

can be changed on the go but be taken into account at the next update event.
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Figure 15-78. Counter timing diagram with prescaler division change from 1 to 2
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Up counting mode

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 restarts to count once again from 0.The update event is
generated at each counter overflow.

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 set the UPDIS bit in TIMERx_CTLO register, the update event is disabled.

When an update event occurs, all the registers (repetition 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=0x63.
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Figure 15-79. Up-counter timechart, PSC=0/1
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Figure 15-80. Up-counter timechart, change

TIMERX_CAR on the go

Uyt

CEN

CNT_CLK(PSC_CLK)

ARSE =0

CNT_REG 5E @@@@ 63

Update event (UPE)

Uyt

(XX KX oK oK oK)
—

Hardw: t
Update interrupt flag (UPIF) araware set ~y|

Auto-reload register 65 x 63

ARSE=1

Update event (UPE)

change CAR Vaule

=

CNT_REG 5E @@@@@@ 6! @@@'@ 5
Update interrupt flag (UPIF) Hardware set ~al :Soﬂware clear ?
Hardware set

Auto-reload register 65 63

change CAR Vaule

Auto-reload shadow register

65 63

437



<

GigaDevice GD32F10x User Manual

Timer debug mode

When the Cortex™-M3 halted, and the TIMERXx_HOLD configuration bitin DBG_CTL register
set to 1, the TIMERX counter stops.
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15.5.5. Register definition

Control register 0 (TIMERx_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
‘ Reserved |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ ARSE ‘ Reserved ‘ SPM ‘ UPS ‘ UPDIS ‘ CEN |
w 12 12 w w
Bits Fields Descriptions
318 Reserved Must be kept at reset value
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. Counter continues after update event.
1: Single pulse mode enable. The CEN is cleared by hardware and the counter

stops at next update event.

2 UPS Update source
This bit is used to select the update event sources by software.
0: When enabled, any of the following events generate an update interrupt or DMA
request:
- The UPG bit is set
- The counter generates an overflow or underflow event
- The slave mode controller generates an update event.
1: When enabled, only counter overflow/underflow generates an update interrupt
or DMA request.

1 UPDIS Update disable.
This bit is used to enable or disable the update event generation.
0: update event enable. The update event is generate and the buffered registers
are loaded with their preloaded values when one of the following events occurs:
- The UPG bit is set
- The counter generates an overflow or underflow event
439



<

GigaDevice GD32F10x User Manual
- The slave mode controller generates an update event.
1: update event disable. The buffered registers keep their value, while the counter
and the prescaler are reinitialized if the UG bit is set or if the slave mode controller
generates a hardware reset event.
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. While in event mode, the hardware can set the CEN bit

automatically.

Control register 1 (TIMERx_CTL1)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

Bits Fields Descriptions

317 Reserved Must be kept at reset value

6:4 MMC[2:0] Master mode control
These bits control the selection of TRGO signal, which is sent in master mode to
slave timers for synchronization function.
000: Reset. When the UPG bit in the TIMERXx_SWEVG register is set or a reset is
generated by the slave mode controller, a TRGO pulse occurs. And in the latter
case, the signal on TRGO is delayed compared to the actual reset.
001: Enable. This mode is useful to start several timers at the same time or to
control a window in which a slave timer is enabled. In this mode the master mode
controller selects the counter enable signal TIMERX_EN as TRGO. The counter
enable signal is set when CEN control bit is set or the trigger input in pause mode
is high. There is a delay between the trigger input in pause mode and the TRGO
output, except if the master-slave mode is selected.
010: Update. In this mode the master mode controller selects the update event as
TRGO.

3:0 Reserved Must be kept at reset value.
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Interrupt enable register (TIMERx_DMAINTEN)
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 UPDEN Reserved UPIE
Bits Fields Descriptions
31:9 Reserved Must be kept at reset value.
8 UPDEN Update DMA request enable
0: disabled
1: enabled
7:1 Reserved Must be kept at reset value.
0 UPIE Update interrupt enable
0: disabled
1: enabled
Interrupt flag register (TIMERX_INTF)
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 ‘ UPIF |
rc_wo
Bits Fields Descriptions
31:1 Reserved Must be kept at reset value.
0 UPIF Update interrupt flag
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0: No update interrupt occurred
1: Update interrupt occurred
Software event generation register (TIMERx_SWEVG)
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
‘ Reserved ‘ UPG |
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 UPG This bit can be set by software, and cleared by hardware automatically. When this
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
Counter register (TIMERx_CNT)
Address offset: 0x24
Reset value: 0x0000 0000
This register has to be accessed by 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
‘ CNT[15:0] |
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CNT[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 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
‘ PSC[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 PSC[15:0] Prescaler value of the counter clock
The PSC 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 (TIMERXx_CAR)
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
‘ CARL[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
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.
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16.

16.1.

16.2.

Universal synchronous/asynchronous receiver

[transmitter (USART)

Overview

The Universal Synchronous/Asynchronous Receiver/Transmitter (USART) provides a flexible
serial data exchange interface. Data frames can be transferred in full duplex or half duplex
mode, synchronously or asynchronously through this interface. A programmable baud rate
generator divides the peripheral clock (PCLK1 or PCLK2) to produce a dedicated baud rate
lock for the USART transmitter and receiver.

Besides the standard asynchronous receiver and transmitter mode, the USART implements
several other types of serial data exchange modes, such as IrDA (infrared data association)
SIR mode, smartcard mode, LIN (local interconnection network) mode, half-duplex mode and
synchronous mode. It also supports multiprocessor communication mode, and hardware flow
control protocol (CTS/RTS). The data frame can be transferred from LSB or MSB bit.

The USART supports DMA function for high-speed data communication, except UART4.

Characteristics

B NRZ standard format
B Asynchronous, full duplex communication
B Programmable baud-rate generator
- Divided from the peripheral clocks, PCLK2 for USARTO, PCLK1 for USART1/2 and
UART3/4.
- Oversampling by 16
- Maximum speed up to 6.75 MBits/s (PCLK2 108M and oversampling by 16)
®  Fully programmable serial interface characteristics:
- Even, odd or no-parity bit generation/detection
- Adata word length can be 8 or 9 bits
- 0.5,1, 1.5 or 2 stop bit generation
Transmitter and Receiver can be enabled separately
Hardware flow control protocol (CTS/RTS)
DMA request for data buffer access
LIN Break generation and detection
IrDA Support
Synchronous mode and transmitter clock output for synchronous transmission

ISO 7816-3 compliant smartcard interface

- Character mode (T=0)

B Multiprocessor communication
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- Enter into mute mode if address match does not occur

- Wake up from mute mode by idle frame or address match detection
B Various status flags:

- Flags for transfer detection: Receive buffer not empty (RBNE), Transmit buffer
empty (TBE), transfer complete (TC).

- Flags for error detection: overrun error (ORERR), noise error (NERR), frame error
(FERR) and parity error (PERR)

- Flag for hardware flow control: CTS changes (CTSF)

- Flag for LIN mode: LIN break detected (LBDF)

- Flag for multiprocessor communication: IDLE frame detected (IDLEF)

- Interrupt occurs at these events when the corresponding interrupt enable bits are
set

While USARTO0/1/2 is fully implemented, UART3/4 is only partially implemented with the
following features not supported.

B Smartcard mode

B Synchronous mode

B Hardware flow control protocol (CTS/RTS)

16.3. Function overview

The interface is externally connected to another device by the main pins listed as following.

Table 16-1. USART important pins description

Pin Type Description
RX Input Receive Data
TX Output Transmit Data. High level when enabled but nothing
I/O (single-wire/Smartcard mode) to be transmitted
CK Output Serial clock for synchronous communication
nCTS Input Clear to send in hardware flow control mode
nRTS Output Request to send in hardware flow control mode
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Figure 16-1. USART module block diagram
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16.3.1. USART frame format

The USART frame starts with a start bit and ends up with a number of stop bits. The length
of the data frame is configured by the WL bit in the USART_CTLO register. The last data bit
can be used as parity check bit by setting the PCEN bit of in USART_CTLO register. When
the WL bit is reset, the parity bit is the 7th bit. When the WL bit is set, the parity bit is the 8th
bit. The method of calculating the parity bit is selected by the PM bitin USART_CTLO register.

Figure 16-2. USART character frame (8 bits data and 1 stop bit)

SN I v BV B B B e Y BV N
Data frame o
Start or parity bit
| 77 [ bito | bitt [ bite | bits | bit4 | bits | bitt | bit7 | stop | Start
Idle frame Start
*‘ ,Toplsmart

Break frame

In transmission and reception, the number of stop bits can be configured by the STB[1:0]

bits in the USART_CTL1 register.

Table 16-2. Stop bits configuration

STB[1:0] stop bit length (bit) usage description
00 1 default value
01 0.5 Smartcard mode for receiving
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16.3.2.

16.3.3.

STB[1:0] stop bit length (bit) usage description
10 2 normal USART and single-wire modes
11 15 Smartcard mode for transmitting and receiving

In an idle frame, all the frame bits are logic 1. The frame length is equal to the normal USART
frame.

Abreak frame is configured number of low bits followed by the configured number of stop bits.
The transfer speed of a USART frame depends on the frequency of the PCLK and the
configuration of the baud rate generator.

Baud rate generation

The baud-rate divider is a 16-bit number consisting of a 12-bit integer and a 4-bit fractional
part. The number formed by these two values is used by the baud rate generator to determine
the bit period. Having a fractional baud-rate divider allows the USART to generate all the
standard baud rates.

The baud-rate divider (USARTDIV) has the following relationship to the peripheral clock:

USARTDIV = — =X (16-1)
16xBaud Rate

The peripheral clock is PCLK2 for USARTO and PCLK1 for USART1/2 and UART3/4. The
peripheral clock must be enabled through the clock control unit before enabling the USART.

USART transmitter

If the transmit enable bit (TEN) in USART_CTLO register is set, when the transmit data buffer
is not empty, the transmitter shifts out the transmit data frame through the TX pin. Clock pulses
can be output through the CK pin.

After the TEN bit is set, an idle frame will be sent. The TEN bit should not be reset while the
transmission is ongoing.

After power on, the TBE bit is high by default. Data can be written to the USART_DATA when
the TBE bit of the USART_STAT register is asserted. The TBE bit is cleared by writing to the
USART_DATA register and will be set by hardware after the data is put into the transmit shift
register. If a data is written to the USART_DATA register while a transmission is ongoing, it
will be firstly stored in the transmit buffer, and transferred to the transmit shift register after
the current transmission is done. If a data is written to the USART_DATA register while no
transmission is ongoing, the TBE bit will be cleared and set soon, because the data will be
transferred to the transmit shift register immediately.

If a frame is transmitted and the TBE bit is asserted, the TC bit of the USART_STAT register
will be set. An interrupt is generated if the corresponding interrupt enable bit (TCIE) is set in
the USART_CTLO register.
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The USART transmit procedure is shown in Figure 16-3. USART transmit procedure. The
software can follow this flow:

Set the UEN bit in USART_CTLO to enable the USART.

Write the WL bit in USART_CTLO to set the data bits length.

Set the STB[1:0] bits in USART_CTL1 to configure the number of stop bits.
Enable DMA (DENT bit) in USART_CTL2 if multibuffer communication is selected.
Set the baud rate in USART_BAUD.

Set the TEN bit in USART_CTLO.

Wait for the TBE being asserted.

Write the data to in the USART_DATA register.

Repeat step7-8 for each data, if DMA is not enabled.

10. Wait until TC=1 to finish.

© ©® N TR

Figure 16-3. USART transmit procedure

TEN
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It is necessary to wait for the TC bit asserted before disabling the USART or entering the
power saving mode. This bit can be cleared by a software sequence: reading the
USART_STAT register and then writing the USART_DATA register. If the multibuffer
communication is selected (DENT=1), this bit can also be cleared by writing O to it directly.

data2

USART receiver

After power on, the USART receiver can be enabled by the follow procedure:

Set the UEN bit in USART_CTLO to enable the USART.

Write the WL bit in USART_CTLO to set the data bits length.

Set the STB[1:0] bits in USART_CTL1.

Enable DMA (DENR bit) in USART_CTL2 if multibuffer communication is selected.
Set the baud rate in USART_BAUD.

Set the REN bit in USART_CTLO.

o 0 A~ wDN R

After being enabled, the receiver receives a bit stream after a valid start pulse has been
detected. Detection on noisy error, parity error, frame error and overrun error is performed
during the reception of a frame.

When a frame is received, the RBNE bit in USART_STAT is asserted, an interrupt is
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generated if the corresponding interrupt enable bit (RBNEIE) is set in the USART_CTLO
register. The status bits of the received are stored in the USART_STAT register.

The software can get the received data by reading the USART_DATA register directly, or
through DMA. The RBNE status is cleared by a read operation on the USART_DATA register,
whatever it is performed by software directly, or through DMA.

The REN bit should not be disabled when reception is ongoing, or the current frame will be
lost.

By default, the receiver gets three samples to evaluate the value of a frame bit. While in the
oversampling 16 mode, the 7th, 8th, and 9th samples are used. If two or more samples of a
frame bit is 0, the frame bit is confirmed as a 0, else 1. If the three samples of any bit of a
frame are not the same, whatever it is a start bit, data bit, parity bit or stop bit, a noisy error
(NERR) status will be generated for the frame. An interrupt is generated, if the receive DMA
is enabled and the ERRIE bit in USART_CTL2 register is set.

Figure 16-4. Oversampling method of a receive frame bit

< one frame bit

Y

oversamplingT I I) T T T T I‘ T T 1 g g 't 1‘ 't—
ore - T T T T T T T T T T T 77

If the parity check function is enabled by setting the PCEN bit in the USART_CTLO register,
the receiver calculates the expected parity value while receiving a frame. The received parity
bit will be compared with this expected value. If they are not the same, the parity error (PERR)
bit in USART_STAT register will be set. An interrupt is generated, if the PERRIE bit in
USART_CTLO register is set.

If the RX pin is evaluated as 0 during a stop bit, the frame error (FERR) bit in USART_STAT
register will be set. An interrupt is generated, If the receive DMA is enabled and the ERRIE
bit in USART_CTL2 register is set.

When a frame is received, if the RBNE bit is not cleared yet, the last frame will not be stored
in the receive data buffer. The overrun error (ORERR) bit in USART_STAT register will be set.
An interrupt is generated, if the receive DMA is enabled and the ERRIE bit in USART_CTL2
register is set, or if the RBNEIE is set.

The RBNE, NERR, PERR, FERR and ORERR flags of a reception are always set at the same
time. If the receive DMA is not enabled, software can check NERR, PERR, FERR and ORERR
flags when serving the RBNE interrupt.

Use DMA for data buffer access

To reduce the burden of the processor, DMA can be used to access the transmitting and

receiving data buffer. The DENT bitin USART_CTL2 is used to enable the DMA transmission,
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and the DENR bit in USART_CTL2 is used to enable the DMA reception.

When DMA is used for USART transmission, DMA transfers data from internal sram to the
transmit data buffer of the USART. The configuration step is shown in Figure 16-5.
Configuration step when using DMA for USART transmission.

Figure 16-5. Configuration step when using DMA for USART transmission

Clear the TC bitin USART_STATO

\ J

Set the address of USART_DATA as
the DMA destination address

Y

Set the address of data in internal
sram as the DMA source address

Y

Set the number of data as the DMA
transfer number

Y

Set other configurations of DMA,
interrupt enable, priority, etc

\ J

Enable the DMA channel for USART

Y

Wait the TC bit to be set

After all of the data frames are transmitted, the TC bit in USART_STAT is set. An interrupt
occurs if the TCIE bit in USART_CTLO is set.

When DMA is used for USART reception, DMA transfers data from the receive data buffer of
the USART to the internal sram. The configuration step is shown in Figure 16-6.
Configuration step when using DMA for USART reception. If the ERRIE bit in
USART_CTL2 is set, interrupts can be generated by the Error status bits (FERR, ORERR
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and NERR) in USA

Figure 16-6. Configuration step when using DMA for USART reception
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Enable the DMA channel for USART

When the number of the data received by USART reaches the DMA transfer number, an end

of transfer interrupt can be generated in the DMA module.

Hardware flow control

The hardware flow control function is realized by the nCTS and nRTS pins. The RTS flow
control is enabled by writing ‘1’ to the RTSEN bit in USART_CTL2 and the CTS flow control
is enabled by writing ‘1’ to the CTSEN bit in USART_CTL2.

Figure 16-7. Hardware flow control between two USARTS

X RX
TX module ncTS nRTS RX module
USART 1 USART 2
RX ™
RX module nRTS nCTS TX module
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RTS flow control

The USART receiver outputs the nRTS, which reflects the status of the receive buffer. When
data frame is received, the nRTS signal goes high to prevent the transmitter from sending
next frame. The nRTS signal keeps high when the receive buffer is full, and can be cleared
by reading the USART_DATA register.

CTS flow control

The USART transmitter monitors the nCTS input pin to decide if a data frame can be
transmitted. If the TBE bit in USART_STAT is ‘0’ and the nCTS signal is low, the transmitter
transmits the data frame. When the nCTS signal goes high during a transmission, the
transmitter stops after the current transmission is accomplished.

Figure 16-8. Hardware flow control

RTS follow control

nRTS A A

RX
| start | datal | stop ! idle |[start data 2 stop | idle
CTS follow control
nCTS |
USART.DATA empty |  data2 | empty |  data3 | empty
TX

data 1 | stop | startl data 2 |stop§ idle | startl data 3 |stop§ idle

If the CTS flow control is enabled, the CTSF bit in USART_STAT is set when the nCTS pin
toggles. An interrupt is generated if the CTSIE bit in USART_CTL2 is set.

Multi-processor communication

In multiprocessor communication, several USARTSs are connected as a network. It will be a
big burden for a device to monitor all of the messages on the RX pin. To reduce the burden
of a device, software can put an USART module into a mute mode by setting the RWU bit in
USART_CTLO register.

If a USART is in mute mode, all of the receive status bits cannot be set. Software can wake
up the USART by resetting the RWU bit.

The USART can also be wake up by hardware by one of the two methods: idle frame method
and address match method.

The idle frame wake up method is selected by default. When an idle frame is detected on the
RX pin, the hardware clears the RWU bit and exits the mute mode. When wake up at an idle
frame, the IDLEF bit in USART_STAT is not set.

When the WM bit of in USART_CTLO register is set, the MSB bit of a frame is detected as the
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address flag. If the address flag is high, the frame is treated as an address frame. If the
address flag is low, the frame is treated as a data frame. If the LSB 4 bits of an address frame
are the same as the ADDRJ[3:0] bits in the USART_CTL1 register, the hardware clears the
RWU bit and exits the mute mode. The RBNE bit is set for the frame that wakes up the USART.
The status bits are available in the USART_STAT register. If the LSB 4 bits of an address
frame differ from the ADDR[3:0] bits in the USART_CTL1 register, the hardware sets the RWU
bit and enters mute mode automatically. In this situation, the RBNE bit is not set.

If the address match method is selected, the receiver does not check the parity value of an
address frame by default. If the PCEN bit in USART_CTLO is set, the MSB bit will be checked
as the parity bit, and the bit preceding the MSB bit is detected as the address flag.

LIN mode

The local interconnection network mode is enabled by setting the LMEN bit in USART_CTL1.
The CKEN, STB[1:0] bits in USART_CTL1 and the SCEN, HDEN, IREN bits in USART_CTL2
should be reset in LIN mode.

When transmitting a normal data frame, the transmission procedure is the same as the normal
USART mode. The data bits length must be 8. When the SBKCMD bit in USART_CTLO is set,
the USART transmits continuous 13 ‘O’ bits, following by 1 stop bit.

The break detection function is totally independent from the normal USART receiver. So a
break frame can be detected during the idle state or during a frame. The expected length of
a break frame can be selected by LBLEN in USART_CTL1. When the RX pin is detected at
low state for a time that is equal to or longer than the expected break frame length (10 bits
when LBLEN=0, or 11 bits when LBLEN=1), the LBDF in USART_STAT is set. An interrupt
occurs if the LBDIE bit in USART_CTL1 is set.

As shown in Figure 16-9. Break frame occurs during idle state, if a break frame occurs
during the idle state on the RX pin, the USART receiver will receive an all ‘0’ frame, with an
asserted FERR status.

Figure 16-9. Break frame occurs during idle state

frameQ: > fr amel—>| <—frame2—>|
e [ [P LELLTTTTT [LLITTTTTTT

1 frame time >

FERR

USART_DATA X data0 X datat X 0000000 @

LBDF |

As shown in Figure 16-10. Break frame occurs during a frame, if a break frame occurs
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during a frame on the RX pin, the FERR status will be asserted for the current frame.

Figure 16-10. Break frame occurs during a frame
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16.3.9. Synchronous mode

The USART can be used for full-duplex synchronous serial communications only in master
mode, by setting the CKEN bit in USART_CTL1. The LMEN bit in USART_CTL1 and SCEN,
HDEN, IREN bits in USART_CTL2 should be reset in synchronous mode. The CK pin is the
synchronous USART transmitter clock output, and can be only activated when the TEN bit is
enabled. No clock pulse will be sent through the CK pin during the start bit and stop bit
transmission. The CLEN bit in USART_CTL1 can be used to determine whether the clock is
output or not during the last (address flag) bit transmission. The CPH bitin USART_CTL1 can
be used to determine whether data is captured on the first or the second clock edge. The CPL
bit in USART_CTL1 can be used to configure the clock polarity in the USART synchronous
idle state.

The CPL, CPH and CLEN bits in USART_CTL1 determine the waveform on the CK pin.
Software can only change them when the USART is disabled (UEN=0).

If the REN bit in USART_CTLO is set, the receiver works differently from the normal USART
reception method. The receiver samples the data on the capture edge of the CK pin without
any oversampling.

Figure 16-11. Example of USART in synchronous mode

RX  |lg Data output
TX Data input
USART Device
(master mode) (slave mode)
CK Clock input
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Figure 16-12. 8-bit format USART synchronous waveform (CLEN=1)
Idle frame data (8bit) Idle
CK pin (CPL=0, CPH=0) A A 5 5 |J I_f I_f I_f [
ckpincp=t, cpH=0) Y[ v [ v [ v [ v [ v v [ v [
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IrDA SIR ENDEC mode

The IrDA mode is enabled by setting the IREN bit in USART_CTL2. The LMEN, STB[1:0],
CKEN bits in USART_CTL1 and HDEN, SCEN bits in USART_CTL2 should be reset in I[rDA
mode.

In IrDA mode, the USART transmission data frame is modulated in the SIR transmit encoder
and transmitted to the infrared LED through the TX pin. The SIR receive decoder receives the
modulated signal from the infrared LED through the RX pin, and puts the demodulated data
frame to the USART receiver. The baud rate should not be larger than 115200 for the encoder.

Figure 16-13. IrDA SIR ENDEC module
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In IrDA mode, the polarity of the TX and RX pins is different. The TX pin is usually at low state,
while the RX pin is usually at high state. The IrDA pins keep stable to represent the logic ‘1’,

while an infrared light pulse on the IrDA pins (a Return to Zero signal) represents the logic ‘0’.
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The pulse width should be 3/16 of a bit period. The IrDA could not detect any pulse if the
pulse width is less than 1 PSC clock. While it can detect a pulse by chance if the pulse width
is greater than 1 but smaller than 2 times PSC clock.

Because the IrDA is a half-duplex protocol, the transmission and the reception should not be
carried out at the same time in the IrDA SIR ENDEC block.

Figure 16-14. IrDA data modulation
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The SIR submodule can work in low power mode by setting the IRLP bit in USART_CTL2.
The transmit encoder is driven by a low speed clock, which is divided from the PCLK. The
divide ratio is configured by the PSC[7:0] bits in USART_GP register. The pulse width on the
TX pin is 3 cycles of this low speed clock. The receiver decoder works in the same manner
as the normal IrDA mode.

Half-duplex communication mode

The half-duplex communication mode is enabled by setting the HDEN bit in USART_CTL2.
The LMEN, CKEN bits in USART_CTL1 and SCEN, IREN bits in USART_CTL2 should be
reset in half-duplex communication mode.

In the half-duplex mode the receive line is internally connected to the TX pin, and the RX pin
is no longer used. The TX pin should be configured as output open drain mode. The software
should make sure the transmission and reception process never conflict each other.

Smartcard (1ISO7816-3) mode

The smartcard mode is an asynchronous mode, which is designed to support the ISO7816-3
protocol. The smartcard mode is enabled by setting the SCEN bit in USART_CTL2. The
LMEN bit in USART_CTL1 and HDEN, IREN bits in USART_CTL2 should be reset in
smartcard mode.

A clock is provided to the external smart card through the CK pin after the CKEN bit is set.
The clock is divided from the PCLK. The divide ratio is configured by the PSC[4:0] bits in
USART_GP register. The CK pin only provides a clock source to the smart card.
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The smartcard mode is a half-duplex communication protocol. When connected to a
smartcard, the TX pin must be configured as open drain, and an external pull-up resistor will
be needed, which drives a bidirectional line that is also driven by the smartcard. The data
frame consists of 1 start bit, 9 data bits (1 parity bit included) and 1.5 stop bits. The 0.5 stop
bit may be configured for a receiver.

Figure 16-15. 1SO7816-3 frame format
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Character (T=0) mode

Comparing to the timing in normal operation, the transmission time from transmit shift register
to the TX pin is delayed by half baud clock, and the TC flag assertion time is delayed by a
guard time that is configured by the GUAT[7:0] bits in USART_GP. In Smartcard mode, the
internal guard time counter starts count up after the stop bits of the last data frame, and the
GUAT[7:0] bits should be configured as the character guard time (CGT) in ISO7816-3 protocol
minus 12. The TC status is forced reset while the guard time counter is counting up. When
the counter reaches the programmed value TC is asserted high.

During USART transmission, if a parity error event is detected, the smartcard may NACK the
current frame by pulling down the TX pin during the last 1 bit time of the stop bits. The USART
can automatically resend data according to the protocol. The USART will not take the NACK
signal as the start bit.

During USART reception, if the parity error is detected in the current frame, the TX pin is
pulled low during the last 1 bit time of the stop bits. This signal is the NACK signal to smart
card. Then a frame error occurs in smart card side. The RBNE/receive DMA request is not
activated if the received character is erroneous. According to the protocol, the smart card can
resend the data. The NACK signal is enabled by setting the NKEN bit in USART_CTL2.

The idle frame and break frame are not applied for the Smartcard mode.

USART interrupts

The USART interrupt events and flags are listed in the table below.
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Table 16-3. USART interrupt requests

DMA reception

FERR

: Enable
Interrupt event Event flag Control register )
Control bit
Transmit data buffer empty TBE USART_CTLO TBEIE
CTS toggled flag CTSF USART_CTL2 CTSIE
Transmission complete TC USART_CTLO TCIE
Received buff not empty RBNE
USART_CTLO RBNEIE
Overrun error ORERR
Idle frame IDLEF USART_CTLO IDLEIE
Parity error PERR USART_CTLO PERRIE
Break detected flag in LIN mode LBDF USART_CTL1 LBDIE
Reception Errors (Noise flag,
. i NERR or ORERR or
overrun error, framing error) in USART_CTL2 ERRIE

All of the interrupt events are ORed together before being sent to the interrupt controller, so
the USART can only generate a single interrupt request to the controller at any given time.
Software can service multiple interrupt events in a single interrupt service routine.

Figure 16-16. USART interrupt mapping diagram
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16.4.1. Status register (USART_STAT)
Address offset: 0x00
Reset value: 0x0000 00CO
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 ‘ CTSF ‘ LBDF ‘ TBE ‘ TC ‘ RBNE ’ IDLEF ‘ ORERR ’ NERR ‘ FERR ‘ PERR |
rc_w0 rc_wo r rc_wo rc_w0 r r r r r
Bits Fields Descriptions
31:10 Reserved Must keep the reset value
9 CTSF CTS change flag
If CTSEN bitin USART_CTL2 is set, this bit is set by hardware when the nCTS input
toggles. An interrupt occurs if the CTSIE bit in USART_CTL2 is set.
Software can clear this bit by writing 0 to it.
0: The status of the nCTS line does not change
1: The status of the nCTS line has changed
This bit is not available for UART3/4.
8 LBDF LIN break detected flag
If LMEN bit in USART_CTL1 is set, this bit is set by hardware when LIN break is
detected. An interrupt occurs if the LBDIE bit in USART_CTL1 is set.
Software can clear this bit by writing 0 to it.
0: The USART does not detect a LIN Break
1: The USART has detected a LIN Break
7 TBE Transmit data buffer empty
This bit is set after power on or when the transmit data has been transferred to the
transmit shift register. An interrupt occurs if the TBEIE bit in USART_CTLO is set.
This bit is cleared when the software writes transmit data to the USART_DATA
register.
0: Transmit data buffer is not empty
1: Transmit data buffer is empty
6 TC Transmission complete

This bit is set after power on. If the TBE bit has been set, this bit is set when the

transmission of current data is complete. An interrupt occurs if the TCIE bit in
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RBNE

IDLEF

ORERR

NERR

FERR

USART_CTLO is set.

Software can clear this bit by writing 0 to it.

0: Transmission of current data is not complete
1: Transmission of current data is complete

Read data buffer not empty

This bit is set when the read data buffer is filled with a data frame, which has been
received through the receive shift register. An interrupt occurs if the RBNEIE bit in
USART_CTLO is set.

Software can clear this bit by writing O to it or by reading the USART_DATA register.
0: Read data buffer is empty

1: Read data buffer is not empty

IDLE frame detected flag

This bit is set when the RX pin has been detected in idle state for a frame time. An
interrupt occurs if the IDLEIE bit in USART_CTLO is set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART module does not detect an IDLE frame

1: The USART module has detected an IDLE frame

Overrun error

This bit is set if the RBNE is not cleared and a new data frame is received through
the receive shift register. An interrupt occurs if the ERRIE bit in USART_CTL2 is
set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART does not detect a overrun error

1: The USART has detected a overrun error

Noise error flag

This bit is set if the USART detects noise on the RX pin when receiving a frame.
An interrupt occurs if the ERRIE bit in USART_CTL2 is set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART does not detect a noise error

1: The USART has detected a noise error

Frame error flag

This bit is set when the RX pin is detected low during the stop bits of a receive
frame. An interrupt occurs if the ERRIE bit in USART_CTL2 is set.

Software can clear this bit by reading the USART_STAT and USART_DATA
registers one by one.

0: The USART does not detect a framing error

1: The USART has detected a framing error
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0 PERR Parity error flag
This bit is set when the parity bit of a receive frame does not match the expected
parity value. An interrupt occurs if the PERRIE bit in USART_CTLO is set.
Software can clear this bit in the sequence: read the USART_STAT register, and
then read or write the USART_DATA register.
0: The USART does not detect a parity error
1: The USART has detected a parity error

16.4.2. Data register (USART_DATA)

Offset: 0x04
Reset value: 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 |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved DATA[8:0] |

12

Bits Fields Descriptions

31:9 Reserved Must keep the reset value

8:0 DATA[8:0] Transmit or read data value

Software can write these bits to update the transmit data or read these bits to get
the receive data.
If the parity check function is enabled, when transmit data is written to this register,
the MSB bit (bit 7 or bit 8 depending on the WL bitin USART_CTLO) will be replaced
by the parity bit.

16.4.3. Baud rate register (USART_BAUD)

Address offset: 0x08
Reset value: 0x0000 0000

The software must not write this register when the USART is enabled (UEN=1).
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

‘ INTDIV [11:0] FRADIV[3:0]
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w w
Bits Fields Descriptions
31:16 Reserved Must keep the reset value
15:4 INTDIV[11:0] Integer part of baud-rate divider
3.0 FRADIV[3:0] Fraction part of baud-rate divider
16.4.4. Control register 0 (USART_CTLO)
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
‘ Reserved UEN ‘ WL ‘ WM ‘ PCEN ‘ PM ‘ PERRIE ‘ TBEIE ‘ TCIE ‘ RBNEIE | IDLEIE ‘ TEN | REN ‘ RWU ‘SBKCMD|
w w w w w w w w 12 w 12 w w
Bits Fields Descriptions
31:14 Reserved Must keep the reset value
13 UEN USART enable
0: USART disabled
1: USART enabled
12 WL Word length
0: 8 Data bits
1: 9 Data bits
11 WM Wakeup method in mute mode
0: wake up by idle frame
1: wake up by address match
10 PCEN Parity check function enable
0: Parity check function disabled
1: Parity check function enabled
9 PM Parity mode
0: Even parity
1: Odd parity
8 PERRIE Parity error interrupt enable

If this bit is set, an interrupt occurs when the PERR bit in USART_STAT is set.
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0: Parity error interrupt is disabled

1: Parity error interrupt is enabled

7 TBEIE Transmitter buffer empty interrupt enable
If this bit is set, an interrupt occurs when the TBE bit in USART_STAT is set.
0: Transmitter buffer empty interrupt is disabled

1: Transmitter buffer empty interrupt is enabled

6 TCIE Transmission complete interrupt enable
If this bit is set, an interrupt occurs when the TC bit in USART_STAT is set.
0: Transmission complete interrupt is disabled
1: Transmission complete interrupt is enabled

5 RBNEIE Read data buffer not empty interrupt and overrun error interrupt enable
If this bit is set, an interrupt occurs when the RBNE bit or the ORERR bit in
USART_STAT is set.
0: Read data register not empty interrupt and overrun error interrupt disabled
1: Read data register not empty interrupt and overrun error interrupt enabled

4 IDLEIE IDLE line detected interrupt enable
If this bit is set, an interrupt occurs when the IDLEF bit in USART_STAT is set.
0: IDLE line detected interrupt disabled
1: IDLE line detected interrupt enabled

3 TEN Transmitter enable
0: Transmitter is disabled
1: Transmitter is enabled

2 REN Receiver enable
0: Receiver is disabled

1: Receiver is enabled

1 RWU Receiver wakeup from mute mode.
Software can set this bit to make the USART work in mute mode and reset this bit
to wake up the USART.
In wake up by idle frame mode (WM=0), this bit can be reset by hardware when an
idle frame has been detected. In wake up by address match mode (WM=1), this bit
can be reset by hardware when receiving an address match frame or set by
hardware when receiving an address mismatch frame.
0: Receiver in active mode

1: Receiver in mute mode

0 SBKCMD Send break command
Software can set this to send a break frame.
Hardware resets this bit automatically when the break frame has been transmitted.

0: Do not transmit a break frame
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16.4.5.

31 30

1: Transmit a break frame

Control register 1 (USART_CTL1)

Address offset: 0x10
Reset value: 0x0000 0000

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

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

Reserved

LMEN |

STB[1:0]

‘CKEN ‘ CPL ‘ CPH ‘ CLEN

Reserved [ LBDIE ‘ LBLEN |Reserved ADDR([3:0]

w

Bits

Fields

A rw I\ I\ w w

Descriptions

31:15

14

13:12

11

10

Reserved

LMEN

STB[1:0]

CKEN

CPL

CPH

Must keep the reset value

LIN mode enable

0: LIN mode disabled

1: LIN mode enabled

This bit field cannot be written when the USART is enabled (UEN=1).

STOP bits length

00: 1 Stop bit

01: 0.5 Stop bit

10: 2 Stop bits

11: 1.5 Stop bit

This bit field cannot be written when the USART is enabled (UEN=1).
Only 1 stop bit and 2 stop bits are available for UART3/4.

CK pin enable

0: CK pin disabled

1: CK pin enabled

This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

CK polarity

This bit specifies the polarity of the CK pin in synchronous mode.

0: The CK pinis in low state when the USART is in idle state

1: The CK pin is in high state when the USART is in idle state

This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

CK phase
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This bit specifies the phase of the CK pin in synchronous mode.

0: The capture edge of the LSB bit is the first edge of CK pin

1: The capture edge of the LSB bit is the second edge of CK pin
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

8 CLEN CK Length
This bit specifies the length of the CK signal in synchronous mode.
0: There are 7 CK pulses for an 8 bit frame and 8 CK pulses for a 9 bit frame
1: There are 8 CK pulses for an 8 bit frame and 9 CK pulses for a 9 bit frame
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

7 Reserved Must keep the reset value

6 LBDIE LIN break detected interrupt enable
If this bit is set, an interrupt occurs when the LBDF bit in USART_STAT is set.
0: LIN break detected interrupt is disabled
1: LIN break detected interrupt is enabled

5 LBLEN LIN break frame length
This bit specifies the length of a LIN break frame.
0: 10 bit
1: 11 bit
This bit field cannot be written when the USART is enabled (UEN=1).

4 Reserved Must keep the reset value

3:0 ADDRJ[3:0] Address of the USART
In wake up by address match mode (WM=1), the USART enters mute mode when
the LSB 4 bits of a received frame do not equal the ADDR[3:0] bits, and wakes up
when the LSB 4 bits of a received frame equal the ADDR[3:0] bits.

16.4.6. Control register 2 (USART_CTL?2)

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

‘ Reserved ‘ CTSIE ‘ CTSEN ‘ RTSEN ‘ DENT ‘ DENR ‘ SCEN ‘ NKEN ‘ HDEN ‘ IRLP ‘ IREN ‘ ERRIE |
w w w w w w rw w 2 w w
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Bits Fields Descriptions

31:11 Reserved Must keep the reset value

10 CTSIE CTS interrupt enable

If this bit is set, an interrupt occurs when the CTSF bit in USART_STAT is set.
0: CTS interrupt is disabled

1: CTS interrupt is enabled

This bit is reserved for UART3/4.

9 CTSEN CTS enable
This bit enables the CTS hardware flow control function.
0: CTS hardware flow control disabled
1: CTS hardware flow control enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

8 RTSEN RTS enable
This bit enables the RTS hardware flow control function.
0: RTS hardware flow control disabled
1: RTS hardware flow control enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

7 DENT DMA request enable for transmission
0: DMA request is disabled for transmission

1: DMA request is enabled for transmission

6 DENR DMA request enable for reception
0: DMA request is disabled for reception
1: DMA request is enabled for reception

5 SCEN Smartcard mode enable
This bit enables the smartcard work mode.
0: Smartcard Mode disabled
1: Smartcard Mode enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

4 NKEN NACK enable in Smartcard mode
This bit enables the NACK transmission when parity error occurs in smartcard
mode.
0: Disable NACK transmission
1: Enable NACK transmission
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved for UART3/4.

3 HDEN Half-duplex enable
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This bit enables the half-duplex USART mode.
0: Half duplex mode is disabled

1: Half duplex mode is enabled
This bit field cannot be written when the USART is enabled (UEN=1).

2 IRLP IrDA low-power
This bit selects low-power mode of IrDA mode.
0: Normal mode
1: Low-power mode
This bit field cannot be written when the USART is enabled (UEN=1).

1 IREN IrDA mode enable
This bit enables the IrDA mode of USART.
0: IrDA disabled
1: IrDA enabled
This bit field cannot be written when the USART is enabled (UEN=1).
This bit is reserved in USARTL.

0 ERRIE Error interrupt enable
When DMA request for reception is enabled (DENR=1), if this bit is set, an interrupt
occurs when any one of the FERR, ORERR and NERR bits in USART_STAT is set.
0: Error interrupt disabled
1: Error interrupt enabled

16.4.7. Guard time and prescaler register (USART_GP)

Address offset: 0x18
Reset value: 0x0000 0000

This bit field cannot be written when the USART is enabled (UEN=1).
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
‘ GUAT[7:0] PSC[7:0]
w rw
Bits Fields Descriptions
31:16 Reserved Must keep the reset value.
15:8 GUATI[7:0] Guard time value in Smartcard mode

TC flag assertion time is delayed by GUAT[7:0] baud clock cycles.
This bit field cannot be written when the USART is enabled (UEN=1).
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These bits are not available for UART3/4.
7:0 PSC[7:0] When the USART IrDA low-power mode is enabled, these bits specify the division

factor that is used to divide the peripheral clock (PCLK1/PCLK2) to generate the
low-power frequency.

00000000: Reserved - never program this value

00000001: divides by 1

00000010: divides by 2

112111111: divides by 255

When the USART works in IrDA normal mode, these bits must be set to 00000001.
When the USART smartcard mode is enabled, the PSC [4:0] bits specify the division
factor that is used to divide the peripheral clock (APB1/APB2) to generate the
smartcard clock (CK). The actual division factor is twice as the PSC [4:0] value.
00000: Reserved - never program this value

00001: divides by 2

00010: divides by 4

11111: divides by 62

The PSC [7:5] bits are reserved in smartcard mode.
This bit field cannot be written when the USART is enabled (UEN=1).
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17. Inter-integrated circuit interface (12C)
17.1. Overview
The 12C (inter-integrated circuit) module provides an 12C interface which is an industry
standard two-line serial interface for MCU to communicate with external 12C interface. 12C
bus uses two serial lines: a serial data line, SDA, and a serial clock line, SCL.
The 12C interface implements standard 12C protocol with standard-mode and fast-mode as
well as CRC calculation and checking, SMBus (system management bus) and PMBus (power
management bus). It also supports multi-master 12C bus. The 12C interface provides DMA
mode for users to reduce CPU overload.
17.2. Characteristics
B Parallel-bus to 12C-bus protocol converter and interface.
B Both master and slave functions with the same interface.
B Bi-directional data transfer between master and slave.
B Supports 7-bit and 10-bit addressing and general call addressing.
B Multi-master capability.
B Supports standard-mode (up to 100 kHz) and fast-mode (up to 400 kHz).
B Configurable SCL stretching in slave mode.
B Supports DMA mode.
B SMBus 2.0 and PMBus compatible.
B 2 Interrupts: one for successful byte transmission and the other for error event.
B Optional PEC (packet error checking) generation and check.
17.3. Function overview

Figure 17-1. 12C module block diagram below provides details on the internal configuration

of the 12C interface.
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Figure 17-1. 12C module block diagram

PEC register

CRC Calculation /
Check

{

SDA<————— > SDA Controller Shift Register

]

Data Register

APB Bus

SCL&——> SCL Controller

SMBA < >  Timing and
Control Logic

i

DMA/ Interrupts

Control Registers

\ 14

Status Flags

Table 17-1. Definition of 12C-bus terminology (refer to the 12C specification of philips
semiconductors)

Term Description

Transmitter the device which sends data to the bus

Receiver the device which receives data from the bus
the device which initiates a transfer, generates clock signals and terminates
Master a transfer
Slave the device addressed by a master
Multi-master more than one master can attempt to control the bus at the same time

without corrupting the message

Synchronization |procedure to synchronize the clock signals of two or more devices

procedure to ensure that, if more than one master tries to control the bus

Arbitration simultaneously, only one is allowed to do so and the winning master’'s

message is not corrupted

17.3.1. SDA and SCL lines

The 12C module has two external lines, the serial data SDA and serial clock SCL lines. The
two wires carry information between the devices connected to the bus.

Both SDA and SCL are bidirectional lines, connected to a positive supply voltage via current-
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17.3.2.

17.3.3.

17.3.4.

source or pull-up resistor. When the bus is free, both lines are HIGH. The output stages of
devices connected to the bus must have an open-drain or open-collect to perform the wired-
AND function. Data on the 12C-bus can be transferred at rates of up to 100 kbit/s in the
standard-mode and up to 400 kbit/s in the fast-mode. Due to the variety of different technology
devices (CMOS, NMOS, bipolar) that can be connected to the I12C-bus, the voltage levels of
the logical ‘0’ (LOW) and ‘1’ (HIGH) are not fixed and depend on the associated level of Vop.

Data validation

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or
LOW state of the data line can only change when the clock signal on the SCL line is LOW
(seeFigure 17-2. Data validation). One clock pulse is generated for each data bit transferred.

Figure 17-2. Data validation

scL SN/

START and STOP condition

All transactions begin with a START (S) and are terminated by a STOP (P) (see Eigure 17-3.
START and STOP condition). AHIGH to LOW transition on the SDA line while SCL is HIGH
defines a START condition. A LOW to HIGH transition on the SDA line while SCL is HIGH
defines a STOP condition.

Figure 17-3. START and STOP condition

START

SDA \

SCL \
STOP /

SDA

SCL

Clock synchronization

Two masters can begin transmitting on a free bus at the same time and there must be a
method for deciding which master takes control of the bus and complete its transmission. This
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17.3.5.

is done by clock synchronization and bus arbitration. In a single master system, clock
synchronization and bus arbitration are unnecessary.

Clock synchronization is performed using the wired-AND connection of 12C interfaces to the
SCL line. This means that a HIGH to LOW transition on the SCL line causes the masters
concerned to start counting off their LOW period and, once a master clock has gone LOW, it
holds the SCL line in that state until the clock HIGH state is reached (see Fiqure 17-4. Clock
synchronization). However, if another clock is still within its LOW period, the LOW to HIGH
transition of this clock may not change the state of the SCL line. The SCL line is therefore
held LOW by the master with the longest LOW period. Masters with shorter LOW periods
enter a HIGH wait-state during this time.

Figure 17-4. Clock synchronization

CLK1 \
wait )I( count

CLK2 \

i \ /

T

Arbitration

Arbitration, like synchronization, is part of the protocol where more than one master is used
in the system. Slaves are not involved in the arbitration procedure.

A master may start a transfer only if the bus is free. Two masters may generate a START
condition within the minimum hold time of the START condition which results in a valid START
condition on the bus. Arbitration is then required to determine which master will complete its
transmission.

Arbitration proceeds bit by bit. During every bit, while SCL is HIGH, each master checks to
see whether the SDA level matches what it has sent. This process may take many bits. Two
masters can evencomplete an entire transaction without error, as long as the transmissions
are identical. The first time a master tries to send a HIGH, but detects that the SDA level is
LOW, then the master knows that it has lost the arbitration and turns off its SDA output driver.
The other master goes on to complete its transaction.

Figure 17-5. SDA Line arbitration
masterl

master2

SDA 1 0 1 0

s "/ S S S
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17.3.6.

17.3.7.

I2C communication flow

Each 12C device is recognized by a unique address (whether it is a microcontroller, LCD driver,
memory or keyboard interface) and can operate as either a transmitter or receiver, depending
on the function of the device.

An 12C slave will continue to detect addresses after a START condition on 12C bus and
compare the detected address with its slave address which is programmable by software.
Once the two addresses match, the 12C slave will send an ACK to the 12C bus and responses
to the following command on 12C bus: transmitting or receiving the desired data. Additionally,
if General Call is enabled by software, the 12C slave always responses to a General Call
Address (0x00). The 12C block support both 7-bit and 10-bit address modes.

An 12C master always initiates or end a transfer using START or STOP condition and it’s also
responsible for SCL clock generation.

Figure 17-6. 12C communication flow with 7-bit address

R(®)
()

DATAO [ACK] . | DATAN [ NACK |

|Stan| Slave address DATAO [ACK] | DATAN | ACK |

ACKI

Stop

data transfer (N+1 bytes)

I:I From master to slave I:I From slave to master

Figure 17-7. 12C communication flow with 10-bit address (Master Transmit)

Slave address bytel
(hreader)

11110x><|

| Stan|

|W(0)|ACK| Slave address byte2 |ACK| DATAO |ACK| | DATAN | SCH

NACK | Sy |

. data transfer (N+1 bytes;
write ( vies)

\:| From master to slave \:| From slave to master

Figure 17-8. 12C communication flow with 10-bit address (Master Receive)

Slave address
bytel (hreader)

Slave address|

Slave address bytel
| Start | byte2

(hreader)
1 1110 x x

write read data transfer (N+1 bytes)

\:| From master to slave \:| From slave to master

Programming model

W(0) |ACK

|ACK|Start| R(1) |ACK| DATAO |ACK| | DATAN |NACK| Stop|

An 12C device such as LCD driver may only be a receiver, whereas a memory can both
receive and transmit data. In addition to transmitters and receivers, devices can also be
considered as masters or slaves when performing data transfers. Amaster is the device which
initiates a data transfer on the bus and generates the clock signals to permit that transfer. At
that time, any device addressed is considered a slave.

An 12C device is able to transmit or receive data whether it's a master or a slave, thus, there're
4 operation modes for an I12C device:
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Master Transmitter.
Master Receiver.
Slave Transmitter.
Slave Receiver.

12C block supports all of the four 12C modes. After system reset, it works in slave mode. If it’s

programmed by software and finished sending a START condition on 12C bus, it changes into

master mode. The 12C changes back to slave mode after it's programmed by software and
finished sending a STOP condition on 12C bus.

Programming model in slave transmitting mode

As is shown in the figure below, the following software procedure should be followed if users
wish to make transaction in slave transmitter mode:

1.

First of all, software should enable 12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.

After receiving a START condition followed by a matched address, either in 7-bit format
or in 10-bit format, the 12C hardware sets the ADDSEND bit in I2C_STATO register, which
should be monitored by software either by polling or interrupt. After that software should
read 12C_STATO and then I2C_STAT1 to clear ADDSEND bit. If 10-bit addressing format
is selected, the I12C master should then send a repeated START(Sr) condition followed
by a header to the 12C bus. The slave sets ADDSEND bit again after it detects the
repeated START(Sr) condition and the following header. Software needs to clear the
ADDSEND bit again by reading 12C_STATO and then I2C_STAT1.

Now I12C enters data transmission stage and hardware sets TBE bit because both the
shift register and data register I2C_DATA are empty. Once TBE is set, Software should
write the first byte of data to 12C_DATA register, TBE is not cleared in this case because
the write byte in I2C_DATA is moved to the internal shift register immediately. 12C begins
to transmit data to 12C bus as soon as the shift register is not empty.

During the first byte’s transmission, software can write the second byte to 12C_DATA,
and this time TBE is cleared because neither I2C_DATA nor shift register is empty.

Any time TBE is set, software can write a byte to 12C_DATA as long as there are still data
to be transmitted.

During the second last byte’s transmission, software write the last data to 12C_DATA to
clear the TBE flag and doesn’t care TBE anymore. So TBE will be set after the byte’s
transmission and not cleared until a STOP condition.

I2C master doesn’t acknowledge to the last byte according to the I12C protocol, so after
sending the last byte, 12C slave will wait for the STOP condition on I12C bus and sets

AERR (Acknowledge Error) bit to notify software that transmission completes. Software
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clears AERR bit by writing O to it.
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Figure 17-9. Programming model for slave transmitting

12C Line State Hardware Action Software Flow

IDLE

Master generates START
condition

1) Software initialization

Master sends Header
Slave sends Acknowledge

Master sends Address
Slave sends Acknowledge

c

|
Master generates repeated Set ADDSEND |
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Master sends header
Slave sends Acknowledge

|—>| 2) Clear ADDSEND |

Set ADDSEND i

SCL stretched by slave L’| 2) Clear ADDSEND |

o

Set TBE i

Ly 3) wiite DATA() 0 TRB |
T

Slave sends DATA(1)

Master sends Acknowledge | 4) Write DATA(2) to TRB |

Set TBE

Ly 5) Wiite DATA@®) 0 TRB |

...... ( Data transmission )

Set TBE I |

Slave sends DATA(N-2) L’| Wwrite DATA() to TRB

Master sends Acknowledge

Set TBE

Slave sends DATA(N-1) L’| 6)Write DATA(N) to TRB |

Master sends Acknowledge

Set TBE |

Slave sends DATA(N)
Master DON'T send Ack

Set AERR I
Master generates STOP

condition

|—>| 7) Clear AERR

PR B

Clear TBE |

Programming model in slave receiving mode

As is shown in the figure below, the following software procedure should be followed if users
wish to make reception in slave receiver mode:

1. First of all, software should enable I2C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.

2. After receiving a START condition followed by a matched 7-bit or 10-bit address, the 12C
hardware sets the ADDSEND bit in I2C status register, which should be monitored by
software either by polling or interrupt. After that software should read 12C_STATO and

then 12C_STAT1 to clear ADDSEND bit. The 12C begins to receive data to 12C bus as
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soon as ADDSEND bit is cleared.
3. As soon as the first byte is received, RBNE is set by hardware. Software can now read
the first byte from [12C_DATA and RBNE is cleared as well.
4. Anytime RBNE is set, software can read a byte from 12C_DATA.
5. After last byte is received, RBNE is set. Software reads the last byte.
6. STPDET bit is set when 12C detects a STOP condition on 12C bus and software reads

[2C_STATO and then write 12C_CTLO to clear the STPDET bit.

Figure 17-10. Programming model for slave receiving

I2C Line State Hardware Action Software Flow
IDLE
Master generates START o
condition 1) Software initialization

Slave sends Acknowledge

Master sends Header

Slave sends Acknowledge

Master sends Address

_|—>| Set ADDSEND i
SCL stretched by slave I—’| 2) Clear ADDSEND
Master sends DATA(1)
Slave sends Acknowledge
_l—»| Set RBNE i ,
3) Read DATA(1
...... (Data transmission) L’| ) @) |
_L»| Set RBNE |
Master sends DATA(N) L’| 4) Read DATA(X) |
Slave sends Acknowledge
_|—»| Set RBNE |
Master generates STOP |—>| 5) Read DATA(N) |
condition |
Set STPDET |

|—>| 6) Clear STPDET |

Programming model in master transmitting mode

As it shows in figure below, the following software procedure should be followed if users wish

to make transaction in master transmitter mode:

1.

First of all, software should enable I2C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct I12C timing. After enabled and configured,
I12C operates in its default slave state and waits for START condition followed by address
on 12C bus.

Software set START bit requesting I12C to generate a START condition to 12C bus.
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After sending a START condition, the 12C hardware sets the SBSEND bit in I12C status
register and enters master mode. Now software should clear the SBSEND bit by reading
[2C_STATO and then writing a 7-bit address or header of a 10-bit address to 12C_DATA.
I2C begins to send address or header to 12C bus as soon as SBSEND bit is cleared. If
the address sent is a header of 10-bit address, the hardware sets ADD10S END bit after
sending header and software should clear the ADD10SEND bit by reading I12C_STATO
and writing 10-bit lower address to 12C_DATA.

After the 7-bit or 10-bit address is sent, the 12C hardware sets the ADDSEND bit and
software should clear the ADDSEND bit by reading 12C_STATO and then [2C_STAT1.

Now I12C enters data transmission stage and hardware sets TBE bit because both the
shift register and data register 12C_DATA are empty. Software now write the first byte
data to 12C_DATA register, but the TBE is not cleared because the write byte in
I2C_DATA is moved to internal shift register immediately. The I2C begins to transmit data
to 12C bus as soon as shift register is not empty.

During the first byte’s transmission, software can write the second byte to [12C_DATA,
and this time TBE is cleared because neither [2C_DATA nor shift register is empty.

Any time TBE is set, software can write a byte to 12C_DATA as long as there are still data
to be transmitted.

During the second last byte’s transmission, software write the last data to 12C_DATA to
clear the TBE flag and doesn’t care TBE anymore. So TBE will be asserted after the
byte’s transmission and not cleared until a STOP condition.

After sending the last byte, 12C master sets BTC bit because both shift register and
I2C_DATA are empty. Software should program a STOP request now, and the 12C clears
both TBE and BTC flags after sending a STOP condition.
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Figure 17-11. Programming model for master transmitting

12C Line State Hardware Action Software Flow

| 1) Software initialization |

IDLE | 2) Set START |
Master generates START |, I
condition

N
SCL stretched by master 1 Set SBSEND 3) Clear SBSEND |
]
Master sends Header
Slave sends Acknowledge
Set ADD10SEND
SCL stretched by master L'| |—»| 4) Clear ADD10SEND |

Master sends Address
Slave sends Acknowledge

Set ADDSEND
g L{ 4) Clear ADDSEND |
SCL stretched by master

| Set TBE |
|—’| 5) Write DATA(L) to TRB |
T
Master sends DATA(1) -
Slave sends Acknowledge | 6) Write DATA(2) to TRB |
L Set TBE |
7) Write DATA(3) to TRB
...... (Data transmission) L’| ) ® |
L Set TBE | :
Master sends DATA(N-2) L’| Write DATAKX) to TRB |
Slave sends Acknowledge
L Set TBE | :
Master sends DATA(N-1) L’| 8)write DATA(N) to TRB |
Slave sends Acknowledge
Ly Set TBE |
Master sends DATA(N)
Slave sends Acknowledge
Ly Set BTC |

SCL stretched by master |_,| 9) Set STOP

Master generates STOP
condition

Programming model in master receiving mode

In master receiving mode, a master is responsible for generating NACK for the last byte
reception and then sending STOP condition on 12C bus. So, special attention should be paid
to ensure the correct ending of data reception. Two solutions for master receiving are provided
here for your application: Solution A and B. Solution A requires the software’s quick response
to 12C events, while Solution B doesn'’t.

Solution A

1. First of all, software should enable I12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
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on 12C bus.
2. Software set START bit requesting 12C to generate a START condition to 12C bus.

3. After sending a START condition, the 12C hardware sets the SBSEND bit in 12C status
register and enters master mode. Now software should clear the SBSEND bit by reading
[2C_STATO and then writing a 7-bit address or header of a 10-bit address to 12C_DATA.
I12C begins to send address or header to 12C bus as soon as SBSEND bit is cleared. If
the address sent is a header of 10-bit address, the hardware sets ADD10SEND bit after
sending header and software should clear the ADD10SEND bit by reading I12C_STATO
and writing 10-bit lower address to 12C_DATA.

4. After the 7-bit or 10-bit address is sent, the 12C hardware sets the ADDSEND bit and
software should clear the ADDSEND bit by reading 12C_STATO and then 12C_STAT1. If
the address is in 10-bit format, software should then set START bit again to generate a
repeated START condition on 12C bus and SBSEND is set after the repeated START is
sent out. Software should clear the SBSEND bit by reading 12C_STATO and writing
header to I2C_DATA. Then the header is sent out to I12C bus, and ADDSEND is set again.
Software should again clear ADDSEND by reading I12C_STATO and then 12C_STAT1.

5. As soon as the first byte is received, RBNE is set by hardware. Software now can read
the first byte from [12C_DATA and RBNE is cleared as well.

6. Anytime RBNE is set, software can read a byte from [12C_DATA.

7. After the second last byte is received, the software should clear ACKEN bit and set STOP
bit. These actions should complete before the end of the last byte’s receiving to ensure
that NACK is sent for the last byte.

8. After last byte is received, RBNE is set. Software reads the last byte. 12C doesn’t send
ACK to the last byte and generate a STOP condition after the transmission of the last

byte.

Above steps require byte number N>1. If N=1, Step 7 should be performed after Step 4 and
completed before the end of the single byte’s receiving.
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Figure 17-12. Programming model for master receiving using Solution A

12C Line State Hardware Software Flow
Action

| 1) Software initialization |

IDLE | 2) Set START |

START Condition I

' Y SetSBSEND
SCL Strechd | 3) Clear SBSEND |

Master sends Header
Slave sends Acknowledge

Set ADD10SEND
SCL stretched by master L’| |—v| 4) Clear ADD10SEND |

Master sends Address
Slave sends Acknowledge

SetADDSEND | ——
H 4) Clear ADDSEND |

SCL stretched by master

| 4) Set START |
Master generates repeated I

START condition |

) |
SCL stretchéd by master 'I Set SBSEND |

L 4) Clear SBSEND |

Master sends Header
Slave sends Acknowledge

L5 SetADDSEND
4) Clear ADDSEND |

SCL stretched by master

Slave sends DATA(1)
Master sends Acknowledge

Set RBNE i

5) Read DATA(1
...... ( Data transmission ) I_.| ) (1) |

Set RBNE

Slave sends DATA(N-1) I_’| Read DATA(X) |

Master sends Acknowledge

SetRBNE L 6) Read DATA(N-1) |

| 7) Clear ACKEN , Set STOP |

Slave sends DATA(N)
Master DON'T send Ack

A A

Master generates STOP SetRBNE 8) Read DATA(N) |
condition

Solution B

1. First of all, software should enable 12C peripheral clock as well as configure clock related
registers in 12C_CTL1 to make sure correct 12C timing. After enabled and configured,
I2C operates in its default slave state and waits for START condition followed by address
on 12C bus.

2. Software set START bit requesting 12C to generate a START condition to 12C bus.

3. After sending a START condition, the 12C hardware sets the SBSEND bit in 12C status

register and enters master mode. Now software should clear the SBSEND bit by reading
[2C_STATO and then writing a 7-bit address or header of a 10-bit address tol2C_DATA.
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I2C begins to send address or header to 12C bus as soon as SBSEND bit is cleared. If
the address sent is a header of 10-bit address, the hardware sets ADD10SEND bit after
sending header and software should clear the ADD10SEND bit by reading 12C_STATO
and writing 10-bit lower address tol2C_DATA.

4. After the 7-bit or 10-bit address is sent, the 12C hardware sets the ADDSEND bit and
software should clear the ADDSEND bit by reading I2C_STATO and then I12C_STATL. If
the address is in 10-bit format, software should then set STARTbit again to generate a
repeated START condition on I12C bus and SBSEND is set after the repeated START is
sent out. Software should clear the SBSEND bit by reading 12C_STATO0 and writing
header tol2C_DATA. Then the header is sent out to 12C bus, and ADDSEND is set again.
Software should again clear ADDSEND by reading I12C_STATO and then 12C_STAT1.

5. As soon as the first byte is received, RBNE is set by hardware. Software now can read
the first byte from I12C_DATA and RBNE is cleared as well.

6. Anytime RBNE is set, software can read a byte from 12C_DATA until the master receives
N-3 bytes.

As shown in Figure 17-13. Programming model for master receiving using solution B,
the N-2 byte is not read out by software, so after the N-1 byte is received, both BTC and
RBNE are asserted. The bus is stretched by master to prevent the reception of the last byte.
Then software should clear ACKEN bit.

7. Software reads out N-2 byte, clearing BTC. After this the N-1 byte is moved from shift
register to 12C_DATA and bus is released and begins to receive the last byte.

8. After last byte is received, both BTC and RBNE is set again. Software sets STOP bit and
master sends out a STOP condition on bus.

9. Software reads the N-1 byte, clearing BTC. After this the last byte is moved from shift
register to 12C_DATA.

10. Software reads the last byte, clearing RBNE.
Above steps require that byte number N>2. N=1 or N=2 are similar:
N=1

In Step4, software should reset ACK bit before clearing ADDSEND bit and set STOP bit after
clearing ADDSEND bit. Step 5 is the last step when N=1.

N=2

In Step 2, software should set POAP bit before set START bit. In Step 4, software should
reset ACKEN bit before clearing ADDSEND bit. In Step 5, software should wait until BTC is
set and then set STOP bit and reads 12C_DATA twice.
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Figure 17-13. Programming model for master receiving using solution B
I2C Line State Hardware Action Software Flow

| 1) Software initialization |

IDLE | 2) Set START |
Master generates START T

conqition ki
SCL stretched by master Y SetSBSEND |_.| 3) Clear SBSEND |
]
Master sends Header
Slave sends Acknowledge
Set ADD10SEND |—|
SCL stretched by master L’| 4) Clear ADD10SEND |

Master sends Address
Slave sends Acknowledge

ADDSEND
L'| SetADDS '—>| 4) Clear ADDSEND |
SCL stretched by master

| 4) Set START |
Master generates repeated ,

START (I:ondition
SCL stretched by master

—

SetSBSEND |
L 4) Clear sBSEND |

Master sends Header
Slave sends Acknowledge

_‘—'| Set ADDSEND
4) Clear ADDSEND |

SCL stretched by master

Slave sends DATA(1)
Master sends Acknowledge

I—>| Set RBNE I
...... ( Data transmission ) L’| 5) Read DATA(1) |
L SetRBNE |
Slave sends DATA(N-2) I L,| 6) Read DATA(N-3) |
Master sends Acknowledge
'—»| SetRBNE |

Slave sends DATA(N-1)
Master sends Acknowledge

I—’| Set RBNE and BTC
© an |—>| 7) Clear ACKEN |

| 8) Read DATA(N-2) |
|

L SetRBNE and BTC
}_‘—»{ 7) Set STOP |

SCL stretched by master |

SCL stretched by master

Slave sends DATA(N)
Master DON'T send Ack

Master generates STOP

condition | 8) Read DATA(N-1) |

| 9) Read DATAN) |

17.3.8. SCL line stretching

The SCL line stretching function is designed to avoid overflow error in reception and underflow

error in transmission. As is shown in Programming Model, when the TBE and BTC bit of a
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17.3.9.

17.3.10.

17.3.11.

transmitter is set, the transmitter stretches the SCL line low until the transfer buffer register is
filled with the next transmit data. When the RBNE and BTC bit of a receiver is set, the receiver
stretches the SCL line low until the data in the transfer buffer is read out.

When works in slave mode, the SCL line stretching function can be disabled by setting the
DISSTRC bit in the 12C_CTLO register. If this bit is set, the software is required to be quick
enough to serve the TBE, RBNE and BTC status, otherwise, overflow or underflow situation
might occur.

Use DMA for data transfer

As is shown in Programming Model, each time TBE or RBNE is asserted, software should
write or read a byte, this may cause CPU’s high overload. The DMA controller can be used to
process TBE and RBNE flag: each time TBE or RBNE is asserted, DMA controller does a
read or write operation automatically.

The DMA request is enabled by the DMAON bit in the 12C_CTL1 register. This bit should be
set after clearing the ADDSEND status. If the SCL line stretching function is disabled for a
slave device, the DMAON bit should be set before the ADDSEND event.

Refer to the specification of the DMA controller for the configuration method of a DMA stream.
The DMA controller must be configured and enabled before 12C transfer. When the configured
number of byte has been transferred, the DMA controller generates End of Transfer (EOT)
interrupt.

When a master receives two or more bytes, the DMALST bit in the 12C_CTL1 register should
be set. The 12C master will not send nack after the last byte. The software can set the STOP
bit to generate a stop condition in the ISR of the DMA EOT interrupt.

When a master receives only one byte, the ACKEN bit must be cleared before clearing the
ADDSEND status. Software can set the STOP bit to generate a stop condition after clearing
the ADDSEND status, or in the ISR of the DMA EOT interrupt.

Packet error checking

There is a CRC-8 calculator in 12C block to perform Packet Error Checking for 12C data. The
polynomial of the CRC is x8 + x2 + x + 1 which is compatible with the SMBus protocol. If
enabled by setting PECEN bit, the PEC will calculate all the data transmitted through 12C
including address. 12C is able to send out the PEC value after the last data byte or check the
received PEC value with its calculated PEC using the PECTRANS bit. In DMA mode, the 12C
will send or check PEC value automatically if PECEN bit is set.

SMBuUs support

The System Management Bus (abbreviated to SMBus or SMB) is a single-ended simple two-

wire bus for the purpose of lightweight communication. Most commonly it is found in computer
484



<

GigaDevice

GD32F10x User Manual

motherboards for communication with power source for ON/OFF instructions.It is derived from
I12C for communication with low-bandwidth devices on a motherboard, especially power
related chips such as a laptop's rechargeable battery subsystem (see Smart Battery Data).

SMBus protocol

Each message transaction on SMBus follows the format of one of the defined SMBus
protocols. The SMBus protocols are a subset of the data transfer formats defined in the 12C
specifications. 12C devices that can be accessed through one of the SMBus protocols are
compatible with the SMBus specifications. 12C devices that do not adhere to these protocols
cannot be accessed by standard methods as defined in the SMBus and Advanced
Configuration and Power Management Interface (abbreviated to ACPI) specifications.

Address resolution protocol

The SMBus uses [12C hardware and 12C hardware addressing, but adds second-level
software for building special systems. Additionally, its specifications include an Address
Resolution Protocol that can make dynamic address allocations. Dynamic reconfiguration of
the hardware and software allow bus devices to be ‘hot-plugged’ and used immediately,
without restarting the system. The devices are recognized automatically and assigned unique
addresses. This advantage results in a plug-and-play user interface. In both those protocols
there is a very useful distinction made between a System Host and all the other devices in
the system that can have the names and functions of masters or slaves.

Time-out feature

SMBus has a time-out feature which resets devices if a communication takes too long. This
explains the minimum clock frequency of 10 kHz to prevent locking up the bus. 12C can be a
‘DC’ bus, meaning that a slave device stretches the master clock when performing some
routine while the master is accessing it. This will notify to the master that the slave is busy but
does not want to lose the communication. The slave device will allow continuation after its
task is completed. There is no limit in the 12C bus protocol as to how long this delay can be,
whereas for a SMBus system, it would be limited to 35ms. SMBus protocol just assumes that
if something takes too long, then it means that there is a problem on the bus and that all
devices must reset in order to clear this mode. Slave devices are not allowed to hold the clock
low too long.

Packet error checking

SMBus 2.0 and 1.1 allow Packet Error Checking (PEC). In that mode, a PEC (packet error
code) byte is appended at the end of each transaction. The byte is calculated as CRC-8
checksum, calculated over the entire message including the address and read/write bit. The
polynomial used is x8+x2+x+1 (the CRC-8-ATM HEC algorithm, initialized to zero).
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17.3.12.

SMBus alert

The SMBus has an extra optional shared interrupt signal called SMBALERT# which can be
used by slaves to tell the host to ask its slaves about events of interest. SMBus also defines
a less common "Host Notify Protocol", providing similar notifications but passing more data
and building on the 12C multi-master mode.

SMBus programming flow

The programming flow for SMBus is similar to normal 12C. In order to use SMBus mode, the

application should configure several SMBus specific registers, response to some SMBus

specific flags and implement the upper protocols described in SMBus specification.

1. Before communication, SMBEN bit in I2C_CTLO should be set and SMBSEL and ARPEN
bits should be configured to desired value.

2. In order to support address resolution protocol (ARP) (ARPEN=1), the software should
response to HSTSMB flag in SMBus Host Mode (SMBTYPE =1) or DEFSMB flag in
SMBus Device Mode, and implement the function of ARP protocol.

3. In order to support SMBus Alert Mode, the software should response to SMBALT flag

and implement the related function.

Status, errors and interrupts

There are several status and error flags in 12C, and interrupt may be asserted from these

flags by setting some register bits (refer to 12C register for detail).

Tablel7-2. Event status flags

Event Flag Name

Description

SBSEND START condition sent (master)
ADDSEND Address sent or received
ADD10SEND Header of 10-bit address sent
STPDET STOP condition detected
BTC Byte transmission completed
TBE I2C_DATA is empty when transmitting
RBNE 12C_DATA is not empty when receiving

Tablel7-3. 12C error flags

12C Error Name Description
BERR Bus error
LOSTARB Arbitration lost
OUERR Over-run or under-run when SCL stretch is disabled.
AERR No acknowledge received
PECERR CRC value doesn’'t match
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12C Error Name

Description

SMBTO

Bus timeout in SMBus mode

SMBALT

SMBus Alert
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17.4. Register definition

17.4.1. Control register 0 (1I2C_CTLO0)

Address offset: 0x00
Reset value: 0x0000

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PECTRA
SRESET | Reserved SALT POAP ACKEN STOP START SS GCEN PECEN ARPEN | SMBSEL | Reserved | SMBEN I12CEN
NS

rw 1 w w w w w w w w w w rw w
Bits Fields Descriptions
15 SRESET Software reset 12C, software should wait until the 12C lines are released to reset

the 12C

0: 12C is not under reset
1: 12C is under reset

14 Reserved Must be kept the reset value

13 SALT SMBus Alert.
Issue alert through SMBA pin.
Software can set and clear this bit and hardware can clear this bit.
0: Don't issue alert through SMBA pin
1: Issue alert through SMBA pin

12 PECTRANS PEC Transfer
Software set and clear this bit while hardware clears this bit when PEC is
transferred or START/STOP condition detectedor I2CEN=0
0: Don't transfer PEC value
1: Transfer PEC

11 POAP Position of ACK and PEC when receiving
This bit is set and cleared by software and cleared by hardware when 12CEN=0
0: ACKEN bit specifies whether to send ACK or NACK for the current byte that is
being received. PECTRANS bit indicates that the current receiving byte is a PEC
byte
1: ACKEN bit specifies whether to send ACK or NACK for the next byte that is to
be received, PECTRANS bit indicates the next byte that is to be received is a PEC
byte

10 ACKEN Whether or not to send an ACK

This bit is set and cleared by software and cleared by hardware when 12CEN=0
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STOP

START

SS

GCEN

PECEN

ARPEN

SMBSEL

Reserved

SMBEN

I2CEN

0: ACK will not be sent
1: ACK will be sent

Generate a STOP condition on 12C bus

This bit is set and cleared by software and set by hardware when SMBUs timeout
and cleared by hardware when STOP condition detected.

0: STOP will not be sent

1: STOP will be sent

Generate a START condition on 12C bus

This bit is set and cleared by software and and cleared by hardware when START
condition detected or I2CEN=0

0: START will not be sent

1: START will be sent

Whether to stretch SCL low when data is not ready in slave mode.
This bit is set and cleared by software.

0: SCL Stretching is enabled

1: SCL Stretching is disabled

Whether or not to response to a General Call (0x00)
0: Slave won’t response to a General Call

1: Slave will response to a General Call

PEC Calculation Switch
0: PEC Calculation off
1: PEC Calculation on

ARP protocol in SMBus switch
0: ARP is disabled
1: ARP is enabled

SMBusType Selection
0: Device
1: Host

Must keep the reset value

SMBus/I2C mode switch
0: 12C mode
1: SMBus mode

12C peripheral enable
0: 12C is disabled
1: 12C is enabled
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17.4.2. Control register 1 (1I2C_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 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ DMALST ‘ DMAON ‘ BUFIE ‘ EVIE ‘ ERRIE ‘ Reserved ‘ 12CCLK][5:0]
rw I\ I\ rw I\ w
Bits Fields Descriptions
15:13 Reserved Must be kept the reset value
12 DMALST Flag indicating DMA last transfer
0: Next DMA EOT is not the last transfer
1: Next DMA EOT is the last transfer
11 DMAON DMA mode switch
0: DMA mode disabled
1: DMA mode enabled
10 BUFIE Buffer interrupt enable
0: No interrupt asserted when TBE =1 or RBNE =1
1: Interrupt asserted when TBE = 1 or RBNE =1 if EVIE=1
9 EVIE Event interrupt enable
0: Event interrupt disabled
1: Event interrupt enabled, means that interrupt will be generated when SBSEND,
ADDSEND, ADD10SEND, STPDET or BTC flag asserted or TBE=1 or RBNE=1 if
BUFIE=1.
8 ERRIE Error interrupt enable
0: Error interrupt disabled
1: Error interrupt enabled, means that interrupt will be generated when BERR,
LOSTARB, AERR, OUERR, PECERR, SMBTO or SMBALT flag asserted.
7:6 Reserved Must be kept the reset value
5:0 12CCLK][5:0] 12C Peripheral clock frequency

I2CCLK][5:0]should be the frequency of input APB1 clock in MHz which is at least
2.

000000 - 000001: Not allowed

000010 - 110110: 2 MHz~54MHz

110111 - 111111: Not allowed due to the limitation of APB1 clock

Note:

In 12C standard mode, the frequencies of APB1 must be equal or greater than
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2MHz. In 12C fast mode, the frequencies of APB1 must be equal or greater than
8MHz.

17.4.3. Slave address register 0 (I2C_SADDRO)

Address offset: 0x08
Reset value: 0x0000

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDFOR ADDRES
Reserved ADDRESS[9:8] ADDRESS[7:1]
MAT SO0
w w w w
Bits Fields Descriptions
15 ADDFORMAT Address mode for the 12C slave

0: 7-bit Address
1: 10-bit Address

14:10 Reserved Must be kept the reset value

9:8 ADDRESS[9:8] Highest two bits of a 10-bit address

7:1 ADDRESSJ[7:1] 7-bit address or bits 7:1 of a 10-bit address
0 ADDRESSO Bit O of a 10-bit address

17.4.4. Slave address register 1 (I2C_SADDR1)

Address offset: Ox0C
Reset value: 0x0000

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ’ ADDRESS2[7:1] ‘DUADEN |
w w
Bits Fields Descriptions
15:8 Reserved Must be kept the reset value
7:1 ADDRESS2[7:1] Second I2C address for the slave in Dual-Address mode
0 DUADEN Dual-Address mode switch

0: Dual-Address mode disabled
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1: Dual-Address mode enabled
17.4.5. Transfer buffer register (12C_DATA)
Address offset: 0x10
Reset value: 0x0000
This register can be accessed by word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ TRBJ[7:0]
12
Bits Fields Descriptions
15:8 Reserved Must be kept the reset value
7:0 TRB[7:0] Transmission or reception data buffer
17.4.6. Transfer status register 0 (I2C_STATO)
Address offset: 0x14
Reset value: 0x0000
This register can be accessed byhalf-word (16-bit) or word (32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LOSTAR ADD10S ADDSEN
SMBALT | SMBTO |Reserved | PECERR | OUERR AERR BERR TBE RBNE |Reserved | STPDET BTC SBSEND
B END D
rc_wo rc_w0 rc_wo rc_wo rc_w0 rc_wo rc_w0 r r r r r r r
Bits Fields Descriptions
15 SMBALT SMBus Alert status
This bit is set by hardware and cleared by writing O.
0: SMBA pin not pulled down (device mode) or no Alert detected (host mode)
1: SMBA pin pulled down (device mode) or Alert detected (host mode)
14 SMBTO Timeout signal in SMBus mode
This bit is set by hardware and cleared by writing O.
0: No timeout error
1: Timeout event occurs (SCL is low for 25 ms)
13 Reserved Must keep the reset value
12 PECERR PEC error when receiving data

This bit is set by hardware and cleared by writing O.
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0: Received PEC and calculated PEC match
1: Received PEC and calculated PEC don’t match, 12C will send NACK careless of
ACKEN bit.

11 OUERR Over-run or under-run situation occurs in slave mode, when SCL stretching is
disabled. In slave receiving mode, if the last byte in I2C_DATA is not read out
while the following byte is already received, over-run occurs. In slave transmitting
mode, if the current byte is already sent out, while the 12C_DATA is still empty,
under-run occurs.

This bit is set by hardware and cleared by writing O.
0: No over-run or under-run occurs
1: Over-run or under-run occurs

10 AERR Acknowledge Error
This bit is set by hardware and cleared by writing 0.

0: No Acknowledge Error
1: Acknowledge Error

9 LOSTARB Arbitration Lost in master mode
This bit is set by hardware and cleared by writing O.

0: No Arbitration Lost
1: Arbitration Lost occurs and the 12C block changes back to slave mode.

8 BERR A bus error occurs indication a unexpected START or STOP condition on 12C bus
This bit is set by hardware and cleared by writing O.

0: No bus error
1: A bus error detected

7 TBE 12C_DATA is Empty during transmitting
This bit is set by hardware after it moves a byte from I12C_DATA to shift register
and cleared by writing a byte to 12C_DATA. If both the shift register and
12C_DATA are empty, writing 12C_DATA won'’t clear TBE (refer to Programming
Model for detail).

0: I2C_DATA is not empty
1: 12C_DATA is empty, software can write

6 RBNE 12C_DATA is not Empty during receiving
This bit is set by hardware after it moves a byte from shift register to 12C_DATA
and cleared by reading 12C_DATA. If both BTC and RBNE are asserted, reading
12C_DATA won’t clear RBNE because the shift register’s byte is moved to
12C_DATA immediately.

0: 12C_DATA is empty

1: I2C_DATA is not empty, software can read
Reserved Must be kept the reset value
STPDET STOP condition detected in slave mode
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This bit is set by hardware and cleared by reading I12C_STATO and then writing
I2C_CTLO
0: STOP condition not detected in slave mode

1: STOP condition detected in slave mode

3 ADD10SEND Header of 10-bit address is sent in master mode
This bit is set by hardware and cleared by reading 12C_STATO and writing
12C_DATA.
0: No header of 10-bit address sent in master mode

1: Header of 10-bit address is sent in master mode

2 BTC Byte transmission completed.
If a byte is already received in shift register but [I2C_DATA is still full in receiving
mode or a byte is already sent out from shift register but I2C_DATA is still empty
in transmitting mode, the BTC flag is asserted.
This bit is set by hardware.
This bit can be cleared by 3 ways as follow:
Reading 12C_STATO followed by reading or writing
Hardware clearing: sending the STOP condition or START condition
Bit O (I2CEN bit) of the 12C_CTLO is reset.
0: BTC not asserted
1: BTC asserted

1 ADDSEND Address is sent in master mode or received and matches in slave mode.
This bit is set by hardware and cleared by reading 12C_STATO and reading
12C_STAT1.
0: No address sent or received
1: Address sent out in master mode or a matched address is received in salve

mode

0 SBSEND START condition sent out in master mode
This bit is set by hardware and cleared by reading I2C_STATO and writing
12C_DATA
0: No START condition sent
1: START condition sent

17.4.7. Transfer status register 1 (12C_STAT1)
Address offset: 0x18
Reset value: 0x0000

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

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

PECV[7:0] ‘DUMODF‘ HSTSMB ‘ DEFSMB ‘ RXGC |Reserved TR ‘ 12CBSY ‘ MASTER |
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r r r r r r r
Bits Fields Descriptions
15:8 PECV][7:0] Packet Error Checking Value that calculated by hardware when PEC is enabled.
7 DUMODF Dual Flag in slave mode indicating which address is matched in Dual-Address
mode
This bit is cleared by hardware after a STOP or a START condition or I2CEN=0
0: OAR1 address matches
1: OAR2 address matches
6 HSTSMB SMBus Host Header detected in slave mode
This bit is cleared by hardware after a STOP or a START condition or I2CEN=0
0: No SMBus Host Header detected
1: SMBus Host Header detected
5 DEFSMB Default address of SMBusDevice
This bit is cleared by hardware after a STOP or a START condition or I2CEN=0.
0: Thedefault address has not beenreceived
1: Thedefault address has been received for SMBus Device
4 RXGC General call address (00h) received.
This bit is cleared by hardware after a STOP or a START condition or I2CEN=0.
0: No general call address (00h) received
1: General call address (00h) received
Reserved Must be kept the reset value
TR Whether the 12C is a transmitter or a receiver
This bit is cleared by hardware after a STOP or a START condition or I2CEN=0 or
LOSTARB=1.
0: Receiver
1: Transmitter
1 12CBSY Busy flag
This bit is cleared by hardware after a STOP condition
0: No 12C communication.
1: 12C communication active.
0 MASTER A flag indicating whether 12C block is in master or slave mode.

This bit is cleared by hardware after a STOP or a START condition or I2CEN=0 or
LOSTARB=1.

0: Slave mode

1: Master mode
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17.4.8. Clock configure register (12C_CKCFG)

Address offset: 0x1C
Reset value: 0x0000

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

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

w w I\
Bits Fields Descriptions
15 FAST I12C speed selection in master mode

0: Standard speed
1: Fast speed

14 DTCY Duty cycle in fast mode
0: Tlow/Thigh =2
1 Tlow/Thigh = 16/9

13:12 Reserved Must be kept the reset value

11:0 CLKCJ[11:0] 12C Clock control in master mode
In standard speed mode: Tyigh = Tiow = CLKC * Tpckq
In fast speed mode, if DTCY=0:
Thigh = CLKC * Tpcrks + Tiow = 2 * CLKC * Tperks
In fast speed mode, if DTCY=1:
Thigh = 9 * CLKC * Tpcrk1 5 Tiow = 16 % CLKC * Tpcrkq

17.4.9. Rise time register (I2C_RT)

Address offset: 0x20
Reset value: 0x0002

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

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ RISETIME[5:0]
w
Bits Fields Descriptions
15:6 Reserved Must be kept the reset value
5:0 RISETIME[5:0] Maximum rise time in master mode

The RISETIME value should be the maximum SCL rise time incremented by 1.
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18. Serial peripheral interface/lnter-IC sound (SPI1/12S)
18.1. Overview
The SPI/I2S module can communicate with external devices using the SPI protocol or the 12S
audio protocol.
The Serial Peripheral Interface (SPI) provides a SPI protocol of data transmission and
reception function in master or slave mode. Both full-duplex and simplex communication
modes are supported, with hardware CRC calculation and checking.
The inter-IC sound (I2S) supports four audio standards: 12S Phillips standard, MSB justified
standard, LSB justified standard, and PCM standard. 12S works at either master or slave
mode for transmission and reception.
18.2. Characteristics
18.2.1. SPI characteristics
B Master or slave operation with full-duplex or simplex mode.
B Separate transmit and receive buffer, 16 bits wide.
B Data frame size can be 8 or 16 bits.
B Bit order can be LSB first or MSB first.
B Software and hardware NSS management.
B Hardware CRC calculation, transmission and checking.
B Transmission and reception using DMA.
18.2.2. I2S characteristics

Master or slave operation with transmission or reception mode.

Four 12S standards supported: Phillips, MSB justified, LSB justified and PCM standard.
Data length can be 16 bits, 24 bits or 32 bits.

Channel length can be 16 bits or 32 bits.

Transmission and reception using a 16 bits wide buffer.

Audio sample frequency can be 8 kHz to 192 kHz using 12S clock divider.
Programmable idle state clock polarity.

Master clock (MCK) can be output.

Transmission and reception using DMA.
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18.3. SPI block diagram
Figure 18-1. Block diagram of SPI
N\
——SYSCLK
}
O pap
. Clock Generator ' scK
Control
Registers
§<:> «——{ TxRx Control Logic NSS
TX Buffer L
RX Buffer |«
A4
18.4. SPI signal description
18.4.1. Normal configuration

Table 18-1. SPI signal description

Pin Name

Direction

Description

SCK

/0

Master: SPI Clock Output
Slave: SPI Clock Input

MISO

/0

Master: Data reception line

Slave: Data transmission line

Master with Bidirectional mode: Not used

Slave with Bidirectional mode: Data transmission and reception

Line.

MOSI

/0

Master: Data transmission line
Slave: Data reception line
Master with Bidirectional mode: Data transmission and
reception Line.

Slave with Bidirectional mode: Not used

NSS

/0

Software NSS Mode: Not Used

Master in Hardware NSS Mode: NSS output (NSSDRV=1) for
single master or (NSSDRV=0) for multi-master application.
Slave in Hardware NSS Mode: NSS input, as a chip select

signal for slave.

Note: The pin as input must be configured as in floating mode.
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18.5.

18.5.1.

18.5.2.

SPI function overview

SPI clock timing and data format

CKPL and CKPH bits in SPI_CTLO register decide the timing of SPI clock and data signal.
The CKPL bit decides the SCK level when idle and CKPH bit decides either first or second
clock edge is a valid sampling edge.

Figure 18-2. SPI timing diagram in normal mode

SCK (CKPH=0 CKPL=0) — MLl ririririri
SCK (CKPH=0CKPL=1) — [ rlLrirrirr
SCK (CKPH=1CKPL=0) __ Ml Il rlriririrri
SCK (CKPH=1CKPL=1) — L/l L/l rlLriLrrir—

MOSI p[olX

MISO DoIX

NSS T\ [

LF=1,FF16=0

In normal mode, the length of data is configured by the FF16 bit in the SPI_CTLO register.
Data length is 16 bits if FF16=1, otherwise is 8 bits.

Data order is configured by LF bit in SPI_CTLO register, and SPI will first send the LSB if
LF=1, or the MSB if LF=0.

NSS function

Slave Mode

When slave mode is configured (MSTMOD=0), SPI gets NSS level from NSS pin in hardware
NSS mode (SWNSSEN = 0) or from SWNSS bit in software NSS mode (SWNSSEN = 1) and
transmits/receives data only when NSS level is low. In software NSS mode, NSS pin is not
used.

Master mode

In master mode (MSTMOD-=1) if the application uses multi-master connection, NSS can be
configured to hardware input mode (SWNSSEN=0, NSSDRV=0) or software mode
(SWNSSEN=1). Then, once the NSS pin (in hardware NSS mode) or the SWNSS bit (in
software NSS mode) goes low, the SPI automatically enters to slave mode and triggers a
master fault flag CONFERR.
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18.5.3.

If the application wants to use NSS line to control the SPI slave, NSS should be configured
to hardware output mode (SWNSSEN=0, NSSDRV=1). NSS stays high after SPI is enabled

and goes low when transmission or reception process begins.

The application may also use a general purpose 10 as NSS pin to realize more flexible NSS.

SPI operation modes

Table 18-2. SPI operation modes

Mode Description Register Configuration Data Pin Usage
MSTMOD =1
MFD  |Master Full-Duplex RO =0 MOSI: Transmisjsion
BDEN =0 MISO: Reception
BDOEN: Don'’t care
MSTMOD =1
Master Transmission with RO =0 MOSI: Transmission
MTY unidirectional connection BDEN =0 MISO: Not used
BDOEN: Don'’t care
MSTMOD =1
MRU Master Reception with RO=1 MOSI: Not used
unidirectional connection BDEN =0 MISO: Reception
BDOEN: Don’t care
MSTMOD =1
Master Transmission with RO =0 MOSI: Transmission
MTB bidirectional connection BDEN =1 MISO: Not used
BDOEN =1
MSTMOD =1
MRE Master Reception with RO =0 MOSI: Reception
bidirectional connection BDEN =1 MISO: Not used
BDOEN =0
MSTMOD =0
SFD |Slave Full-Duplex RO=0 MOSE Recep'tio.n
BDEN =0 MISO: Transmission
BDOEN: Don’t care
MSTMOD =0
Slave Transmission with RO=0 MOSI: Not used
sTU unidirectional connection BDEN =0 MISO: Transmission
BDOEN: Don’t care
MSTMOD =0
SRU Slave  Reception  with RO=1 MOSI: Reception
unidirectional connection BDEN =0 MISO: Not used
BDOEN: Don’t care
STB |[Slave Transmission with MSTMOD =0 MOSI: Not used
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Mode Description Register Configuration Data Pin Usage
bidirectional connection RO =0 MISO: Transmission
BDEN =1
BDOEN =1
MSTMOD =0
Slave  Reception  with RO =0 MOSI: Not used
SRB bidirectional connection BDEN =1 MISO: Reception
BDOEN =0

Master
MFD

Figure 18-3. A typical Full-duplex connection

SCK

MISO

MOSI

NSS

Slave
SFD

SCK

MISO

MOSI

NSS

Figure 18-4. A typical simplex connection (Master: Receive, Slave: Transmit)

Master
MRU

SCK

MISO

NSS

MOSI

Slave
STU

SCK

MISO

MOSI

NSS

Figure 18-5. A typical simplex connection (Master: Transmit only, Slave: Receive)

Master
MTU

NS

SCK

MISO

MOSI

Slave
SRU

SCK

MISO

MOSI

NSS

S
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Figure 18-6. A typical bidirectional connection

Master Slave
MTB/MRB SRB/STB
SCK SCK
MISO » MISO
MOSI « MOSI
NSS NSS

SPl initialization sequence

Before transmiting or receiving data, application should follow the SPI initialization sequence
described below:

1. If master mode is used, program the PSC [2:0] bits in SPI_CTLO register to generate
SCK with desired baud rate, otherwise, ignore this step.

2. Program data format (FF16 bit in the SPI_CTLO register).
3. Program the clock timing register (CKPL and CKPH bits in the SPI_CTLO register).
4. Program the frame format (LF bit in the SPI_CTLO register).

5. Program the NSS mode (SWNSSEN and NSSDRYV bits in the SPI_CTLO register)
according to the application’s demand as described above in_ NSS function section.

6. Configure MSTMOD, RO, BDEN and BDOEN depending on the operation modes
described above.

7. Enable the SPI (set the SPIEN bit).

Note: Before reconfiguring SPI clock, disable SPI. If done, then enable SPI to make
reconfiguration take effect.

SPI basic transmission and reception sequence

Transmission sequence

After the initialization sequence, the SPI is enabled and stays at idle state. In master mode,
the transmission starts when the application writes a data into the transmit buffer. In slave
mode the transmission starts when SCK clock signal begins to toggle at SCK pin and NSS
level is low, so application should ensure that data is already written into transmit buffer before
the transmission starts in slave mode.

When SPI begins to send a data frame, it first loads this data frame from the data buffer to
the shift register and then begins to transmit the loaded data frame, TBE (transmit buffer

empty) flag is set after the first bit of this frame is transmited. After TBE flag is set, which
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means the transmit buffer is empty, the application should write SPI_DATA register again if it
has more data to transmit.

In master mode, software should write the next data into SPI_DATA register before the
transmission of current data frame is completed if it desires to generate continuous
transmission.

Reception sequence

The incoming data will be moved from shift register to the receive buffer after the last valid
sample clock and also, RBNE (receive buffer not empty) will be set. The application should
read SPI_DATA register to get the received data and this will clear the RBNE flag
automatically. In MRU and MRB modes, hardware continuously sends clock signal to receive
the next data frame, while in full-duplex master mode (MFD), hardware only receives the next
data frame when the transmit buffer is not empty.

Note: In SPI slave mode, if the number of input clock circle is not integral multiple of 8 or 16,
which depends on bit width by configuration, and NSS is closed, SPI does not clear the count,
if NSS is enabled, it transmits or receives new data after waiting for the corresponding number
of clock circle. It can be solved by SPI disabled then SPI enabled.

SPI operation sequence in different modes

In full-duplex mode, either MFD or SFD, application should monitor the RBNE and TBE flags
and follow the sequences described above.

The transmission mode (MTU, MTB, STU or STB) is similar to full-duplex mode, except that
application should ignore the RBNE and OVRE flags and only perform transmission sequence
described above.

In master reception mode (MRU or MRB), the behavior is different from full-duplex mode or
transmission mode. In MRU or MRB mode, the SPI continuously generates SCK just after
SPIl is enabled, until the SPI is disabled. So the application should ignore the TBE flag and
read out reception buffer in time after the RBNE flag is set, otherwise a data overrun fault will
occur.

The slave reception mode (SRU or SRB) is similar to full-duplex mode, except that application
should ignore the TBE flag and only perform reception sequence described above.

SPI disabling sequence
Different sequences are used to disable the SPI in different operation modes:

MFD SFD

Wait for the last RBNE flag and then receive the last data. Confirm that TBE=1 and TRANS=0.
At last, disable the SPI by clearing SPIEN bit.
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18.5.4.

18.5.5.

MTU MTB STU STB

Write the last data into SPI_DATA and wait until the TBE flag is set and then wait until the
TRANS flag is cleared. Disable the SPI by clearing SPIEN bit.

MRU MRB

After getting the second last RBNE flag, read out this data and delay for a SCK clock time
and then, disable the SPI by clearing SPIEN bit. Wait until the last RBNE flag is set and read
out the last data.

SRU SRB

Application can disable the SPI when it doesn’t want to receive data, and then wait until the
TRANS=0 to ensure the on-going transfer completes.

DMA function

The DMA function frees the application from data writing and reading process during transfer,
to improve the system efficiency.

DMA function in SPI is enabled by setting DMATEN and DMAREN bits in SPI_CTL1 register.
To use DMA function, application should first correctly configure DMA modules, then
configure SPI module according to the initialization sequence, at last enable SPI.

After being enabled, If DMATEN is set, SPI will generate a DMA request each time TBE=1,
then DMA will acknowledge to this request and write data into the SPI_DATA register
automatically. If DMAREN is set, SPI will generate a DMA request each time RBNE=1, then
DMA will acknowledge to this request and read data from the SPI_DATA register
automatically.

CRC function

There are two CRC calculators in SPI: one for transmission and the other for reception. The
CRC calculation uses the polynomial in SPI_CRCPOLY register.

Application can switch on the CRC function by setting CRCEN bit in SPI_CTLO register. The
CRC calculators continuously calculate CRC for each bit transmitted and received on lines,
and the calculated CRC values can be read from SPI_TCRC and SPI_RCRC register.

To transmit the calculated CRC value, application should set the CRCNT bit in SPI_CTLO
register after the last data is written to the transmit buffer. In full-duplex mode (MFD or SFD)
the SPI treats the incoming data as a CRC value when it transmits a CRC and will check the
received CRC value. In reception mode (MRB, MRU, SRU and SRB), the application should
set the CRCNT bit after the second-last data frame is received. When CRC checking fails,
the CRCERR flag will be set.

If DMA function is enabled, application doesn’t need to operate CRCNT bit and hardware will
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18.6.

18.6.1.

18.6.2.

automatically process the CRC transmitting and checking.

SPI interrupts

Status flags

B Transmit buffer empty flag (TBE)

This bit is set when the transmit buffer is empty, the software can write the next data to the
transmit buffer by writing the SPI_DATA register.

B Receive buffer not empty flag (RBNE)

This bit is set when receive buffer is not empty, which means that one data is received and
stored in the receive buffer, and software can read the data by reading the SPI_DATA register.

B SPI Transmitting On-Going flag (TRANS)

TRANS is a status flag to indicate whether the transfer is on-going or not. It is set and cleared
by internal hardware and not controlled by software. This flag doesn’t generate any interrupt.

Note: TRANS is set after the first bit is transmitted. So TBE or RBNE must be judged as the
communication finished, instead of TRANS.

Error conditions

B Configuration Fault Error (CONFERR)

CONFERR is an error flag in master mode. In NSS hardware mode and the NSSDRYV is not
enabled, the CONFERR is set when the NSS pin is pulled low. In NSS software mode, the
CONFERR is set when the SWNSS bit is 0. When the CONFERR is set, the SPIEN bit and
the MSTMOD bit are cleared by hardware, the SPI is disabled and the device is forced into
slave mode.

The SPIEN and MSTMOD bit are write protection until the CONFERR is cleared. The
CONFERR bit of the slave cannot be set. In a multi-master configuration, the device can be
in slave mode with CONFERR bit set, which means there might have been a multi-master
conflict for system control.

B Rx Overrun Error (RXORERR)

The RXORERR bit is set if a data is received when the RBNE is set. That means, the last
data has not been read out and the newly incoming data is received. The receive buffer
contents won’t be covered with the newly incoming data, so the newly incoming data is lost.

B CRC Error (CRCERR)
When the CRCEN bit is set, the CRC calculation result of the received data in the SPI_RCRC
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register is compared with the received CRC value after the last data, the CRCERR is set
when they are different.

Table 18-3. SPI interrupt requests

- Interrupt
Flag Description Clear Method .
Enable bit
TBE Transmit buffer empty Write SPI_DATA register. TBEIE
RBNE Receive buffer not empty Read SPI_DATA register RBNEIE
Read or write SPI_STAT
CONFERR [Configuration Fault Error register, then write SPI_CTLO
register.
- ERRIE
Read SPI_DATA register, then
RXORERR |Rx Overrun Error )
read SPI_STAT register.
CRCERR [CRC error Write 0 to CRCERR bit
18.7. I2S block diagram

Figure 18-7. Block diagram of 12S

12SCLK:
/\ i OPAD «—> [2S_MCK
|
Control Clock Generator .
Registers a0 > SPLSCK
. >
Master Control Logic
3 L TPAD s SPLNSS
Q= Slave Control Logic
16
TX Buffer its—~ 1
OPAD |, SPI_MOSI/
vss| Shift Register |«sg | 255D
16
RX Buffer [« foits—~
NS

There are five sub modules to support 12S function, including control registers, clock
generator, master control logic, slave control logic and shift register. All the user configuration
registers are implemented in the control registers module, including the TX buffer and RX
buffer. The clock generator is used to produce 12S communication clock in master mode. The
master control logic is implemented to generate the 12S_WS signal and control the
communication in master mode. The slave control logic is implemented to control the
communication in slave mode according to the received 12SCK and 12S_WS. The shift
register handles the serial data transmission and reception on 12S_SD.

507



<

GigaDevice

GD32F10x User Manual

18.8.

18.9.

18.9.1.

I2S signal description

There are four pins on the 12S interface, including 12S_CK, 12S_WS, 12S_SD and 12S_MCK.
I12S_CK is the serial clock signal, which shares the same pin with SPI_SCK. I12S_WS is the
frame control signal, which shares the same pin with SPI_NSS. 12S_SD is the serial data
signal, which shares the same pin with SPI_MOSI. 12S_MCK is the master clock signal. It
produces a frequency rate equal to 256 x Fs, and Fs is the audio sampling frequency.

I2S function overview

I12S audio standards

The 12S audio standard is selected by the I2SSTD bits in the SPI_I12SCTL register. Four audio
standards are supported, including 12S Phillips standard, MSB justified standard, LSB justified
standard, and PCM standard. All standards except PCM handle audio data time-multiplexed
on two channels (the left channel and the right channel). For these standards, the [12S_WS
signal indicates the channel side. For PCM standard, the 12S_WS signal indicates frame
synchronization information.

The data length and the channel length are configured by the DTLEN bits and CHLEN bit in
the SPI_I2SCTL register. Since the channel length must be greater than or equal to the data
length, four packet types are available. They are 16-bit data packed in 16-bit frame, 16-bit
data packed in 32-bit frame, 24-bit data packed in 32-bit frame, and 32-bit data packed in 32-
bit frame. The data buffer for transmission and reception is 16-bit wide. In the case that the
data length is 24 bits or 32 bits, two write or read operations to or from the SPI_DATA register
are needed to complete a frame. In the case that the data length is 16 bits, only one write or
read operation to or from the SPI_DATA register is needed to complete a frame. When using
16-bit data packed in 32-bit frame, 16-bit O is inserted by hardware automatically to extend
the data to 32-bit format.

For all standards and packet types, the most significant bit (MSB) is always sent first. For all
standards based on two channels time-multiplexed, the channel left is always sent first
followed by the channel right.

I2S Phillips standard

For 12S Phillips standard, 12S_WS and 12S_SD are updated on the falling edge of 12S_CK.
The timing diagrams for each configuration are shown below.
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Figure 18-8. I12S Phillips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0)

frame 2 (channel

frame 1 (channel left) right
s ck /M /AT
2S WS T\ § /
12S_SD X wse X X -)(ﬂm ) X s X wse X X Y X_

Figure 18-9. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1)

frame 1 (channel left) frame 2 (channel

right
12S_CK NIV2n U2\ o \ian U n \Van i/ an IV 2\ an I an Nl
12S_ WS =\ /
16-bit data
12S_SD X wse X X X X tsB X wse X X Y X_

=| =

When the packet type is 16-bit data packed in 16-bit frame, only one write or read operation
to or from the SPI_DATA register is needed to complete a frame.

Figure 18-10. 12S Phillips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0)

frame 1 (channel left) frame 2 (channel

right
12S_CK /A UV NN e\l W an IV an U/ an IV A\ an ANl
12S_ WS =\ /
32-bit data
12S_SD X wse X X X X tsB X wse X X Y X_

=| =

Figure 18-11. 12S Phillips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1)

frame 2 (channel

frame 1 (channel left) right
sk T\ /AT
2S WS T\ § /
12S_SD X wse X X -)(ﬂm ) X s X wse X X Y X_

When the packet type is 32-bit data packed in 32-bit frame, two write or read operations to or
from the SPI_DATA register are needed to complete a frame. In transmission mode, if a 32-
bit data is going to be sent, the first data written to the SPI_DATA register should be the higher
16 bits, and the second one should be the lower 16 bits. In reception mode, if a 32-bit data is
received, the first data read from the SPI_DATA register should be higher 16 bits, and the
second one should be the lower 16 bits.

Figure 18-12. 12S Phillips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0)

frame 2 (channel

frame 1 (channel left) right
12S_CK Vo an U \Wan W\ e\l W an NV an G/ an NIV an NV an
2S_Ws T\ f f /
24-bit dater : -bit 0
12S_SD X wse X ) X ise \ § Y wss X X X_

509



<

GigaDevice GD32F10x User Manual
Figure 18-13. I12S Phillips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1)

frame 2 (channel

frame 1 (channel left) right
12S_CK N2 U2 \Wan W\ aa\lan W anNan G/ an NIV an NV an
2S_Ws T\ f f /
24-bit dater : -bit 0
12S_SD X wse X ) X se \ § Y wss X X X_

When the packet type is 24-bit data packed in 32-bit frame, two write or read operations to or
from the SPI_DATA register are needed to complete a frame. In transmission mode, if a 24-
bit data D[23:0] is going to be sent, the first data written to the SPI_DATA register should be
the higher 16 bits: D[23:8], and the second one should be a 16-bit data. The higher 8 bits of
this 16-bit data should be D[7:0] and the lower 8 bits can be any value. In reception mode, if
a 24-bit data D[23:0] is received, the first data read from the SPI_DATA register is D[23:8],
and the second one is a 16-bit data. The higher 8 bits of this 16-bit data are D[7:0] and the
lower 8 bits are zeros.

Figure 18-14. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0)

frame 2 (channel

frame 1 (channel left) right
12S_CK Vo an U \Wan W\ e\l W an NV an G/ an NIV an NV an
2S_Ws T\ f f /
16-bit dater : 16-bit 0
12S_SD X wse X ) X se \ § Y wss X X X_

Figure 18-15. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1)

frame 2 (channel

frame 1 (channel left) right
12S_CK \__/ NMWM
12S5_WS \ ff ) /
16-bit data 1 16-bit O
12S_SD X wse X ) X se \ ) Y wss X X X_

When the packet type is 16-bit data packed in 32-bit frame, only one write or read operation
to or from the SPI_DATA register is needed to complete a frame. The 16 remaining bits are
forced by hardware to 0x0000 to extend the data to 32-bit format.

MSB justified standard

For MSB justified standard, I12S_WS and 12S_SD are updated on the falling edge of I12S_CK.
The SPI_DATA register is handled in the exactly same way as that for I12S Phillips standard.
The timing diagrams for each configuration are shown below.

Figure 18-16. MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0)

frame 2 (channel

frame 1 (channel left) right
12S_CK N\

12S_WS

16-bit dater
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Figure 18-17. MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1)
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Figure 18-18. MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0)

frame 2 (channel
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Figure 18-19. MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1)
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Figure 18-20. MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0)
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Figure 18-21.MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1)
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Figure 18-22. MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0)
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Figure 18-23. MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1)
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LSB justified standard

For LSB justified standard, I12S_WS and I12S_SD are updated on the falling edge of I12S_CK.
In the case that the channel length is equal to the data length, LSB justified standard and
MSB justified standard are exactly the same. In the case that the channel length is greater
than the data length, the valid data is aligned to LSB for LSB justified standard while the valid
data is aligned to MSB for MSB justified standard. The timing diagrams for the cases that the
channel length is greater than the data length are shown below.

Figure 18-24. LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0)

frame 2 (channel
right;

frame 1 (channel left)

B

8-bit O + 24-bit datar
2SSO ——————X ) /w8 X )] NERETR

Figure 18-25. LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1)

frame 2 (channel
right

frame 1 (channel left)

12S_CK

12S_WS B

8-bit 0 - 24-bit data
12S_SD { ) / wmss X ) X LSB{

When the packet type is 24-bit data packed in 32-bit frame, two write or read operations to or

from the SPI_DATA register are needed to complete a frame. In transmission mode, if a 24-
bit data D [23:0] is going to be sent, the first data written to the SPI_DATA register should be
a 16-bit data. The higher 8 bits of the 16-bit data can be any value and the lower 8 bits should
be D [23:16]. The second data written to the SPI_DATA register should be D [15:0]. In
reception mode, if a 24-bit data D [23:0] is received, the first data read from the SPI_DATA
register is a 16-bit data. The high 8 bits of this 16-bit data are zeros and the lower 8 bits are
D [23:16]. The second data read from the SPI_DATA register is D [15:0].

Figure 18-26. LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0)

frame 2 (channel
right;

frame 1 (channel left)

12S_CK

12S_WS ) ]
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Figure 18-27. LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1)

frame 2 (channel
right

frame 1 (channel left)

12S_CK

12S_WS B

16-bit O- + 16-bit data-
2s.sb X f /[ wss X )} X=X

When the packet type is 16-bit data packed in 32-bit frame, only one write or read operation

to or from the SPI_DATA register is needed to complete a frame. The 16 remaining bits are
forced by hardware to 0x0000 to extend the data to 32-bit format.

PCM standard

For PCM standard, I12S_WS and 12S_SD are updated on the rising edge of I12S_CK, and the
I2S_WS signal indicates frame synchronization information. Both the short frame
synchronization mode and the long frame synchronization mode are available and
configurable using the PCMSMOD bit in the SPI_I2SCTL register. The SPI_DATA register is
handled in the exactly same way as that for 12S Phillips standard. The timing diagrams for
each configuration of the short frame synchronization mode are shown below.

Figure 18-28. PCM standard short frame synchronization mode timing diagram
(DTLEN=00, CHLEN=0, CKPL=0)

frame 1 frame 2

12S_CK

12S_WS fi

16-bit dater

12S_SD Y e XX X X X X =X XX

Figure 18-29. PCM standard short frame synchronization mode timing diagram
(DTLEN=00, CHLEN=0, CKPL=1)

frame 1 frame 2

12S_CK

12S_WS

12S_SD Y s XXX Y X X s X s XX

Figure 18-30. PCM standard short frame synchronization mode timing diagram
(DTLEN=10, CHLEN=1, CKPL=0)

frame 1 frame 2

12S_CK

12S_WS

32-bit dater

12S_SD Y e XX X 3 Y s X ws XX

Figure 18-31. PCM standard short frame synchronization mode timing diagram
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(DTLEN=10, CHLEN=1, CKPL=1)

frame 1 frame 2

12S_CK

12S_WS

32-bit datar

12S_SD Y s XXX i s X v XX

Figure 18-32. PCM standard short frame synchronization mode timing diagram
(DTLEN=01, CHLEN=1, CKPL=0)

frame 1 frame 2
12S_CK
12S_WS
24-bit datar } bit 0
12S_SD Y e XXX 3 f e XX

Figurel8-33. PCM standard short frame synchronization mode timing diagram
(DTLEN=01, CHLEN=1, CKPL=1)

frame 1 frame 2

12S_CK

12S_WS

24-bit datar

12S_SD Y e X X X fi \ fi X X

-bit O

Figure 18-34. PCM standard short frame synchronization mode timing diagram
(DTLEN=00, CHLEN=1, CKPL=0)

frame 1 frame 2
12S_CK
12S_WS
16-bit dater ) 16-bit O-
12S_SD X s XX X s XX

Figure 18-35. PCM standard short frame synchronization mode timing diagram
(DTLEN=00, CHLEN=1, CKPL=1)

frame 1 frame 2

12S_CK

12S_WS fi fi

16-bit dater | 16-bit O

12S_SD Y e X X X fi \ fi X X

The timing diagrams for each configuration of the long frame synchronization mode are shown
below.

Figure 18-36. PCM standard long frame synchronization mode timing diagram
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(DTLEN=00, CHLEN=0, CKPL=0)

12S_CK

frame 1

12S_WS
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Figurel8-37. PCM standard

(DTLEN=00, CHLEN=0, CKPL=1)

frame 1

long frame synchronization mode timing diagram

frame 2

sk T\ M\ M\ M\ O\
12S_WS = 5 N
12S_SD XXX X X X s XXX

Figure 18-38. PCM standard long frame synchronization mode timing diagram
(DTLEN=10, CHLEN=1, CKPL=0)

12S_CK

frame 1

12S_WS

32 bit:

frame 2

12S_SD

mse X )

X LsB * mss X

Figure 18-39. PCM standard long frame synchronization mode timing diagram
(DTLEN=10, CHLEN=1, CKPL=1)

frame 1

frame 2

s kMMM
12S_WS S N i
12S_SD w X %X — s X we XX

Figure 18-40. PCM standard long frame synchronization mode timing diagram
(DTLEN=01, CHLEN=1, CKPL=0)

frame 1 frame 2
12S_CK
13 bif J
12S_WS B \ fi fi
24-bit datar 0 -8-hit O
12S_SD wse X § X fi \ j T ¢ X

Figure 18-41. PCM standard long frame synchronization mode timing diagram
(DTLEN=01, CHLEN=1, CKPL=1)

frame 1

frame 2

12s_ck / ./ \ N\ S\ I\
12S_WS = N f
258D — »24-bltdumx ; \ i bit 0 =X .
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18.9.2.

Figure 18-42. PCM standard long frame synchronization mode timing diagram
(DTLEN=00, CHLEN=1, CKPL=0)

frame 1 frame 2
12S_CK
12S_WS = Y : ff ff
16-bit datar t 16-bit O
12S_SD wss X ) X fi \ fi X X

Figure 18-43. PCM standard long frame synchronization mode timing diagram
(DTLEN=00, CHLEN=1, CKPL=1)

frame 1 frame 2
12S_CK \__/
13 bit; J
12S_WS f f f
16-bit dater t 16-bit O
12S_SD mse X ) X ) \ ¥ msB X X
I2S clock
Figure 18-44. Block diagram of 12S clock generator
8-hit
—I2SCLK— Configurable ° 12S_MCK—>
Divider I JCKOEN
frequency dividing ratio = Div4 CHLEN
DIV *2 + OF 0
1 12S_Ck—>

1

0
DIvV2

The block diagram of 12S clock generator is shown as_Figure 18-44. Block diagram of 12S
clock generator. The 12S interface clocks are configured by the DIV bits, the OF bit, the
MCKOEN bit in the SPI_I2SPSC register and the CHLEN bit in the SPI_I2SCTL register. The
source of I2S clock can be either PLL2(CK_PLL2*2) or CK_SYS in order to get the maximum
accuracy. The 12S bitrate can be calculated by the formulas shown in Table 18-4. 12S bitrate

calculation formulas.

Table 18-4. 12S bitrate calculation formulas

MCKOEN CHLEN Formula
0 0 I2SCLK / (DIV * 2 + OF)
0 1 I2SCLK / (DIV * 2 + OF)
1 0 I2SCLK / (8 * (DIV * 2 + OF))
1 1 I2SCLK / (4 * (DIV * 2 + OF))

The relationship between audio sampling frequency (Fs) and I12S bitrate is defined by the
following formula:

Fs = I12S bitrate / (number of bits per channel * number of channels)
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So, in order to get the desired audio sampling frequency, the clock generator needs to be
configured according to the formulas listed in Table 18-5. Audio sampling frequency
calculation formulas.

Table 18-5. Audio sampling frequency calculation formulas

MCKOEN CHLEN Formula
0 0 I2SCLK /(32 * (DIV * 2 + OF))
0 1 I2SCLK / (64 * (DIV * 2 + OF))
1 0 I2SCLK / (256 * (DIV * 2 + OF))
1 1 12SCLK / (256 * (DIV * 2 + OF))

Operation

Operation modes

The operation mode is selected by the 12SOPMOD bits in the SPI1_I2SCTL register. There
are four available operation modes, including master transmission mode, master reception
mode, slave transmission mode, and slave reception mode. The direction of I2S interface
signals for each operation mode is shown in the Table 18-6. Direction of 12S interface

signals for each operation mode.

Table 18-6. Direction of 12S interface signals for each operation mode

Operation mode 12S_MCK 12S_CK 12S_WS 12S_SD
Master transmission output or NU(1) output output output
Master reception output or NU(1) output output input
Slave transmission input or NU(2) input input output
Slave reception input or NU(2) input input input

1. NU means the pin is not used by I2S and can be used by other functions.

I2S initialization sequence

12S initialization sequence contains five steps shown below. In order to initialize 12S working
in master mode, all the five steps should be done. In order to initialize 12S working in slave
mode, only step 2, step 3, step 4 and step 5 should be done.

B Step 1: Configure the DIV [7:0] bits, the OF bit, and the MCKOEN bit in the SPI_I2SPSC
register, in order to define the 12S bitrate and whether 12S_MCK needs to be provided or
not.

B Step 2: Configure the CKPL in the SPI_I2SCTL register, in order to define the idle state
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clock polarity.

B Step 3: Configure the I2SSEL bit, the I2SSTD [1:0] bits, the PCMSMOD bit, the
[2SOPMOD [1:0] bits, the DTLEN [1:0] bits, and the CHLEN bit in the SPI_I2SCTL
register, in order to define the I12S feature.

B Step 4: Configure the TBEIE bit, the RBNEIE bit, the ERRIE bit, the DMATEN bit, and
the DMAREN bit in the SPI_CTL1 register, in order to select the potential interrupt
sources and the DMA capabilities. This step is optional.

B Step 5: Set the I2SEN bit in the SPI_I2SCTL register to enable 12S.

I2S master transmission sequence

The TBE flag is used to control the transmission sequence. As is mentioned before, the TBE
flag indicates that the transmit buffer is empty, and an interrupt will be generated if the TBEIE
bit in the SPI_CTL1 register is set. At the beginning, the transmit buffer is empty (TBE is high)
and no transmission sequence is processing in the shift register. When a half word is written
to the SPI_DATA register (TBE goes low), the data is transferred from the transmit buffer to
the shift register (TBE goes high) immediately. At the moment, the transmission sequence
begins.

The data is parallel loaded into the 16-bit shift register, and shifted out serially to the 12S_SD
pin, MSB first. The next data should be written to the SPI_DATA register, when the TBE flag
is high. After a write operation to the SPI_DATA register, the TBE flag goes low. When the
current transmission finishes, the data in the transmit buffer is loaded into the shift register,
and the TBE flag goes back high. Software should write the next audio data into SPI_DATA
register before the current data finishes, otherwise, the audio data transmission is not
continuous.

For all standards except PCM, the I2SCH flag is used to distinguish the channel side to which
the data to transfer belongs. The 12SCH flag is refreshed at the moment when the TBE flag
goes high. At the beginning, the I2SCH flag is low, indicating the left channel data should be
written to the SPI_DATA register.

In order to switch off I2S, it is mandatory to clear the I2SEN bit after the TBE flag is high and
the TRANS flag is low.

I2S master reception sequence

The RBNE flag is used to control the reception sequence. As is mentioned before, the RBNE
flag indicates the receive buffer is not empty, and an interrupt will be generated if the RBNEIE
bit in the SPI_CTL1 register is set. The reception sequence begins immediately when the
I2SEN bit in the SPI_I2SCTL register is set. At the beginning, the receive buffer is empty
(RBNE is low). When a reception sequence finishes, the received data in the shift register is
loaded into the receive buffer (RBNE goes high). The data should be read from the SPI_DATA
register, when the RBNE flag is high. After a read operation to the SPI_DATA register, the
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RBNE flag goes low. It is mandatory to read the SPI_DATA register before the end of the next
reception. Otherwise, reception overrun error occurs. The RXORERR flag is set and an
interrupt may be generated if the ERRIE bit in the SPI_CTL1 register is set. In this case, it is
necessary to switch off and then switch on 12S before resuming the communication.

For all standards except PCM, the 12SCH flag is used to distinguish the channel side to which
the received data belongs. The 12SCH flag is refreshed at the moment when the RBNE flag
goes high.

Different sequences are used to disable the 12S in different standards, data length and
channel length. The sequences for each case are described below.

B 16-bit data packed in 32-bit frame in the LSB justified standard (DTLEN = 00, CHLEN =
1, and I2SSTD = 10)

1. Wait for the second last RBNE
2. Thenwait 17 12S CK clock (clock on 12S_CK pin) cycles
3. Clear the I2SEN bit

B 16-bit data packed in 32-bit frame in the audio standards except the LSB justified
standard (DTLEN = 00, CHLEN =1, and I12SSTD is not equal to 10)

1. Wait for the last RBNE

2. Then wait one 12S clock cycle
3. Clear the I2SEN bit

B For all other cases

1. Wait for the second last RBNE
2. Then wait one 12S clock cycle

3. Clear the 12SEN bit

I2S slave transmission sequence

The transmission sequence in slave mode is similar to that in master mode. The difference
between them is described below.

In slave mode, the slave has to be enabled before the external master starts the
communication. The transmission sequence begins when the external master sends the clock
and when the 12S_WS signal requests the transfer of data. The data has to be written to the
SPI_DATA register before the master initiates the communication. Software should write the
next audio data into SPI_DATA register before the current data finishe. Otherwise,
transmission underrun error occurs. The TXURERR flag is set and an interrupt may be
generated if the ERRIE bit in the SPI_CTL1 register is set. In this case, it is mandatory to
switch off and switch on I2S to resume the communication. In slave mode, I2SCH is sensitive
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18.10.

18.10.1.

to the 12S_WS signal coming from the external master.
In order to switch off I2S, it is mandatory to clear the I2SEN bit after the TBE flag is high and
the TRANS flag is low.

I2S slave reception sequence

The reception sequence in slave mode is similar to that in master mode. The difference
between them is described below.

In slave mode, the slave has to be enabled before the external master starts the
communication. The reception sequence begins when the external master sends the clock
and when the 12S_WS signal indicates a start of the data transfer. In slave mode, 12SCH is
sensitive to the 12S_WS signal coming from the external master.

In order to switch off 12S, it is mandatory to clear the I2SEN bit immediately after receiving
the last RBNE.

DMA function

DMA function is the same as SPI mode. The only difference is that the CRC function is not
available in I2S mode.

I2S interrupts

Status flags

There are four status flags implemented in the SPI_STAT register, including TBE, RBNE,
TRANS and I2SCH. The user can use them to fully monitor the state of the I12S bus.

B Transmit buffer empty flag (TBE)

This bit is set when the transmit buffer is empty, the software can write the next data to the
transmit buffer by writing the SPI_DATA register.

B Receive buffer not empty flag (RBNE)

This bit is set when receive buffer is not empty, which means that one data is received and
stored in the receive buffer, and software can read the data by reading the SPI_DATA register.

B |2S Transmitting On-Going flag (TRANS)

TRANS is a status flag to indicate whether the transfer is on-going or not. It is set and cleared
by internal hardware and not controlled by software. This flag doesn’t generate any interrupt.

B |2S channel side flag (1I2SCH)

This flag indicates the channel side information of the current transfer and has no meaning in
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PCM mode. It is updated when TBE rises in transmission mode or RBNE rises in reception
mode. This flag doesn’t generate any interrupt.

Error conditions

There are two error conditions:

B Transmission Underrun Error Flag (TXURERR)

This condition occurs when the transmit buffer is empty when the valid SCK signal starts in

slave transmission mode.

B Reception Overrun Error Flag (RXORERR)

This condition occurs when the receive buffer is full and a newly incoming data has been

completely received. When overrun occurs, the data in receive buffer is not updated and the

newly incoming data is lost.

I12S interrupt events and corresponding enabled bits are summed up in the Table 18-7. 12S

interrupt.

Table 18-7. 12S interrupt

RXORERR Reception overrun error

then read SPI_STAT register.

. Interrupt
Flag Name Description Clear Method _
Enable bit
TBE Transmit buffer empty Write SPI_DATA register TBEIE
RBNE Receive buffer not empty Read SPI_DATA register RBNEIE
TXURERR Transmission underrun error Read SPI_STAT register
Read SPI_DATA register and ERRIE
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18.11. Register definition
18.11.1. Control register 0 (SP1_CTLO)
Address offset: 0x00
Reset value: 0x0000
This register has to be accessed by word (32-bit)
This register has no meaning in 12S mode.
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
SWNSS
BDEN BDOEN | CRCEN | CRCNT FF16 RO SWNSS LF SPIEN PSC [2:0] MSTMOD| CKPL CKPH
EN
w w w w w w w w w w w 12 w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15 BDEN Bidirectional enable
0: 2 line unidirectional transmit mode
1: 1 line bidirectional transmit mode. The information transfers between the MOSI
pin in master and the MISO pin in slave.
14 BDOEN Bidirectional Transmit Output Enable
When BDEN is set, this bit determines the direction of transfer.
0: Work in receive-only mode
1: Work in transmit-only mode
13 CRCEN CRC Calculation Enable
0: CRC calculation is disabled
1: CRC calculation is enabled.
12 CRCNT CRC Next Transfer
0: Next transfer is Data
1: Next transfer is CRC value (TCR)
When the transfer is managed by DMA, CRC value is transferred by hardware.
This bit should be cleared.
In full-duplex or transmit-only mode, set this bit after the last data is written to
SPI_DATA register. In receive only mode, set this bit after the second last data is
received.
11 FF16 Data frame format
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0: 8-bit data frame format
1: 16-bit data frame format

10 RO Receive only
When BDEN is cleared, this bit determines the direction of transfer.
0: Full-duplex

1: Receive-only

9 SWNSSEN NSS Software Mode Selection
0: NSS hardware mode. The NSS level depends on NSS pin.
1: NSS software mode. The NSS level depends on SWNSS bhit.

8 SWNSS NSS Pin Selection In NSS Software Mode
0: NSS pin is pulled low
1: NSS pin is pulled high
This bit has an effect only when the SWNSSEN bit is set.

7 LF LSB First Mode
0: Transmit MSB first
1: Transmit LSB first

6 SPIEN SPI Enable
0: SPI peripheral is disabled
1: SPI peripheral is enabled

5:3 PSC[2:0] Master Clock Prescaler Selection
000: PCLK/2 100: PCLK/32
001: PCLK/4 101: PCLK/64
010: PCLK/8 110: PCLK/128
011: PCLK/16  111: PCLK/256
PCLK means PCLK2 when using SPI0 or PCLK1 when using SPI1 and SPI2.

2 MSTMOD Master Mode Enable
0: Slave mode
1: Master mode

1 CKPL Clock Polarity Selection
0: CLK pin is pulled low when SPI is idle
1: CLK pin is pulled high when SPI is idle

0 CKPH Clock Phase Selection
0: Capture the first data at the first clock transition.
1: Capture the first data at the second clock transition

18.11.2.  Control register 1 (SPI_CTL1)

Address offset: 0x04
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Reset value: 0x0000
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 | TBEIE | RBNEIE ‘ ERRIE ‘ Reserved ‘ NSSDRV ‘DMATEN ‘DMAREN|
w w w w w w
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7 TBEIE Transmit Buffer Empty Interrupt Enable

0: TBE interrupt is disabled.
1: TBE interrupt is enabled. An interrupt is generated when the TBE bit is set

6 RBNEIE Receive Buffer Not Empty Interrupt Enable
0: RBNE interrupt is disabled.
1: RBNE interrupt is enabled. An interrupt is generated when the RBNE bit is set

5 ERRIE Errors Interrupt Enable.
0: Error interrupt is disabled.
1: Error interrupt is enabled. An interrupt is generated when the CRCERR bit or the
CONFERR bit or the RXORERR bit or the TXURERR bit is set.

4:3 Reserved Must be kept at reset value

2 NSSDRV Drive NSS Output
0: NSS output is disabled.
1: NSS output is enabled. If the NSS pin is configured as output, the NSS pin is
pulled low in master mode when SPI is enabled.
If the NSS pin is configured as input, the NSS pin should be pulled high in master

mode, and this bit has no effect.

1 DMATEN Transmit Buffer DMA Enable
0: Transmit buffer DMA is disabled
1: Transmit buffer DMA is enabled, when the TBE bit in SPI_STAT is set, it will be

a DMA request at corresponding DMA channel.

0 DMAREN Receive Buffer DMA Enable
0: Receive buffer DMA is disabled
1: Receive buffer DMA is enabled, when the RBNE bit in SPI_STAT is set, it will be
a DMA request at corresponding DMA channel.
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18.11.3.  Status register (SPI_STAT)
Address offset: 0x08
Reset value: 0x0002
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
RXORER | CONFER TXURER
Reserved TRANS CRCERR 12SCH TBE RBNE
R R R
r r r rc_w0 r r r r
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
7 TRANS Transmitting On-going Bit
0: SPlor 12S is idle.
1: SPI or I2S is currently transmitting and/or receiving a frame
This bit is set and cleared by hardware.
6 RXORERR Reception Overrun Error Bit
0: No reception overrun error occurs.
1: Reception overrun error occurs.
This bit is set by hardware and cleared by a read operation on the SPI_DATA
register followed by a read access to the SPI_STAT register.
5 CONFERR SPI Configuration error Bit
0: No configuration fault occurs
1: Configuration fault occurred. (In master mode, the NSS pin is pulled low in NSS
hardware mode or SWNSS bit is low in NSS software mode.)
This bit is set by hardware and cleared by a read or write operation on the SPI_STAT
register followed by a write access to the SPI_CTLO register.
This bit is not used in 12S mode.
4 CRCERR SPI CRC Error Bit
0: The SPI_RCRC value is equal to the received CRC data at last.
1: The SPI_RCRC value is not equal to the received CRC data at last.
This bit is set by hardware and is able to be cleared by writing O.
This bit is not used in 12S mode.
3 TXURERR Transmission underrun error Bit

0: No transmission underrun error occurs.
1: Transmission underrun error occurs.

This bit is set by hardware and cleared by a read operation on the SPI_STAT
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register.

This bit is not used in SPI mode.

2 12SCH I12S channel side
0: The next data needs to be transmitted or the data just received is channel left.
1: The next data needs to be transmitted or the data just received is channel right.
This bit is set and cleared by hardware.

This bit is not used in SPI mode, and has no meaning in the I12S PCM mode.

1 TBE Transmit Buffer Empty
0: Transmit buffer is not empty
1: Transmit buffer is empty

0 RBNE Receive Buffer Not Empty
0: Receive buffer is empty
1: Receive buffer is not empty

18.11.4. Dataregister (SPI_DATA)

Address offset: 0x0C
Reset value: 0x0000
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
‘ SPI_DATA[15:0]
w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 SPI_DATA[15:0] Data transfer register.

The hardware has two buffers, including transmit buffer and receive buffer. Write data
to SPI_DATA will save the data to transmit buffer and read data from SPI_DATA will
get the data from receive buffer.

When the data frame format is set to 8-bit data, the SPI_DATA [15:8] is forced to 0 and
the SPI_DATA [7:0] is used for transmission and reception, transmit buffer and receive
buffer are 8-bits. If the Data frame format is set to 16-bit data, the SPI_DATA [15:0] is
used for transmission and reception, transmit buffer and receive buffer are 16-bit.

18.11.5. CRC polynomial register (SPI_CRCPOLY)

Address offset: 0x10
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Reset value: 0x0007
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
‘ CPR [15:0] |
I\
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 CPR[15:0] CRC polynomial register
This register contains the CRC polynomial and it is used for CRC calculation. The
default value is 0007h.
18.11.6. RX CRC register (SPI_RCRC)
Address offset: 0x14
Reset value: 0x0000
This register has to be accessed by 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
‘ RCRI[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 RCRJ[15:0] RX CRC register

When the CRCEN bit of SPI_CTLO is set, the hardware computes the CRC value
of the received bytes and saves them in RCRC register. If the Data frame format is
set to 8-bit data, CRC calculation is based on CRC8 standard, and saves the value
in RCR [7:0], when the Data frame format is set to 16-bit data, CRC calculation is
based on CRC16 standard, and saves the value in RCR[15:0].

The hardware computes the CRC value after each received bit, when the TRANS
is set, a read to this register could return an intermediate value.

This register is reset when the CRCEN bit or the SPIEN bit in SPI_CTLO register is

cleared.
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18.11.7. TX CRC register (SPI_TCRC)
Address offset: 0x18
Reset value: 0x0000
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
‘ TCR[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 TCR[15:0] TX CRC register
When the CRCEN bit of SPI_CTLO is set, the hardware computes the CRC value
of the transmitted bytes and saves them in TCRC register. If the Data frame format
is set to 8-bit data, CRC calculation is based on CRC8 standard, and saves the
value in TCR [7:0], when the Data frame format is set to 16-bit data, CRC calculation
is based on CRC16 standard, and saves the value in TCR [15:0].
The hardware computes the CRC value after each transmitted bit, when the TRANS
is set, a read to this register could return an intermediate value. The different frame
format (LF bit of the SPI_CTLO) will get different CRC value.
This register is reset when the CRCEN bit or the SPIEN bit in SPI_CTLO register is
cleared.
18.11.8. 12S control register (SPI_I2SCTL)
Address offset: 0x1C
Reset value: 0x0000
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
PCMSMO
Reserved I2SSEL | I12SEN 12SOPMODI[1:0] Reserved 12SSTD[1:0] CKPL DTLENJ[1:0] CHLEN
D
w w w w w w w
Bits Fields Descriptions
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31:12

11

10

9:8

5:4

2:1

Reserved

I2SSEL

I2SEN

12SOPMODI[1:0]

PCMSMOD

Reserved

12SSTD[1:0]

CKPL

DTLEN[1:0]

Must be kept at reset value

I12S mode selection

0: SPI mode

1:12S mode

This bit should be configured when SPI mode or 12S mode is disabled.

12S enable

0: 12S is disabled

1: 12S is enabled

This bit is not used in SPI mode.

I12S operation mode

00: Slave transmission mode

01: Slave reception mode

10: Master transmission mode

11: Master reception mode

This bit should be configured when 12S mode is disabled.
This bit is not used in SPI mode.

PCM frame synchronization mode

0: Short frame synchronization

1: long frame synchronization

This bit has a meaning only when PCM standard is used.
This bit should be configured when 12S mode is disabled.

This bit is not used in SPI mode.
Must be kept at reset value

I12S standard selection

00: 12S Phillips standard

01: MSB justified standard

10: LSB justified standard

11: PCM standard

These bits should be configured when I2S mode is disabled.

These bits are not used in SPI mode.

Idle state clock polarity

0: The idle state of 12S_CK is low level

1: The idle state of 1I2S_CK is high level

This bit should be configured when 12S mode is disabled.
This bit is not used in SPI mode.

Data length
00: 16 bits
01: 24 bits
10: 32 bits
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18.11.9

31

30

CHLEN

11: Reserved
These bits should be configured when 12S mode is disabled.

These bits are not used in SPI mode.

Channel length

0: 16 bits

1: 32 bits

The channel length must be equal to or greater than the data length.
This bit should be configured when 12S mode is disabled.

This bit is not used in SPI mode.

I2S clock prescaler register (SPI_I2SPSC)

Address offset: 0x20
Reset value: 0x0002
This register has to be accessed by word(32-bit).

29 28 27

26 25 24 23 22 21 20 19 18 17

16

Reserved

15

14

13 12 11

10 9 8 7 6 5 4 3 2 1

Reserved

‘ MCKOEN ‘ OF ‘ DIV[7:0]

Bits

Fields

w w w

Descriptions

31:10

7:0

Reserved

MCKOEN

OF

DIV[7:0]

Must be kept at reset value

I12S_MCK output enable

0: 12S_MCK output is disabled

1: 12S_MCK output is enabled

This bit should be configured when 12S mode is disabled.

This bit is not used in SPI mode.

Odd factor for the prescaler

0: Real divider value is DIV * 2

1: Real divider value isDIV*2 + 1

This bit should be configured when 12S mode is disabled.

This bit is not used in SPI mode.

Dividing factor for the prescaler

Real divider value is DIV * 2 + OF.

DIV must not be 0.

These bits should be configured when 12S mode is disabled.

These bits are not used in SPI mode.
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19.

19.1.

19.2.

19.3.

Secure digital input/output interface (SDIO)

This section applies to GD32F103xx high-density (HD) devices and extra-density (XD)
devices only.

Overview

The secure digital input/output interface (SDIO) defines the SD, SD /O, MMC and CE-ATA
card host interface, which provides command/data transfer between the AHB system bus and
SD memory cards, SD 1/O cards, Multimedia Card (MMC) and CE-ATA devices.

The supported SD memory card and SD I/O card system specifications are defined in the SD
card Association website at www.sdcard.org.

The supported Multimedia Card system specifications are defined through the Multimedia
Card Association website at www.jedec.org, published by the JEDEC SOLID STATE
TECHNOLOGY ASSOCIATION.

The supported CE-ATA system specifications are defined through the CE-ATA workgroup
website at www.ce-ata.org.

Characteristics

The SDIO features include the following:

B MMC: Full support for Multimedia Card System Specification Version 4.2(and previous
versions) Card and three different data bus modes: 1-bit (default), 4-bit and 8-bit.

B SD Card: Full support for SD Memory Card Specifications Version 2.0.

SD I/0O: Full support for SD 1/0O Card Specification Version 2.0 card and two different data

bus modes: 1-bit (default) and 4-bit.

CE-ATA: Full compliance with CE-ATA digital protocol Version 1.1.

48MHz data transfer frequency and 8-bit data transfer mode.

Interrupt and DMA request to processor.

Completion Signal enables and disable feature (CE-ATA).

Note: SDIO supports only one SD, SD I/0, MMC4.2 card or CE-ATA device at any one time
and a stack of MMC 4.1 or previous.

SDIO bus topology

After a power-on reset, the host must initialize the card by a special message-based bus
protocol.
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Each message is represented by one of the following tokens:

Command: a command is a token which starts an operation. A command is sent from the
host to a card. Acommand is transferred serially on the CMD line.

Response: a response is a token which is sent from the card to the host as an answer to a
previously received command. A response is transferred serially on the CMD line.

Data: data can be transferred from the card to the host or vice versa. Data is transferred via
the data lines. The number of data lines used for the data transfer can be 1(DATO0), 4(DATO-
DAT3) or 8(DATO-DAT7).

The structure of commands, responses and data blocks is described in Card functional
description. One data transfer is a bus operation.

There are different types of operations. Addressed operations always contain a command
and a response token. In addition, some operations have a data token; the others transfer
their information directly within the command or response structure. In this case no data token
is present in an operation. The bits on the DATO-DAT7 and CMD lines are transferred
synchronous to the host clock.

Two types of data transfer commands are defined:

B Stream commands: These commands initiate a continuous data stream; they are
terminated only when a stop command follows on the CMD line. This mode reduces the
command overhead to an absolute minimum (only MMC supports).

B Block-oriented commands: These commands send a data block successfully by CRC
bits. Both read and write operations allow either single or multiple block transmission. A
multiple block transmission is terminated when a stop command follows on the CMD line
similarly to the sequential read.

The basic transaction on the bus is the command/response transaction (refer to Figure
19-1. SDIO “no response” and “no data” operations). This type of bus transaction
transfers their information directly within the command or response structure. In addition,
some operations have a data token. Data transfers to/from the Card/Device are done in
blocks.

Figure 19-1. SDIO “no response” and “no data” operations

SDI0_CMD
Host to Device Host to Device Device to Host
SDIO_DAT

~@—Operation (no response) P> ®——Operation (no datay P

Note that the Multiple Block operation mode is faster than Single Block operation. A multiple

block transmission is terminated when a stop command follows on the CMD line. Data transfer
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can be configured by the host to use single or multiple data lines. Figure 19-2. SDIO multiple
blocks read operation is the multiple blocks read operation and Figure 19-3. SDIO multiple
blocks write operation is the multiple block write operation. The block write operation uses
a simple busy signal of the write operation duration on the data (DATO) line. CE-ATA device

has an optional busy before it is ready to receive the data.

Figure 19-2. SDIO multiple blocks read operation

SDIO_CMD Command |—| Response I

Host to Device Device to Host

I Command |—| Response l—

Host to Device Device to Host

SDIO_DAT | { DATA BLOCK|CRC{----| DATA BLOCK|CRC|----| DATA BLOCK|CRCI7

Device to Host Device to Host
@——Block read operationr———————#

-l
-«

Figure 19-3. SDIO multiple blocks write operation

SDIO_CMD Command |—| Response |

Device to Host

Multiple block read operation———————® @—Data stop operationr——"

Host to Device Device to Host

I Command |—| Response l—

Host to Device Device to Host

SDIO_DAT | g

“) DATA BLOCK|CRC]-

| DATAB LOCK| CRCI': '

17

Host to Device
~@—Block write operation———————

Host to Device

- Multiple block write operation

.
-

~®—Data stop operatiom——

Data transfers to/from SD memory cards, SD I/O cards (both IO only card and combo card)
and CE-ATA device are done in data blocks. Data transfers to/from MMC are done in data
blocks or streams. Fiqure 19-4. SDIO sequential read operation and Figure 19-5. SDIO

sequential write operation are the stream read and write operation.

Figure 19-4. SDIO sequential read operation

SDIO_CMD Command |—| Response I

Host to Device Device to Host

I Command |—| Response l—

Host to Device Device to Host

SDIO_DAT | | DATA STREAM

l—

Device to Host

A

Data Read operation

.
-

~#—Data stop operationr——
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Figure 19-5. SDIO sequential write operation

SDIO_CMD [ Command |— Response | [ Commana || Response |—
Host to Device Device to Host Host to Device Device to Host
SDIO_DAT | I DATA STREAM l—
Host to Device
- Data Write operation >

~#—Data stop operationr——

19.4. SDIO functional description

The following figure shows the SDIO structure. There have two main parts:

B The SDIO adapter block consists of control unit which manage clock, command unit
which manage command transfer, data unit which manage data transfer.

B The AHB interface block contains access registers by AHB bus, contains FIFO unit which
is data FIFO used for data transfer, and generates interrupt and DMA request signals.

Figure 19-6. SDIO block diagram

SDIO controller

AHB interface SDIO adapter
[ control unit |
» trol t SDIO_CLK
<«<——interrupt ¢ control uni  CLK—— )

<«<—DMA request

command

! < SDIO_CMD——)
registers |« unit
<«——AHB bus »
I
» dataunit [@=—m=SDIO_DAT[7:0]mmmmp
FIFO »
y
HCLK/2 SDIOCLK

19.4.1. SDIO adapter

The SDIO adapter contains control unit, command unit and data unit, and generates signals
to cards. The signals is descript bellow:

SDIO_CLK: The SDIO_CLK is the clock provided to the card. Each cycle of this signal directs
a one bit transfer on the command line (SDIO_CMD) and on all the data lines (SDIO_DAT).
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The SDIO_CLK frequency can vary between 0 MHz and 20 MHz for a Multimedia Card V3.31,
between 0 and 48 MHz for a Multimedia Card V4.2, or between 0 and 25 MHz for an SD/SD
1/0 card.

The SDIO uses two clock signals: SDIO adapter clock (SDIOCLK = HCLK) and AHB bus
clock (HCLK/2)

SDIO_CMD: This signal is a bidirectional command channel used for card initialization and
transfer of commands. Commands are sent from the SDIO controller to the card and
responses are sent from the card to the host. The CMD signal has two operation modes:
open-drain for initialization (only for MMC3.31 or previous), and push-pull for command
transfer (SD/SD 1/O card MMC4.2 use push-pull drivers also for initialization).

SDIO_DAT[7:0]: These are bidirectional data channels. The DAT signals operate in push-pull
mode. Only the card or the host is driving these signals at a time. By default, after power up
or reset, only DATO is used for data transfer. A wider data bus can be configured for data
transfer, using either DATO-DAT3 or DATO-DAT7 (just for MMCA4.2), by the SDIO controller.
The SDIO includes internal pull-ups for data lines DAT1-DAT7. Right after entering to the 4-
bit mode the card disconnects the internal pull-ups of lines DAT1 and DAT2 (DAT3 internal
pull-up is left connected due to the SPI mode CS usage). Correspondingly right after entering
to the 8-bit mode the card disconnects the internal pull-ups of lines DAT1, DAT2 and DAT4-
DAT7.

Table 19-1. SDIO I/O definitions

Pin function Direction Description

SDIO_CLK (0] SD/SD 1/0 IMMC clock

SDIO_CMD I/O Command input/output
SDIO_DAT[7:0] I/O Data input/output for data lines DAT[7:0]

The SDIO adapter is an interface to SD, SD I/0, MMC and CE-ATA. It consists of three
subunits:

Control unit

The control unit contains the power management functions and the clock management
functions for the memory card clock. The power management is controlled by SDIO_PWRCTL
register which implements power off or power on. The power saving mode configured by
setting CLKPWRSAV bit in SDIO_CLKCTL register, which implements close the SDIO_CLK
when the bus is idle. The clock management generates SDIO_CLK to card. The SDIO_CLK
is generated by a divider of SDIOCLK when CLKBYP bit in SDIO_CLKCTL register is 0, or
directly SDIOCLK when CLKBYP bit in SDIO_CLKCTL register is 1.

The hardware clock control is enabled by setting HWCLKEN in SDIO_CLKCTL register. This
functionality is used to avoid FIFO underrun and overrun errors by hardware control the
SDIO_CLK on/off depending on the system bus is very busy or not. When the FIFO cannot
receive or transmit data, the host will stop the SDIO_CLK and freeze SDIO state machines to
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avoid the corresponded error. Only state machines are frozen, the AHB interface is still alive.
So, the FIFO can access by AHB bus.

Command unit

The command unit implements command transfer to the card. The data transfer flow is
controlled by Command State Machine (CSM). After a write operation to SDIO_CMDCTL
register and CSMEN in SDIO_CMDCTL register is 1, the command transfer starts. It firstly
sends a command to the card. The command contains 48 bits send by SDIO_CMD signal
which sends 1 bits to card at one SDIO_CLK. The 48 bits command contains 1 bit Start bit, 1
bit Transmission bit, 6 bits command index defined by CMDIDX bits in SDIO_CMDCTL
register, 32 bits argument defined in SDIO_CMDAGMT register, 7 bits CRC, and 1 bit end bit.
Then receive response from the card if CMDRESP in SDIO_CMDCTL register is not
0b00/0b10. There are short response which have 48 bits or long response which have 136
bits. The response stores in SDIO_RESPO - SDIO_RESP3 registers. The command unit also
generates the command status flags defined in SDIO_STAT register.

Command state machine

CS_lIdle After reset, ready to send command.
1.CSM enabled and WAITDEND enabled — CS_Pend
2.CSM enabled and WAITDEND disabled — CS_Send
3.CSM disabled — CS_lIdle

Note: The state machine remains in the Idle state for at least eight SDIO_CLK periods to meet
the Ncc and Nrc timing constraints. Ncc is the minimum delay between two host commands, and

Nrc is the minimum delay between the host command and the response.

CS_Pend Waits for the end of data transfer.
1.The data transfer complete — CS_Send
2.CSM disabled — CS Idle
CS_Send Sending the command.
1.The command transmitted has response — CS_Wait
2.The command transmitted doesn’t have response — CS Idle
3.CSM disabled — CS Idle
CS_Wait Wait for the start bit of the response.
1.Receive the response(detected the start bit) — CS_Receive
2.Timeout is reached without receiving the response  |— CS_lIdle
3.CSM disabled — CS_Idle
Note: The command timeout has a fixed value of 64 SDIO_CLK clock periods.
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‘CS_Receive

disabled and wait for CE-ATA Command Completion

Receive the response and check the CRC.
1.Response Received in CE-ATA mode and interrupt|— CS_Waitcompl
disabled and wait for CE-ATA Command Completion
signal enabled
2.Response Received in CE-ATA mode and interrupt|— CS_Pend

signal disabled

3.CSM disabled

- Cs_Idle

4.Response received

- CS_Idle

5.Command CRC failed

— CS_IdIe

CS_Waitcompl Wait for the Command Completion signal.
1.CE-ATA Command Completion signal received — CS_ldle
2.CSM disabled — CS_ldle
3.Command CRC failed — CS_lIdle

Data unit

The data unit performs data transfers to and from cards. The data transfer uses
SDIO_DAT[7:0] signals when 8-bits data width (BUSMODE bits in SDIO_CLKCTL register is
0b10), use SDIO_DAT[3:0] signals when 4-bits data width (BUSMODE bits in SDIO_CLKCTL
register is 0b01l), or SDIO_DAT[0] signal when 1-bit data width (BUSMODE bits in
SDIO_CLKCTL register is 0b00). The data transfer flow is controlled by Date State Machine
(DSM). After a write operation to SDIO_DATACTL register and DATAEN in SDIO_DATACTL
register is 1, the data transfer starts. It sends data to card when DATADIR in SDIO_DATACTL
register is 0, or receive data from card when DATADIR in SDIO_DATACTL register is 1. The
data unit also generates the data status flags defined in SDIO_STAT register.

Data state machine

DS_Idle The data unit is inactive, waiting for send and receive.
1.DSM enabled and data transfer direction is from host|— DS_WaitS
to card
2.DSM enabled and data transfer direction is from card|— DS_WaitR
to host
3.DSM enabled and Read Wait Started and SD 1/0O|— DS_Readwait
mode enabled

DS_WaitS

Wait until the data FIFO empty flag is deasserted or data
transfer ended.

1.Data transfer ended — DS_lIdle

2.DSM disabled — DS_lIdle
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‘3.Data FIFO empty flag is deasserted ‘—» ‘DS_Send |
‘DS_Send Transmit data to the card.
1.Data block transmitted — DS_Busy
2.DSM disabled — DS _lIdle
3.Data FIFO underrun error occurs — DS _lIdle
4. Internal CRC error — DS _Idle
DS_Busy Waits for the CRC status flag.
1.Receive a positive CRC status — DS_WaitS
2.Receive a negative CRC status — DS_Idle
3.DSM disabled — DS Idle
4. Timeout occurs — DS Idle
Note: The command timeout programmed in the data timer register (SDIO_DATATO).

DS WaitR Wait for the start bit of the receive data.
1.Data receive ended — DS_lIdle
2.DSM disabled — DS_lIdle
3.Data timeout reached — DS_lIdle
4. Receives a start bit before timeout — DS_Receive
Note: The command timeout programmed in the data timer register (SDIO_DATATO).

DS_Receive Receive data from the card and write it to the data FIFO.
1.Data block received — DS _WaitR
2.Data transfer ended — DS _WaitR
3.Data FIFO overrun error occurs — DS_Idle
4.Data received and Read Wait Started and SD I/O|— DS_Readwait
mode enabled
5.DSM disabled or CRC fails — DS _lIdle
DS_Readwait Wait for the read wait stop command.
1.ReadWait stop enabled — DS_WaitR
2.DSM disabled — DS _Idle

19.4.2. AHB interface

The AHB interface implements access to SDIO registers, data FIFO and generates interrupt
and DMA request. It includes a data FIFO unit, registers unit, and the interrupt / DMA logic.

The interrupt logic generates interrupt when at least one of the selected status flags is high.
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An interrupt enable register is provided to allow the logic to generate a corresponding interrupt.

The DMA interface provides a method for fast data transfers between the SDIO data FIFO
and memory. The following example describes how to implement this method:

1. Complete the card identification process

2. Increase the SDIO_CLK frequency

3. Send CMD?7 to select the card and configure the bus width
4. Configure the DMAL as follows:

Enable DMA1 controller and clear any pending interrupts. Configure the DMA1_Channel3
source address register with the memory base address and DMA1_Channel3 destination
address register with the SDIO_FIFO register address. Program DMA1_Channel3 control
register (memory increment, not peripheral increment, peripheral and source width is word
size, M2M disable).

5. Write block to card as follows:

Write the data size in bytes in the SDIO_DATALEN register. Write the block size in bytes
(BLKSZ) in the SDIO_DATACTL register; the host sends data in blocks of size BLKSZ each.
Program SDIO_CMDAGMT register with the data address, where data should be written.
Program the SDIO command control register (SDIO_CMDCTL): CMDIDX with 24, CMDRESP
with 1 (SDIO card host waits for a short response); CSMEN with ‘1’ (enable to send a
command). Other fields are their reset value.

When the CMDRECV flag is set, program the SDIO data control register (SDIO_DATACTL):
DATAEN with 1 (enable to send data); DATADIR with O (from controller to card); TRANSMOD
with 0 (block data transfer); DMAEN with 1 (DMA enabled); BLKSZ with 0x9 (512 bytes).
Other bits don’t care.

Wait for DTBLKEND flag is set. Check that no channels are still enabled by polling the DMA
Interrupt Flag register.

It consists the following subunits:

Register unit

The register unit which contains all system registers generates the signals to control the
communication between the controller and card.

Data FIFO

The data FIFO unit has a data buffer, uses as transmit and receive FIFO. The FIFO contains
a 32-bit wide, 32-word deep data buffer. The transmit FIFO is used when write data to card
and TXRUN in SDIO_STAT register is 1. The data to be transferred is written to transmit FIFO
by AHB bus, the data unit in SDIO adapter read data from transmit FIFO, and then send the
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19.5.

19.5.1.

data to card. The receive FIFO is used when read data from card and RXRUN in SDIO_STAT
register is 1. The data to be transferred is read from the card and then write to receive FIFO.
The data in receive FIFO is read to AHB bus when needed. This unit also generates FIFO
flags in SDIO_STAT registers.

Card functional description

Card registers

Within the card interface registers are defined: OCR, CID, CSD, EXT_CSD, RCA, DSR and
SCR. These can be accessed only by corresponding commands. The OCR, CID, CSD and
SCR registers carry the card/content specific information, while the RCA and DSR registers
are configuration registers storing actual configuration parameters. The EXT_CSD register
carries both, card specific information and actual configuration parameters. For specific
information, please refer to the relevant specifications.

OCR register: The 32-bit operation conditions register (OCR) stores the Vop voltage profile
of the card and the access mode indication (MMC). In addition, this register includes a status
information bit. This status bit is set if the card power up procedure has been finished. The
register is a little different between MMC and SD card. The host can use CMD1 (MMC),
ACMDA41 (SD memory), CMD5 (SD 1/0O) to get the content of this register.

CID register: The Card Identification (CID) register is 128 bits wide. It contains the card
identification information used during the card identification phase. Every individual
Read/Write (RW) card shall have a unique identification number. The host can use CMD2 and
CMD10 to get the content of this register.

CSD register: The Card-Specific Data register provides information regarding access to the
card contents. The CSD defines the data format, error correction type, maximum data access
time, data transfer speed, whether the DSR register can be used, etc. The programmable part
of the register can be changed by CMD27. The host can use CMD9 to get the content of this
register.

Extended CSD Register: Just MMC4.2 has this register. The Extended CSD register defines
the card properties and selected modes. It is 512 bytes long. The most significant 320 bytes
are the Properties segment, which defines the card capabilities and cannot be modified by
the host. The lower 192 bytes are the Modes segment, which defines the configuration the
card is working in. These modes can be changed by the host by means of the SWITCH
command. The host can use CMD8 (just MMC supports this command) to get the content of
this register.

RCA register: The writable 16-bit relative card address register carries the card address that
is published by the card during the card identification. This address is used for the addressed
host-card communication after the card identification procedure. The host can use CMD3 to
ask the card to publish a new relative address (RCA).
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19.5.2.

Note: The default value of the RCA register is 0x0001(MMC) or 0x0000(SD/SD 1/0). The
default value is reserved to set all cards into the Stand-by State with CMD?7.

DSR register (Optional): The 16-bit driver stage register can be optionally used to improve
the bus performance for extended operating conditions (depending on parameters like bus
length, transfer rate or number of cards). The CSD register carries the information about the
DSR register usage. The default value of the DSR register is 0x404. The host can use CMD4
to get the content of this register.

SCR register: Just SD/SD 1/O (if has memory port) have this register. In addition to the CSD
register, there is another configuration register named SD CARD Configuration Register
(SCR), which is only for SD card. SCR provides information on the SD Memory Card's special
features that were configured into the given card. The size of SCR register is 64 bits. This
register shall be set in the factory by the SD Memory Card manufacturer. The host can use
ACMDA51 to get the content of this register.

Commands

Commands types

There are four kinds of commands defined to control the Card:

B Broadcast commands (bc), no response

B Broadcast commands with response (bcr) response from all cards simultaneously
B Addressed (point-to-point) commands (ac) no data transfer on DAT

B Addressed (point-to-point) data transfer commands (adtc) data transfer on DAT

Command format

All commands have a fixed code length of 48 bits, as show in Figure 19-7. Command Token
Format, needing a transmission time of 1.92us (25 MHz) 0.96us (50 MHz) and 0.92us (52
MHZz).

Figure 19-7. Command Token Format

0 1 Content CRC 1

Total length = 48 bits

Table 19-2. Command format

Bit position |47 46 [45:40] [39:8] [7:1] 0
Width 1 1 6 32 7 1
Value ‘0’ 1’ X X X 1’
Description [start bit |transmission bit [command index |argument CRC7 end bit
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A command always starts with a start bit (always 0), followed by the bit indicating the direction
of transmission (host = 1). The next 6 bits indicate the index of the command, this value being
interpreted as a binary coded number (between 0 and 63). Some commands need an
argument (e.g. an address), which is coded by 32 bits. A value denoted by ‘X’ in the table
above indicates this variable is dependent on the command. All commands are protected by
a CRCY7. Every command code word is terminated by the end bit (always 1).

Command classes

The command set of the Card system is divided into several classes (See Table 19-3. Card
command classes (CCCs)). Each class supports a set of card functionalities. Table 19-3.
Card command classes (CCCs) determines the setting of CCC from the card supported
commands.

For SD cards, Class 0, 2, 4, 5 and 8 are mandatory and shall be supported. Class 7 except
CMD40 is mandatory for SDHC. The other classes are optional. The supported Card
Command Classes (CCC) are coded as a parameter in the card specific data (CSD) register
of each card, providing the host with information on how to access the card.

For MMC cards, Class 0 is mandatory and shall be supported. The other classes are either
mandatory only for specific card types or optional. By using different classes, several
configurations can be chosen (e.g. a block writable card or a stream readable card). The
supported Card Command Classes (CCC) are coded as a parameter in the card specific data
(CSD) register of each card, providing the host with information on how to access the card.

For CE-ATA device, the device shall support the MMC commands required to achieve the
transfer state during device initialization. Other interface configuration settings, such as bus
width, may require additional MMC commands also be supported. See the MMC reference.
CE-ATA makes use of the following MMC commands: CMDO - GO_IDLE_STATE, CMD12 -
STOP_TRANSMISSION, CMD39 - FAST_IO, CMD60 - RW_MULTIPLE_REGISTER,
CMD61 - RW_MULTIPLE_BLOCK. GO_IDLE_STATE (CMDO0), STOP_TRANSMISSION
(CMD12), and FAST_ IO (CMD39) are as defined in the MMC reference.
RW_MULTIPLE_REGISTER (CMD60) and RW_MULTIPLE_BLOCK (CMD61) are MMC
commands defined by CE-ATA.

Table 19-3. Card command classes (CCCs)

Card
command 0 1 2 3 4 5 6 7 8 9 10 11
class(CCC)
©
5 5
Supporte ° 0 © = )
PP o 2 = = S ° o 2 - o
d Class o | = 2z x| 228 238|352
. & = x £ X © 2 ~ o = § o
comman |description| o o 2 & S ) Q Z = o = &
Pust —_ Pust = (0] = Pust
= — — - (&) =
d 0 o 0 o = =
; o
©

543



<

GigaDevice

GD32F10x User Manual

CMDO

CMD1

CMD2

CMD3

CMD4

CMD5

CMD6

CMD7

CMD8

CMD9

CMD10

CMD11

CMD12

CMD13

CMD14

CMD15

CMD16

CMD17

CMD18

CMD19

CMD20

CMD23

CMD24

CMD25

CMD26

CMD27

CMD28

CMD29

CMD30

CMD32

CMD33

CMD34

CMD35

CMD36

CMD37

CMD38

S|o|jo|jo|o|Z| |||l || ||l gs|s|lslsjgs|gs|lgs|lgslglgsjojg|g|g|lg |l

CMD39

CMD40

CMD42

CMD50

CMD52

@]

CMD53
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CMD55

+

CMD56

+

CMD57

CMD60

CMD61

ACMD6

ACMD13

ACMD22

ACMD23

ACMDA41

ACMDA42

ACMDS51

| |||l g|g|1o0og(

Note: 1.CMD1, CMD11, CMD14, CMD19, CMD20, CMD23, CMD26, CMD39 and CMD40 are
only available for MMC.CMD5, CMD32-34, CMD50, CMD52, CMD53, CMD57 and ACMDXx
are only available for SD card. CMD60, CMD61 are only available for CE-ATA device.

2. All the ACMDs shall be preceded with APP_CMD command (CMD55).

3. CMD8 has different meaning for MMC and SD memory.

Detailed command description

The following tables describe in detail all bus commands. The responses R1-R7 are defined
in Responses. The registers CID, CSD and DSR are described in Card registers. The card
shall ignore stuff bits and reserved bits in an argument.

Table 19-4. Basic commands (class 0)

Cmd Response - _
_ type argument Abbreviation Description
index format
CMDO bc | [31:0] stuff bits - GO_IDLE_STATE |Resets all cards to idle state
Asks the card, in idle state, to
[31:0] OCR send its Operating Conditions
CMD1 bc . R3 SEND_OP_COND ) )
without busy Register contents in  the
response on the CMD line.
Asks any card to send the CID
] numbers on the CMD line (any
CMD2 ber | [31:0] stuff bits R2 ALL_SEND_CID )
card that is connected to the host
will respond)
] SEND_RELATIVE |Ask the card to publish a new
CMD3 ber | [31:0] stuff bits R6 )
_ADDR relative address (RCA)
[31:16] DSR
CMD4 bc ] - SET_DSR Programs the DSR of all cards
[15:0] stuff bits
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[31:25]reserved

Only for 1/O cards. It is similar to
the operation of ACMDA41 for SD

bits IO_SEND_OP_CO o
CMD5 ber R4 memory cards, used to inquire
[24]S18R ND
about the voltage range needed
[23:0]1/0 OCR
by the I/O card.
[31:26] Setto O
[25:24] Access Only for MMC. Switches the
[23:16] Index mode of operation of the
CMD6 ac Ri1b SWITCH N
[15:8] Value selected card or modifies the
[7:3] Setto O EXT_CSD registers.
[2:0] Cmd Set
Command toggles a card
between the stand-by and
transfer states or between the
programming and disconnects
[31:16] RCA SELECT/DESELE )
CMD7 ac ) R1b states. In both cases the card is
[15:0] stuff bits CT_CARD ) )
selected by its own relative
address and gets deselected by
any other address; address 0
deselects the card.
[31:12]reserved Sends SD Memory Card
bits interface condition, which
11:8]suppl includes host supply voltage
CMD8 ber : Jsupply R7 SEND_IF_COND | ) i 9
voltage(VHS) information and asks the card
[7:0]check whether card supports voltage.
pattern Reserved bits shall be set to '0'.
For MMC only. The card sends
CMD8 | adtc |[31:0] stuff bits R1 SEND_EXT_CSD |its EXT_CSD register as a block
of data.
Addressed card sends its card-
[31:16] RCA -
CMD9 ac ] R2 SEND_CSD specific data (CSD) on the CMD
[15:0] stuff bits )
line.
Addressed card sends its card
[31:16] RCA ) o
CMD10 ac ] R2 SEND_CID identification (CID) on CMD the
[15:0] stuff bits )
line.
] STOP Forces the <card to stop
CMD12 ac | [31:0] stuff bits R1b o
TRANSMISSION [transmission
[31:16] RCA Addressed card sends its status
CMD13 | ac _ R1 SEND_STATUS _
[15:0] stuff bits register.
] A host reads the reversed bus
CMD14 | adtc |[31:0] stuff bits R1 BUSTEST_R

testing data pattern from a card.
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Sends an addressed card into
[31:16] RCA the Inactive  State. This
GO_INACTIVE_ .
CMD15 ac |[15:0] reserved - STATE command is used when the host
bits explicitly wants to deactivate a
card.
] A host sends the bus test data
CMD19 | adtc |[31:0] stuff bits R1 BUSTEST W
pattern to a card.

Table 19-5. Block-Oriented read commands (class 2)

Cmd
index

type

Response
argument
format

Abbreviation

Description

CMD16

ac

[31:0]
block R1
length

SET_BLOCKL
EN

In the case of a Standard Capacity SD and
MMC, this command sets the block length
(in bytes) for all following block commands
(read, write, lock). Default is 512 Bytes. Set
length is valid for memory access
commands only if partial block read
operation are allowed in CSD.

In the case of a High Capacity SD Memory
Card, block length set by CMD16
command does not affect the memory read
and write commands. Always 512 Bytes
fixed block length is used. In both cases, if
block length is set larger than 512Bytes,
the card sets the BLOCK_LEN_ERROR
bit.

CMD17

adtc

[31:0] data

address

R1

READ_SINGL
E_BLOCK

In the case of a Standard Capacity SD and
MMC, this command reads a block of the
size selected by the SET_BLOCKLEN
command.

In the case of a High Capacity Card, block
length is fixed 512 Bytes regardless of the
SET_BLOCKLEN command.

CMD18

adtc

[31:0] data

address

R1

READ_MULTI
PLE_BLOCK

Continuously transfers data blocks from
card to host untl interrupted by a
STOP_TRANSMISSION command. Block
length is specified the same as
READ_SINGLE_BLOCK command.

is set in the CSD register

Note: The transferred data must not cross a physical block boundary, unless READ_BLK_MISALIGN
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Table 19-6. Stream read commands (class 1) and stream write commands (class 3)

Cmd Response . _
_ type | argument Abbreviation Description
index format
Reads data stream from the card, starting
[31:0] data READ_DAT_UN . .
CMD11 | adtc R1 at the given address, untl a
address TIL_STOP
STOP_TRANSMISSION follows.
Writes data stream from the host, starting
[31:0] data WRITE_DAT_U _ _
CMD20 | adtc R1 at the given address, untl a
address NTIL_STOP
STOP_TRANSMISSION follows.
Note: The transferred data must not cross a physical block boundary, unless
READ_BLK_MISALIGN is set in the CSD register
Table 19-7. Block-Oriented write commands (class 4)
Cmd Response o _
_ type | argument Abbreviation Description
index format
[31:0] block SET_BLOCKL |See description in Table 19-5. Block-
CMD16 | ac R1 .
length EN Oriented read commands (class 2).
Defines the number of blocks which are
[31:16] set ) . . .
00 going to be transferred in the immediately
0
SET_BLOCK_ |succeeding multiple block read or write
CMD23 | ac [15:0] R1 )
COUNT command. If the argument is all Os, the
number of . . .
subsequent read/write operation will be
blocks
open-ended.
In the case of a Standard Capacity SD, this
command writes a block of the size selected
[31:0] data WRITE_BLOC |by the SET_BLOCKLEN command. In the
CMD24 | adtc R1 o
address K case of a SDHC, block length is fixed 512
Bytes regardless of the SET_BLOCKLEN
command.
Continuously writes blocks of data until a
[31:0] data WRITE_MULT |STOP_TRANSMISSION follows.
CMD25 | adtc R1 _ B
address IPLE _BLOCK |Block length is specified the same as
WRITE_BLOCK command.
Programming of the card identification
register. This command shall be issued only
[31:0] stuff PROGRAM_CI|once. The card contains hardware to prevent
CMD26 | adtc _ R1 _ _ _ _
bits D this operation after the first programming.
Normally this command is reserved for the
manufacturer.
[31:0] stuff PROGRAM_C |Programming of the programmable bits of
CMD27 | adtc ) R1
bits SD the CSD.
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Note:

1.The
WRITE_BLK_MISALIGN is set in the CSD. In the case that write partial blocks is not supported, then
the block length=default block length (given in CSD).
2. Data address is in byte units in a Standard Capacity SD Memory Card and in block (512 Byte) units

data

transferred

in a High Capacity SD Memory Card.

shall

not

Cross

a physical block boundary unless

Table 19-8. Erase commands (class 5)

Cmd Response . _
_ type | argument Abbreviation Description
index format
[31:0] data ERASE_WR_ |Sets the address of the first write block to be
CMD32 | ac R1
address BLK_START |erased.(SD)
[31:0] data ERASE_WR_ [Sets the address of the last write block of the
CMD33 | ac R1 )
address BLK_END |continuous range to be erased.(SD)
ERASE_GRO |Sets the address of the first erase group
[31:0]data o
CMD35 | ac R1 UP_ within a range to be selected for
address
START erase.(MMC)
Sets the address of the last erase
[31:0]data ERASE_GRO o .
CMD36 | ac R1 group within a continuous range to be
address UP_END
selected for erase.(MMC)
[31:0] stuff ] ]
CMD38 | ac bit R1b ERASE Erases all previously selected write blocks.
its

versions of the MMC.

in a High Capacity SD Memory Card.

Note: 1.CMD34 and CMD37 are reserved in order to maintain backwards compatibility with older

2. Data address is in byte units in a Standard Capacity SD Memory Card and in block (512 Byte) units

Table 19-9. Block oriented write protection commands (class 6)

Cmd Response o _
_ type | argument Abbreviation Description
index format
If the card has write protection features, this
command sets the write protection bit of the
addressed group. The properties of write
[31:0] data SET_WRITE_ ) ) N
CMD28 | ac R1b protection are coded in the card specific data
address PROT
(WP_GRP_SIZE).
A High Capacity SD Memory Card does not
support this command.
If the card provides write protection features,
[31:0] data CLR_WRITE_| _ o
CMD29 | ac R1b this command clears the write protection bit
address PROT
of the addressed group.
[31:0] write ] ) )
If the card provides write protection features,
protect SEND_WRITE|
CMD30 | adtc R1 this command asks the card to send the
data _PROT ) ] ]
status of the write protection bits.
address

Note: 1. High Capacity SD Memory Card does not support these three commands.
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Table 19-10. Lock card (class 7)

Cmd Response . _
_ type | argument Abbreviation Description
index format
[31:0] block SET_BLOCK_ |See description in Table 19-5. Block-
CMD16 | ac R1 )
length LEN Oriented read commands (class 2).
Used to set/reset the password or
[31:0] lock/unlock the card. The size of the data
Reserved LOCK_UNLO |block is set by the SET_BLOCK_LEN
CMD42 | adtc| . R1
bits (Set all CK command.
0) Reserved bits in the argument and in Lock
Card Data Structure shall be set to 0.

Table 19-11. Application-specific commands (class 8)

Cmd Response o _
_ type | argument Abbreviation Description
index format
[31]reserve
d bit Sends host capacity support information
[30]HCS (HCS) and asks the accessed card to send
[29:24]rese its operating condition register(OCR)
, SD_SEND_OP , , ,
ACMDA41 | ber | rved bits R3 COND content in the response. HCS is effective
[23:0]Vop - when card receives SEND_IF_COND
Voltage command. CCS bhit is assigned to
Window(O OCRJ[30].
CR[23:0])
[31:1] stuff ]
) SET_CLR_CA |Connect[1]/Disconnect[0] the 50K pull-up
ACMD42 | ac bits R1 ] ]
RD_DETECT |resistor on CD/DAT3 (pin 1) of the card.
[O]set_cd
[31:0] stuff Reads the SD Configuration Register
ACMDS51 | adtc ) R1 SEND_SCR
bits (SCR).
[31:16] Indicates to the card that the next
RCA command is an application specific
CMD55 ac R1 APP_CMD
[15:0] stuff command rather than a standard
bits command.
Used either to transfer a data block to the
card or to get a data block from the card for
[31:1] stuff o -
) general  purpose/application  specific
CMD56 | adtc bits. R1 GEN_CMD
command. The host sets RD/WR=1 for
[0] RD/WR _
reading data from the card and sets to O for
writing data to the card.
[31] WR
[23:18] | Ri(read)/ |RW_MULTIPL _ S
CMD60 | adtc ) Read or write register in address range.
Address | Rlb(write) | E_REGISTER
[7:2] Byte
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Count
Other bits
are
reserved
bits.

CMD61

adtc

[31] WR
[15:0] Data
Unit Count
Other bits

are
reserved
bits

R1(read)/
R1b(write)

RW_MULTIPL

E_BLOCK

Read or write data block in address range.

Note: 1.ACMDx is Application-specific Commands for SD memory.
2. CMD60, CMD61 are Application-specific Commands for CE-ATA device.

Table 19-12. /0O mode commands (class 9)

[25:9] Register
Address
[8] Stuff Bits
[7:0] Write
Data/Stuff Bits

Cmd Response o _
_ type argument Abbreviation Description
index format
Used to write and read 8 bit (register)
data fields. The command addresses a
[31:16] RCA ) )
] card and a register and provides the
[15] reqister o ) )
) data for writing if the write flag is set.
write flag .
] The R4 response contains data read
CMD39 | ac | [14:8] register R4 FAST_IO ) ) )
from the addressed register if the write
address ) )
) flag is cleared to 0. This command
[7:0] register S
dat accesses  application  dependent
ata
registers which are not defined in the
MMC standard.
) GO_IRQ_STA o
CMD40 | ber |[31:0] stuff bits R5 TE Sets the system into interrupt mode
The 10_RW_DIRECT is the simplest
[31] R/W Flag means to access a single register
[30:28] within the total 128K of register space
Function in any /O function, including the
Number common I/O area (CIA). This command
27] RAW Fla reads or writes 1 byte using only 1
127] _ J |IO_RW_DIRE " _ g ony
CMD52 | adtc | [26] Stuff Bits R5 .- command/response pair. A common

use is to initialize registers or monitor
status values for 1/0O functions. This
command is the fastest means to read
or write single 1/O registers, as it
requires

only a single

command/response pair.
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19.5.8.

CMD53 | adtc

[31] R/W Flag
[30:28]
Function
Number
[27] Block
Mode
[26] OP code
[25:9] Register
Address
[8:0]
Byte/Block

Count

IO_RW_EXTE
NDED

This command allows the reading or
writing of a large number of I/O

registers with a single command.

Note: 1.CMD39,

CMD40 are only for MMC.

2. CMD52, CMD53 are only for SD I/O card.

Table 19-13. Switch function commands (class 10)

Cmd

type
index o

argument

Response
format

Abbreviation

Description

CMD6 | adtc

[31] Mode
0:Check function
1:Switch function
[30:24] reserved
[23:20] reserved for function
group 6 (Oh or Fh)
[19:16] reserved for function
group 5 (Oh or Fh)
[15:12] reserved for function
group 4 (Oh or Fh)
[11:8] reserved for function
group 3 (Oh or Fh)
[7:4] function group 2 for

command system

[3:0] function group 1 for access

mode

R1

SWITCH_FUN
C

Only for SD memory
and SD 1/0. Checks
switchable function
(mode 0) and switch

card function (mode 1).

Responses

All responses are sent on the CMD line. The response transmission always starts with the left
bit of the bit string corresponding to the response code word. The code length depends on

the response type.

Responses types

There are 7 types of responses show as follows.
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R1/R1b : normal response command.
R2 : CID, CSD register.

R3: OCR register.

R4 : Fast I/O.

R5 : Interrupt request.

R6 : Published RCA response.

R7 : Card interface condition.

The SD Memory Card support five types of them, R1 / R1b, R2, R3, R6, R7. And the SD I/O
Card and MMC supports additional response types named R4 and R5, but they are not exactly
the same for SD I/O Card and MMC.

Responses format

Responses have two formats, as show in Figure 19-8. Response Token Format, all
responses are sent on the CMD line. The code length depends on the response type. Except
R2 is 136 bits length, others are all 48 bits length.

Figure 19-8. Response Token Format

0 1 Content CRC 1

Total length = 48 bits

Content = CID or CSD CRC 1

Toatal length = 136 bits

Aresponse always starts with a start bit (always 0), followed by the bit indicating the direction
of transmission (card = 0). A value X’ in the tables below indicates a variable entry. All
responses except for the type R3 are protected by a CRC. Every command code word is
terminated by the end bit (always 1).

R1 (normal response command)

Code length is 48 bits. The bits 45:40 indicate the index of the command to be responded to,
this value being interpreted as a binary coded number (between 0 and 63). The status of the
card is coded in 32 bits. Note that if a data transfer to the card is involved, then a busy signal
may appear on the data line after the transmission of each block of data. The host shall check
for busy after data block transmission. The card status is described in Two status fields of
the card.

Table 19-14. Response R1

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width 1 1 6 32 7 1
Value ‘0 ‘0 X X X 1

description start bit | transmission bit | command | card status CRC7 end bit
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‘ index ‘ ‘ ‘ ‘

R1b

R1b is identical to R1 with an optional busy signal transmitted on the data line DATO. The
card may become busy after receiving these commands based on its state prior to the
command reception. The Host shall check for busy at the response.

R2 (CID, CSD register)

Code length is 136 bits. The contents of the CID register are sent as a response to the
commands CMD2 and CMD10. The contents of the CSD register are sent as a response to
CMD9. Only the bits [127..1] of the CID and CSD are transferred, the reserved bit [0] of these
registers is replaced by the end bit of the response.

Table 19-15. Response R2

Bit position 135 134 [133:128] [127:1] 0
Width 1 1 6 127
Value ‘0’ ‘0’ 1111171 X 1’
CID or CSD
description start bit transmission bit reserved register and end bit
internal CRC7

R3 (OCR register)

Code length is 48 bits. The contents of the OCR register are sent as a response to ACMD41
(SD memory), CMD1 (MMC). The response of different cards may have a little different.

Table 19-16. Response R3

Bit position 47 46 [45:40] [39:8] [7:1] 0
Width 1 1 6 32 7
Value ‘0 ‘0 111117 X 11111171 1
OCR
description start bit | transmission bit | reserved ] reserved end bit
register

R4 (Fast I/O)

For MMC only. Code length 48 is bits. The argument field contains the RCA of the addressed
card, the register address to be read out or written to, and its contents. The status bit in the
argument is set if the operation was successful.

Table 19-17. Response R4 for MMC

Bit position | 47 46 [45:40] [39:8] Argument field [7:1] 0
Width 1 1 6 16 1 7 8 7 1
Value ‘0’ ‘0 1001171’ X X X X X 1’

description | start | transmission | CMD39 RCA | status | register read CRC7 | end
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bit bit [31:16] | [15] | address | register bit
[14:8] contents
[7:0]
R4b

For SD 1/O only. Code length is 48 bits. The SDIO card receive the CMD5 will respond with a
unique SD I/O response R4.

Table 19-18. Response R4 for SD I/O

Bit
. 47 46 [45:40] 39 | [38:36] 35 [34:32] 31 |[30:8] | [7:1] 0
position
Width 1 1 6 1 3 1 3 1 23 7 1
“11111 11111
Value ‘0 ‘0 X X X ‘000’ X X 1
1 11
o o Number of
descripti | start |transmissi |Reserv Memory | Stuff /O |Reserv| end
) ) C I/0 . S18A ]
on bit on bit ed ) Present | Bits OCR ed bit
functions

R5 (Interrupt request)

For MMC only. Code length is 48 bits. If the response is generated by the host, the RCA field
in the argument will be 0x0.

Table 19-19. Response R5 for MMC

Bit position | 47 46 [45:40] [39:8] Argument field [7:1] 0
Width 1 1 6 16 16 7
Value ‘0 ‘0 101000’ X X X 1
o RCA [31:16] of | [15:0] Not defined.

- start | transmission o end
description bit bit CMD40 |winning card or of | May be used for | CRC7 bit

i i i

the host IRQ data
R5b

For SD 1/O only. The SDIO card's response to CMD52 and CMD53 is R5. If the communication
between the card and host is in the 1-bit or 4-bit SD mode, the response shall be in a 48-bit
response (R5).

Table 19-20. Response R5 for SD I/O

Bit position | 47 46 [45:40] [39:24] [23:16] [15:8] [7:1] 0
Width 1 1 6 16 8 8 7 1
Value ‘0’ ‘0’ “11020X’ ‘0’ X X X v’

start |transmission ) Response Read or end
description ) ) CMD52/53| Stuff Bits ) CRC7 )
bit bit Flags Write Data bit
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19.5.4.

R6 (Published RCA response)

Code length is 48 bit. The bits [45:40] indicate the index of the command to be responded to
(CMD3). The 16 MSB bits of the argument field are used for the Published RCA number.

Table 19-21. Response R6

Bit position | 47 46 [45:40] [39:8] Argument field [7:1] 0
Width 1 1 6 16 16 7 1
Value {0} ‘0’ ‘000011’ X X X 1’

- start | transmission New published RCA card status end
description ) ) CMD3 ) CRC7 )
bit bit of the card bits:23,22,19,12:0 bit

R7 (Card interface condition)

For SD memory only. Code length is 48 bits. The card support voltage information is sent by
the response of CMD8. Bits 19-16 indicate the voltage range that the card supports. The card
that accepted the supplied voltage returns R7 response. In the response, the card echoes
back both the voltage range and check pattern set in the argument.

Table 19-22. Response R7

Bit position | 47 46 [45:40] [39:20] [19:16] [15:8] [7:1] 0
Width 1 1 6 20 4 8 7
Value ‘0 ‘0 ‘001000’ | ‘00000H’ X X X 1
_ start | transmission Reserved | Voltage | echo-back of end
description ) ] CMD8 ) CRC7 )
bit bit bits accepted | check pattern bit

Data packets format

There are 3 data bus mode, 1-bit, 4-bit and 8-bit width. 1-bit mode is mandatory, 4-bit and 8-
bit mode is optional. Although using 1-bit mode, DAT3 also need to notify card current working
mode is SDIO or SPI, when card reset and initialize.

1-bit data packet format

After card reset and initialize, only DATO pin is used to transfer data. And other pin can be
used freely. Figure 19-9. 1-bit data bus width, Figure 19-10. 4-bit data bus width and
Figure 19-11. 8-bit data bus width show the data packet format when data bus wide is 1-bit,
4-bit and 8-bit.

Figure 19-9. 1-bit data bus width

| 0 | 1% Byte | 2" Byte | 3" Byte |

(o7 [0 05 | 4 [ 02 | 2 [ o2 0| (o7 o] o8] ba 53] 2] o1 ] 0]
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19.5.5.

4-bit data packet format

Figure 19-10. 4-bit data bus width

| o [ b7 [ b3 | b7 |b3|b7|b3| o | b7 | b3 | cre | 1|
| o | bs|b2]be|b2|b6|[b2| oo | b6 [ b2 | cre | 1 |
| o |bs|ba|bs | b |bs [ba| o | bs [0 | cre | 1 |
| o [ba|bo|ba|bo|ba]bo| o | ba|bo| cre | 1|

8-bit data packet format

Figure 19-11. 8-bit data bus width
| 0o | b7 | b7 | b7 | | ------ b7 CRC | 1 |
|0|b6|b6|b6| | | | ------ | |b6|CRC|1|
|0|b5|b5|b5| | | | ------ | |b5|CRC|1|
|0|b4|b4|b4| | | | ------ | |b4| CRC|1|
|0|b7|b3|b7| | | | ------ | |b3|CRC|1|
o | bs b2 |6 | | | | - b2 CRC 1
|0|b5|bl|b5| | | | ~~~~~~ | |b1|CRC|1|
|0|b4|b0|b4| | | | ------ | |b0| CRC|1|

Two status fields of the card

The SD Memory supports two status fields and others just support the first one:
Card Status: Error and state information of a executed command, indicated in the response
SD Status: Extended status field of 512 bits that supports special features of the SD Memory

Card and future Application-Specific features.

Card status

The response format R1 contains a 32-bit field named card status. This field is intended to
transmit the card’s status information (which may be stored in a local status register) to the
host. If not specified otherwise, the status entries are always related to the previous issued
command.

The type and clear condition fields in the table are abbreviated as follows:
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Type

*E: Error bit. Send an error condition to the host. These bits are cleared as soon as the
response (reporting the error) is sent out.

+S: Status bit. These bits serve as information fields only, and do not alter the execution of

the command being responded to. These bits are persistent, they are set and cleared in

accordance with the card status.

*R: Exceptions are detected by the card during the command interpretation and validation

phase (Response Mode).

+X: Exceptions are detected by the card during command execution phase (Execution Mode).

Clear condition

*A: According to current state of the card.

*B: Always related to the previous command. Reception of a valid command will clear it (with

a delay of one command).
+C: Cleared by read

Table 19-23. Card status

. o o Clear
Bits Identifier Type Value Description .
Condition
The command’s argument
'0’= no error
31 OUT_OF_RANGE ERX o was out of the allowed range C
= error
for this card.
A misaligned address which
'0’= no error did not match the block
30 | ADDRESS_ERROR | ERX ) C
'1’= error length was used in the
command.
The transferred block length
is not allowed for this card, or
'0’= no error
29 |BLOCK_LEN_ERROR| ERX " the number of transferred C
= error
bytes does not match the
block length.
'0’= no error An error in the sequence of
28 |ERASE_SEQ ERROR| ER C
1’= error erase commands occurred.
'0’= no error An invalid selection of write-
27 ERASE_PARAM ERX C
1’= error blocks for erase occurred.
Set when the host attempts to
write to a protected block or
'0’= not protected
26 WP_VIOLATION ERX to the temporary or C
'1’= protected )
permanent write protected
card.
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‘0’ = card ]
When set, signals that the
25 | CARD_IS_LOCKED SX unlocked )
card is locked by the host
‘1’ = card locked
Set when a sequence or
” LOCK_UNLOCK_FAIL ERX '0’=no error password error has been
ED '1’= error detected in lock/unlock card
command.
'0’= no error The CRC check of the
23 | COM_CRC_ERROR ER . .
'1’= error previous command failed.
'0’= no error Command not legal for the
22 | ILLEGAL_COMMAND | ER
'1’= error card state.
Card internal ECC was
'0’= success ) ]
21 | CARD_ECC_FAILED | ERX applied but failed to correct
'1’= failure
the data.
'0’= no error
20 CC_ERROR ERX Internal card controller error.
"1’= error
A general or an unknown
'0’= no error )
19 ERROR ERX error occurred during the
'1’= error ]
operation.
Only for MMC. The card
'0’= no error )
18 UNDERRUN ERX o could not sustain data
= error
transfer in stream read mode.
Only for MMC. The card
'0’= no error could not sustain data
17 OVERRUN ERX o )
'1’= error programming in stream write
mode.
Can be either one of the
following errors:
- The read only section of the
CSD does not match the card
CID/ '0’= no error
16 ERX content.
CSD_OVERWRITE '1’= error
- An attempt to reverse the
copy (set as original) or
permanent WP(unprotected)
bits was made.
Set when only partial address
space was erased due to
'0’= not protected existing write protected
15 WP_ERASE_SKIP ERX
'1’= protected blocks or the temporary or
permanent write protected
card was erased.
1 CARD_ECC DISABLE sx '0’= enabled The command has been
D '1’= disabled executed without using the
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internal ECC.

An erase sequence was

cleared before executing

13 ERASE_RESET SR 0= ’c_leared because an out of erase C
1= set sequence command was
received.
0 =idle
1 =ready

) T The state of the card when
2 = identification .
receiving the command. If the
3 = stand by )
command execution causes a
4 = transfer o o
state change, it will be visible
5 = send data i
[12:9]] CURRENT_STATE SX ) to the host in the response to B
6 = receive data
) the next command. The four
7 = programming ) )
] bits are interpreted as a
8 = disconnect )
binary coded number
9-14 = reserved
between 0 and 15.
15 = reserved for

/0 mode

‘0’=notready | Corresponds to buffer empty
8 READY_FOR_DATA SX ] ) A
'1’= ready signaling on the bus.

If set, the card don’t switch to
'0’=no error the expected mode as

7 SWITCH_ERROR EX ) B
'1’= switch error | requested by the SWITCH

command.

6 Reserved

The card will expect ACMD,
'0’= enabled or an indication that the

5 APP_CMD SR C
'1’= disabled command has been

interpreted as ACMD.

4 Reserved
Only for SD memory. Error in
'0’= no error
3 AKE_SEQ_ERROR ER " the sequence of the C
= error
authentication process.
2 Reserved for application specific commands.
[1:0] Reserved for manufacturer test mode.

Note: 18, 17, 7 bits are only for MMC. 14, 3 bits are only for SD memory.

SD status register

The SD Status contains status bits that are related to the SD Memory Card proprietary
features and may be used for future application-specific usage. The size of the SD Status is
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one data block of 512 bits. The content of this register is transmitted to the Host over the DAT
bus along with a 16-bit CRC. The SD Status is sent to the host over the DAT bus as a
response to ACMD13 (CMD55 followed with CMD13). ACMD13 can be sent to a card only in
‘transfer state’ (card is selected). The SD Status structure is described below.

The same abbreviation for ‘type’ and ‘clear condition’ were used as for the Card Status above.

Table 19-24. SD status

. . _ Clear
Bits Identifier Type Value Description .
Condition
'00’= 1 (default) | Shows the currently defined
[511:5 ‘01’=reserved data bus width that was
DAT_BUS_WIDTH SR ] A
10] “10’= 4 bit width defined by
“11’=reserved |SET_BUS_WIDTH command
'0’= Not in the o
Card is in Secured Mode of
mode
509 | SECURED_MODE SR operation (refer to the “SD A
’1’= In Secured
Security Specification”).
Mode
[508:4
reserved
96]
) In the future, the 8 LSBs will
The following ) ]
be used to define different
cards are
i variations of an SD Memory
currently defined: o ]
Card (Each bit will define
[495:4 ’0000’= Regular )
SD_CARD_TYPE SR different SD Types). The 8 A
80] SD RD/WR Card. ) ]
MSBs will be used to define
’0001’= SD ROM
SD Cards that do not comply
Card ] ]
with current SD Physical
'0002'= OTP o
Layer Specification.
[479:4 |SIZE_OF_PROTECT Size of protected
SR (See below) A
48] ED_AREA area
[447:4 Speed class of the
SPEED_CLASS SR (See below) A
40] card
Performance of
[439:4 | PERFORMANCE_M o
SR |move indicated by (See below) A
32] OVE
1 [MB/s] step.
[431:4 )
28] AU_SIZE SR Size of AU (See below) A
[427:4
reserved
24]
Number of AUs to
[423:4
08] ERASE_SIZE SR be erased at a (See below) A
time
[407:4 | ERASE_TIMEOUT SR | Timeout value for (See below) A
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02] erasing areas
specified by
UNIT_OF_ERASE
_AU
Fixed offset value
[401:4
00] ERASE_OFFSET SR added to erase (See below) A
time.
[399:3
reserved
12]
[311:0] reserved for manufacturer

SIZE_OF_PROTECTED_AREA

Setting this field differs between SDSC and SDHC/SDXC.

In case of SDSC Card, the capacity of protected area is calculated as follows:
Protected Area = SIZE_OF_PROTECTED_AREA_* MULT * BLOCK_LEN.
SIZE_OF PROTECTED_AREA is specified by the unit in MULT*BLOCK_LEN.
In case of SDHC and SDXC Cards, the capacity of protected area is calculated as follows:
Protected Area = SIZE_OF_PROTECTED_AREA

SIZE_OF _PROTECTED_AREA is specified by the unit in byte.
SPEED_CLASS

This 8-bit field indicates the Speed Class.

00h: Class 0

01h: Class 2

02h: Class 4

03h: Class 6

04h: Class 10

05h—FFh: Reserved

PERFORMANCE_MOVE

This 8-bit field indicates Pm and the value can be set by 1 [MB/sec] step. If the card does not
move useing RUs, Pm should be considered as infinity. Setting to FFh means infinity. The
minimum value of Pm is defined in Table 19-25. Performance move field.

Table 19-25. Performance move field
PERFORMANCE_MOVE Value Definition
00h Sequential Write
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01lh 1 [MB/sec]
02h 2 [MB/sec]
FEh 254 [MB/sec]
FFh Infinity
AU_SIZE

This 4-bit field indicates AU Size and the value can be selected from 16 KB.

Table 19-26. AU_SIZE field

AU_SIZE Value Definition
Oh Not Defined
1h 16 KB
2h 32 KB
3h 64 KB
4h 128 KB
5h 256 KB
6h 512 KB
7h 1 MB
8h 2 MB
9h 4 MB
Ah 8 MB
Bh 12 MB
Ch 16 MB
Dh 24 MB
Eh 32 MB
Fh 64 MB

The maximum AU size, depends on the card capacity, is defined in Table 19-26. AU_SIZE
field. The card can set any AU size specified in Table 19-27. Maximum AU size that is less
than or equal to the maximum AU size. The card should set smaller AU size as possible.

Table 19-27. Maximum AU size
Card Capacity up to 64MB up to 256MB | up to 512MB up to 32GB up to 2TB

Maximum AU
512 KB 1MB 2 MB 4 MB1 64MB

Size

ERASE_SIZE

This 16-bit field indicates Nerase. When Nerase of AUs are erased, the timeout value is
specified by ERASE_TIMEOUT (Refer to ERASE_TIMEOUT). The host should determine
proper number of AUs to be erased in one operation so that the host can indicate progress of
erase operation. If this field is set to 0, the erase timeout calculation is not supported.
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Table 19-28. Erase size field

ERASE_SIZE Value Definition
0000h Erase Time-out Calculation is not supported.
0001h 1AU
0002h 2 AU
0003h 3 AU
FFFFh 65535 AU

ERASE_TIMEOUT

This 6-bit field indicates the Terase and the value indicates erase timeout from offset when
multiple AUs are erased as specified by ERASE_SIZE. The range of ERASE_TIMEOUT can
be defined as up to 63 seconds and the card manufacturer can choose any combination of
ERASE_SIZE and ERASE_TIMEOUT depending on the implementation. Once
ERASE_TIMEOUT is determined, it determines the ERASE_SIZE. The host can determine
timeout for any number of AU erase by the equation below.

Erase timeout of X AU = —ERASE , ¥ 4 T ovenr (19-1)
NERASE

Table 19-29. Erase timeout field

ERASE_TIMEOUT Value Definition
00 Erase Time-out Calculation is not supported.
01 1 [sec]
02 2 [sec]
03 3 [sec]
63 63 [sec]

If ERASE_SIZE field is set to 0, this field shall be set to 0.
ERASE_OFFSET

This 2-bit field indicates the Torrser and one of four values can be selected. This field is
meaningless if ERASE_SIZE and ERASE_TIMEOUT fields are set to 0.

Table 19-30. Erase offset field

ERASE_OFFSET Value Definition
Oh 0 [sec]
1h 1 [sec]
2h 2 [sec]
3h 3 [sec]
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19.6.

19.6.1.

Programming sequence

Card identification

The host will be in card identification mode after reset and while it is looking for new cards on
the bus. While in card identification mode the host resets all the cards, validates operation
voltage range, identifies cards and asks them to publish Relative Card Address (RCA). This
operation is done to each card separately on its own CMD line. All data communication in the
Card Identification Mode uses the command line (CMD) only.

During the card identification process, the card shall operate in the clock frequency of the
identification clock rate Fop (400 kHz).

Card reset

The command GO_IDLE_STATE (CMDO) is the software reset command and sets MMC and
SD memory card into Idle State regardless of the current card state. The reset command
(CMDOQO) is only used for memory or the memory portion of Combo cards. In order to reset an
1/0 only card or the I/O portion of a combo card, use CMD52 to write 1 to the RES bit in the
CCCR. Cards in Inactive State are not affected by this command.

After power-on by the host, all cards are in Idle State, including the cards that have been in
Inactive State before. After power-on or CMDO, all cards' CMD lines are in input mode, waiting
for start bit of the next command. The cards are initialized with a default relative card address
(RCA) and with a default driver strength with 400 KHz clock frequency.

Operating voltage range validation

At the start of communication between the host and the card, the host may not know the card
supported voltage and the card may not know whether it supports the current supplied voltage.
To verify the voltage, the following commands are defined in the related specification.

The SEND_OP_COND (CMD1 for MMC), SD_SEND_OP_COND (ACMDA41 for SD memory),
I0_SEND_OP_COND (CMDS5 for SD 1/0) command is designed to provide hosts with a
mechanism to identify and reject cards which do not match the Vop range desired by the host.
This is accomplished by the host sending the required Voo voltage window as the operand of
this command. If the card cannot perform data transfer in the specified range it must discard
itself from further bus operations and go into Inactive State. Otherwise, the card shall respond
sending back its Vpp range.

If the card can operate on the supplied voltage, the response echoes back the supply voltage
and the check pattern that were set in the command argument.

If the card cannot operate on the supplied voltage, it returns no response and stays in idle
state. It is mandatory to issue CMD8 prior to ACMDA41 to initialize SDHC Card. Receipt of
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19.6.2.

CMD8 makes the cards realize that the host supports the Physical Layer Version 2.00 and
the card can enable new functions.

Card identification process

The card identification process differs in different cards. The card can be of the type MMC,
CE-ATA, SD, or SD I/O. All types of SD I/O cards are supported, that is, SDIO_IO_ONLY,
SDIO_MEM_ONLY, and SDIO COMBO cards. The identification process sequence includes
the following steps:

1. Check if the card is connected.

2. Identify the card type; SD, MMC(CE-ATA), or SD 1/O.

— Send CMD?5 first. If a response is received, then the card is SD 1/O
— If not, send ACMDA41; if a response is received, then the card is SD.
— Otherwise, the card is an MMC or CE-ATA.

3. Initialization the card according to the card type.

Use a clock source with a frequency = Fop (that is, 400 KHz) and use the following command
sequence:

— SD card - Send CMDO0O, ACMD41, CMD2, CMD3.
— SDHC card - send CMD0, CMD8, ACMD41, CMD2, CMD3.

—SD I/O - Send CMD52, CMDO0, CMDS5, if the card doesn’t have memory port, send CMD3;
otherwise send ACMD41, CMD11 (optional), CMD2, and CMD3.

— MMC/CE-ATA - Send CMDO, CMD1, CMD2, CMD3.
4. ldentify the MMC/CE-ATA device.

— CPU should query the byte 504 (S_CMD_SET) of EXT_CSD register by sending CMD8. If
bit 4 is set to 1, then the device supports ATA mode.

— If ATA mode is supported, the CPU should select the ATA mode by setting the ATA bit (bit 4)
in the EXT_CSD register slice 191(CMD_SET) to activate the ATA command set. The CPU
selects the command set using the SWITCH (CMD6) command.

— In the presence of a CE-ATA device, the FAST_ IO (CMD39) and
RW_MULTIPLE_REGISTER (CMD60) commands will succeed and the returned data will be
the CE-ATA reset signature.

No data commands

To send any non-data command, the software needs to program the SDIO_CMDCTL register
and the SDIO_CMDAGMT register with appropriate parameters. Using these two registers,
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19.6.3.

the host forms the command and sends it to the command bus. The host reflects the errors
in the command response through the error bits of the SDIO_STAT register.

When a response is received the host sets the CMDRECVY (CRC check passed) or
CCRCERR (CRC check error) bit in the SDIO_STAT register. A short response is copied in
SDIO_RESPO, while a long response is copied to all four response registers. The
SDIO_RESPS bit 31 represents the MSB, and the SDIO_RESPO bit O represents the LSB of
a long response.

Single block or multiple block write

During block write (CMD24 - 27) one or more blocks of data are transferred from the host to
the card. The block consists of start bits (1 or 4 bits LOW), data block, CRC and end bits(1 or
4 bits HIGH). If the CRC fails, the card indicates the failure on the SDIO_DAT line and the
transferred data are discarded and not written, and all further transmitted blocks are ignored.

If the host uses partial blocks whose accumulated length is not block aligned, block
misalignment is not allowed (CSD parameter WRITE_BLK_MISALIGN is not set), the card
will detect the block misalignment error before the beginning of the first misaligned block. The
card shall set the ADDRESS_ERROR error bit in the status register, and while ignoring all
further data transfer. The write operation will also be aborted if the host tries to write data on
a write protected area. In this case, however, the card will set the WP_VIOLATION bit (in the
status register).

Programming of the CID and CSD registers does not require a previous block length setting.
The transferred data is also CRC protected. If a part of the CSD or CID register is stored in
ROM, then this unchangeable part must match the corresponding part of the receive buffer.
If this match fails, then the card reports an error and does not change any register contents.

Some cards may require long and unpredictable time to write a block of data. After receiving
a block of data and completing the CRC check, the card will begin writing and hold the DATO
line low if its write buffer is full and unable to accept new data from a new WRITE_BLOCK
command. The host may poll the status of the card with a SEND_STATUS command (CMD13)
at any time, and the card will respond with its status. The status bit READY_FOR_DATA
indicates whether the card can accept new data or whether the write process is still in
progress). The host may deselect the card by issuing CMD7 (to select a different card) which
will displace the card into the Disconnect State and release the DAT line without interrupting
the write operation. When reselecting the card, it will reactivate busy indication by pulling DAT
to low if programming is still in progress and the write buffer is unavailable.

For SD card. Setting a number of write blocks to be pre-erased (ACMD23) will make a
following Multiple Block Write operation faster compared to the same operation without
preceding ACMD23. The host will use this command to define how many number of write
blocks are going to be send in the next write operation.

Steps involved in a single-block or multiple-block write are:
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19.6.4.

1. Write the data size in bytes in the SDIO_DATALEN register.

2. Write the block size in bytes (BLKSZ) in the SDIO_DATACTL register; the host sends data
in blocks of size BLKSZ.

3. Program SDIO_CMDAGMT register with the data address to which data should be written.

4. Program the SDIO_CMDCTL register. For SD memory and MMC cards, use CMD24 for a
single-block write and CMD25 for a multiple-block write. For SD 1/O cards, use CMD53 for
both single-block and multiple-block transfers. For CE-ATA, first use CMDG60 to write the ATA
task file, then use CMD61 to write the data. After writing to the CMD register, host starts
executing a command, when the command is sent to the bus, the CMDRECY flag is set.

5. Write data to SDIO_FIFO.

6. Software should look for data error interrupts. If required, software can terminate the data
transfer by sending the STOP command (CMD12).

7. When a DTEND interrupt is received, the data transfer is over. For an open-ended block
transfer, if the byte count is 0, the software must send the STOP command. If the byte count
is not O, then upon completion of a transfer of a given number of bytes, the host should send
the STOP command.

Single block or multiple block read

Block read is block oriented data transfer. The basic unit of data transfer is a block whose
maximum size is defined in the CSD (READ_BL_LEN), it is always 512 bytes. If
READ_BL_PARTIAL(in the CSD) is set, smaller blocks whose starting and ending address
are entirely contained within 512 bytes boundary may be transmitted.

CMD17 (READ_SINGLE_BLOCK) initiates a block read and after completing the transfer, the
card returns to the Transfer state. CMD18 (READ_MULTIPLE_BLOCK) starts a transfer of
several consecutive blocks. CRC is appended to the end of each block, ensuring data transfer
integrity.

Block Length set by CMD16 can be set up to 512 bytes regardless of READ _BL_LEN.

Blocks will be continuously transferred until a STOP_TRANSMISSION command (CMD12) is
issued. The stop command has an execution delay due to the serial command transmission.
The data transfer stops after the end bit of the stop command.

When the last block of user area is read using CMD18, the host should ignore
OUT_OF_RANGE error that may occur even the sequence is correct.

If the host uses partial blocks whose accumulated length is not block aligned and block
misalignment is not allowed, the card shall detect a block misalignment at the beginning of
the first misaligned block, set the ADDRESS_ERROR error bit in the status register, abort
transmission and wait in the Data State for a stop command.
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19.6.5.

Steps involved in a single block or multiple block read are:
1. Write the data size in bytes in the SDIO_DATALEN register.

2. Write the block size in bytes (BLKSZ) in the SDIO_DATACTL register. The host expects
data from the card in blocks of size BLKSZ each.

3. Program the SDIO_CMDAGMT register with the data address of the beginning of a data
read.

4. Program the SDIO_CMDCTL. For SD and MMC cards, using CMD17 for a single-block
read and CMD18 for a multiple-block read. For SD /O cards, using CMD53 for both single-
block and multiple-block transfers. For CE-ATA, first using CMDG60 to write the ATA task file,
then using CMD 61 to read the data. After writing to the CMD register, the host starts
executing the command, when the command is sent to the bus, the CMDRECYV flag is set.

5. Software should look for data error interrupts. If required, software can terminate the data
transfer by sending a STOP command.

6. The software should read data from the FIFO and make space in the FIFO for receiving
more data.

7. When a DTEND interrupt is received, the software should read the remaining data in the
FIFO.

Stream write and stream read (MMC only)

Stream write

Stream write (CMD20) starts the data transfer from the host to the card beginning from the
starting address until the host issues a stop command. If partial blocks are allowed (if CSD
parameter WRITE_BL_PARTIAL is set) the data stream can start and stop at any address
within the card address space, otherwise it shall start and stop only at block boundaries. Since
the amount of data to be transferred is not determined in advance, CRC cannot be used.

If the host provides an out of range address as an argument to CMD20, the card will reject
the command, remain in Tran state and respond with the ADDRESS_OUT_OF_RANGE bit
set.

Note that the stream write command works only on a 1 bit bus configuration (on DATO). If
CMD20 is issued in other bus configurations, it is regarded as an illegal command.

In order to sustain data transfer in stream mode of the card, the time it takes to receive the
data (defined by the bus clock rate) must be less than the time it takes to program it into the
main memory field (defined by the card in the CSD register). Therefore, the maximum clock
frequency for the stream write operation is given by the following formula:

(19-2)

S*ZWRITE,BL,LEN_loo*NSAC)

max write frequence = min (TRAN_SPEED,
TAAC+R2W_FACTOR
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TRAN_SPEED: Max bus clock frequency.
WRITE_BL_LEN: Max write data block length.
NSAC: Data read access-time 2 in CLK cycles.
TAAC: Data read access-time 1.
R2W_FACTOR: Write speed factor.

All the parameters are defined in CSD register. If the host attempts to use a higher frequency,
the card may not be able to process the data and will stop programming, and while ignoring
all further data transfer, wait (in the Receive-data-State) for a stop command. As the host
sends CMD12, the card will respond with the TXURE bit set and return to Transfer state

Stream read

There is a stream oriented data transfer controlled by READ_DAT_UNTIL_STOP (CMD11).
This command instructs the card to send its data, starting at a specified address, until the
host sends a STOP_TRANSMISSION command (CMD12). The stop command has an
execution delay due to the serial command transmission. The data transfer stops after the
end bit of the stop command.

If the host provides an out of range address as an argument to CMD11, the card will reject
the command, remain in Transfer state and respond with the ADDRESS_OUT_OF_RANGE
bit set.

Note that the stream read command works only on a 1 bit bus configuration (on DATO). If
CMDL11 is issued in other bus configurations, it is regarded as an illegal command.

If the end of the memory range is reached while sending data, and no stop command has
been sent yet by the host, the contents of the further transferred payload is undefined. As the
host sends CMD12 the card will respond with the ADDRESS_OUT_OF_RANGE bit set and
return to Tran state.

In order to sustain data transfer in stream mode of the card, the time it takes to transmit the
data (defined by the bus clock rate) must be less than the time it takes to read it out of the
main memory field (defined by the card in the CSD register). Therefore, the maximum clock
frequency for stream read operation is given by the following formula:

s*zREAD—BL—LEN—wO*NSAc)

max read frequence = min (TRAN_SPEED, TAACTRIW FACTOR

(19-3)

TRAN_SPEED: Max bus clock frequency.
READ_BL_LEN: Max read data block length.
NSAC: Data read access-time 2 in CLK cycles.

TAAC: Data read access-time 1.
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19.6.6.

19.6.7.

R2W_FACTOR: Write speed factor.

All the parameters are defined in CSD register. If the host attempts to use a higher frequency,
the card may not be able to process the data and will stop programming, and while ignoring
all further data transfer, wait (in the Receive-data-State) for a stop command. As the host
sends CMD12, the card will respond with the RXORE bit set and return to Transfer state

Erase

The erasable unit of the MMC/SD memory is the “Erase Group”; Erase group is measured in
write blocks which are the basic writable units of the card. The size of the Erase Group is a
card specific parameter and defined in the CSD.

The host can erase a contiguous range of Erase Groups. Starting the erase process is a three
steps sequence. First the host defines the start address of the range using the
ERASE_GROUP_START (CMD35)/ERASE_WR_BLK_START(CMD32) command, next it
defines the last address of the range wusing the ERASE_GROUP_END
(CMD36)/ERASE_WR_BLK_END(CMD33) command and finally it starts the erase process
by issuing the ERASE (CMD38) command. The address field in the erase commands is an
Erase Group address in byte units. The card will ignore all LSB’s below the Erase Group size,
effectively rounding the address down to the Erase Group boundary.

If an erase command (CMD35, CMD36, and CMD38) is received out of the defined erase
sequence, the card shall set the ERASE_SEQ_ERROR bit in the status register and reset
the whole sequence.

If the host provides an out of range address as an argument to CMD35 or CMD36, the card
will reject the command, respond with the ADDRESS_OUT_OF_RANGE bit set and reset the
whole erase sequence.

If an ‘non erase’ command (neither of CMD35, CMD36, CMD38 or CMD13) is received, the
card shall respond with the ERASE_RESET bit set, reset the erase sequence and execute
the last command.

If the erase range includes write protected blocks, they shall be left intact and only the non-
protected blocks shall be erased. The WP_ERASE_SKIP status bit in the status register shall
be set.

As described above for block write, the card will indicate that an erase is in progress by
holding DATO low. The actual erase time may be quite long, and the host may issue CMD7 to
deselect the card.

Bus width selection

After the host has verified the functional pins on the bus it should change the bus width
configuration.
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19.6.8.

19.6.9.

For MMC, using the SWITCH command (CMD6).The bus width configuration is changed by
writing to the BUS_WIDTH byte in the Modes Segment of the EXT_CSD register (using the
SWITCH command to do so). After power-on or software reset, the contents of the
BUS_WIDTH byte is 0x00. If the host tries to write an invalid value, the BUS_WIDTH byte is
not changed and the SWITCH_ERROR bit is set. This register is write only.

For SD memory, using SET_BUS_WIDTH command (ACMD6) to change the bus width. The
default bus width after power up or GO_IDLE_STATE command (CMDO0) is 1 bhit.
SET_BUS WIDTH (ACMDS) is only valid in a transfer state, which means that the bus width
can be changed only after a card is selected by SELECT/DESELECT_CARD (CMD?7).

Protection management

In order to allow the host to protect data against erase or write, three methods for the cards
are supported in the card:

CSD register for card protection (optional)

The entire card may be write protected by setting the permanent or temporary write protect
bits in the CSD. Some cards support write protection of groups of sectors by setting the
WP_GRP_ENABLE bit in the CSD. It is defined in units of WP_GRP_SIZE erase groups as
specified in the CSD. The SET_WRITE_PROT command sets the write protection of the
addressed write protected group, and the CLR_WRITE_PROT command clears the write
protection of the addressed write protected group.

The High Capacity SD Memory Card does not support Write Protection and does not respond
to write protection commands (CMD28, CMD29 and CMD30).

Write protect switch on the card (SD memory and SD I/O card)

A mechanical sliding tablet on the side of the card will be used by the user to indicate that a
given card is write protected or not. If the sliding tablet is positioned in such a way that the
window is open it means that the card is write protected. If the window is closed the card is
not write protected.

Password card Lock/Unlock Operation

The Password Card Lock/Unlock protection is described in Card Lock/Unlock operation.

Card Lock/Unlock operation

The password protection feature enables the host to lock a card while providing a password,
which later will be used for unlocking the card. The password and its size are kept in a 128-
bit PWD and 8-bit PWD_LEN registers, respectively. These registers are non-volatile so that
a power cycle will not erase them.

Locked cards respond to (and execute) all commands in the basic command class (class 0),

ACMDA41, CMD16 and lock card command class (class 7). Thus, the host is allowed to reset,
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initialize, select, query for status, but not to access data on the card. If the password was
previously set (the value of PWD_LEN is not 0), the card will be locked automatically after
power on.

Similar to the existing CSD register write commands, the lock/unlock command is available
in "transfer state" only. This means that it does not include an address argument and the card
shall be selected before using it.

The card lock/unlock command has the structure and bus transaction type of a regular single
block write command. The transferred data block includes all the required information of the
command (password setting mode, PWD itself, card lock/unlock etc.). Table 19-31. Lock
card data structure describes the structure of the command data block.

Table 19-31. Lock card data structure

Byte Bit 7| Bit6 | Bit5|Bit4| Bit3 Bit 2 Bit 1 Bit 0

0 Reserved(all set to 0) ERASE | LOCK_UNLOCK | CLR_PWD | SET_PWD
1 PWDS_LEN

2

...... Password data(PWD)
PWDS_LEN+1

ERASE: 1 Defines Forced Erase Operation. In byte 0, bit 3 will be set to 1 (all other bits shall
be 0). All other bytes of this command will be ignored by the card.

LOCK/UNLOCK: 1 = Locks the card. 0 = Unlock the card (note that it is valid to set this bit
together with SET_PWD but it is not allowed to set it together with CLR_PWD).

CLR_PWD: 1 = Clears PWD.
SET_PWD: 1 = Set new password to PWD.

PWDS_LEN: Defines the following password(s) length (in bytes). In case of a password
change, this field includes the total password length of old and new passwords. The password
length is up to 16 bytes. In case of a password change, the total length of the old password
and the new password can be up to 32 bytes.

Password data: In case of setting a new password, it contains the new password. In case of
a password change, it contains the old password followed by the new password.

Setting the password
® Select a card (CMD7), if not previously selected.

® Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit
password size (in bytes), and the number of bytes of the new password. In the case that
a password replacement is done, then the block size shall consider that both passwords
(the old and the new one) are sent with the command.

® Send the Card Lock/Unlock command with the appropriate data block size on the data
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line including the 16-bit CRC. The data block shall indicate the mode (SET_PWD), the
length (PWDS_LEN) and the password itself. In the case that a password replacement
is done, then the length value (PWDS_LEN) shall include both passwords (the old and
the new one) and the password data field shall include the old password (currently used)
followed by the new password. Note that the card shall handle the calculation of the new
password length internally by subtracting the old password length from PWDS_LEN field.

In the case that the sent old password is not correct (not equal in size and content), then
the LOCK_UNLOCK_FAILED error bit will be set in the status register and the old
password does not change. In the case that the sent old password is correct (equal in
size and content), then the given new password and its size will be saved in the PWD
and PWD_LEN registers, respectively.

Reset the password

Select a card (CMD7), if not previously selected.

Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit
password size (in bytes), and the number of bytes of the currently used password.

Send the card lock/unlock command with the appropriate data block size on the data line
including the 16-bit CRC. The data block shall indicate the mode CLR_PWD, the length
(PWDS_LEN), and the password itself. If the PWD and PWD_LEN content match the
sent password and its size, then the content of the PWD register is cleared and
PWD_LEN is set to 0. If the password is not correct, then the LOCK_UNLOCK_FAILED
error bit will be set in the status register.

Locking a card

Select a card (CMD7), if not previously selected.

Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit
password size (in bytes), and the number of bytes of the currently used password.

Send the card lock/unlock command with the appropriate data block size on the data line
including the 16-bit CRC. The data block shall indicate the mode LOCK, the length
(PWDS_LEN) and the password itself.

If the PWD content is equal to the sent password, then the card will be locked and the card-

locked status bit will be set in the status register. If the password is not correct, then the
LOCK_UNLOCK_FAILED error bit will be set in the status register.

Unlocking the card

Select a card (CMD?7), if not previously selected.

Define the block length (CMD16), given by the 8-bit card lock/unlock mode, the 8-bit
password size (in bytes), and the number of bytes of the currently used password.

Send the card lock/unlock command with the appropriate data block size on the data line
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19.7.

19.7.1.

including the 16-bit CRC. The data block shall indicate the mode UNLOCK, the length
(PWDS_LEN) and the password itself.

If the PWD content is equal to the sent password, then the card will be unlocked and the card-
locked status bit will be cleared in the status register. If the password is not correct, then the
LOCK_UNLOCK_FAILED error bit will be set in the status register.

Specific operations

SD 1/O specific operations

The SD I/0O only card and SD I/O combo card support these specific operations:
Read Wait operation

Suspend/resume operation

Interrupts

The SD /O supports these operations only if the SDIO_DATACTL[11] bit is set, except for
read suspend that does not need specific hardware implementation.

SD 1/O read wait operation

The optional Read Wait (RW) operation is defined only for the SD 1-bit and 4-bit modes. The
Read Wait operation allows a host to signal a card that is executing a read multiple (CMD53)
operation to temporarily stall the data transfer while allowing the host to send commands to
any function within the SD 1/O card. To determine if a card supports the Read Wait protocol,
the host shall test SRW capability bit in the Card Capability byte of the CCCR. The timing for
Read Wait is based on the Interrupt Period. If a card does not support the Read Wait protocol,
the only means a host has to stall (not abort) data in the middle of a read multiple command
is to control the SDIO_CLK. The limitation of this method is that with the clock stopped, the
host cannot issue any commands, and so cannot perform other operations during the delay
time. Read Wait support is mandatory for the card to support suspend/resume. Figure 19-12.
Read wait control by stopping SDIO CLK and Figure 19-13. Read wait operation using
SDIO DAT[?2] show the Read Wait mode about stop the SDIO_CLK and use SDIO_DAT[2].

Figure 19-12. Read wait control by stopping SDIO_CLK

SDIO_ CLK — [ LI LML L L My
DAT —| Read data 1a Interrupt period | H—— Readdata1b |
<« P—>
2 CLK 1CLK 2CLK
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Figure 19-13. Read wait operation using SDIO_DAT[2]

sbioclk Ty e

CMD CMD52

L =202 |
DAT[3:0] —| Read data 1a | [ INT } Read data 1b
“—r>—>
2 CLK 2CLK

DAT1 —| Read data 1a | { ' Read data 1b
DAT2 Read data la |—| Readdata 1b

«—>

< 2 CLK;

4 CLK min(no wait)

We can start the Read Wait interval before the data block is received: when the data unit is
enabled (SDIO_DATACTL[O] bit set), the SD I/O specific operation is enabled
(SDIO_DATACTL[11] bit set), Read Wait starts (SDIO_DATACTL[10] = O and
SDIO_DATACTL[8] = 1) and data direction is from card to SD 1/O (SDIO_DATACTL[1] = 1),
the DSM directly moves from Idle to Read Wait. In Read Wait the DSM drives SDIO_DATI[2]
to 0 after 2 SDIO_CLK clock cycles. In this state, when you set the RWSTOP bit
(SDIO_DATACTLI[9]), the DSM remains in Wait for two more SDIO_CLK clock cycles to drive
SDIO_DAT(2] to 1 for one clock cycle. The DSM then starts waiting again until it receives data
from the card. The DSM will not start a Read Wait interval while receiving a block even if
Read Wait start is set: the Read Wait interval will start after the CRC is received. The
RWSTOP bit has to be cleared to start a new Read Wait operation. During the Read Wait
interval, the SDIO can detect SD I/O interrupts on SDIO_DATI1].

SD 1/O suspend/resume operation

Within a multi-function SD 1/O or a Combo card, there are multiple devices (I/O and memory)
that share access to the SD bus. In order to allow the sharing of access to the host among
multiple devices, SD I/O and combo cards can implement the optional concept of
suspend/resume. If a card supports suspend/resume, the host may temporarily halt a data
transfer operation to one function or memory (suspend) in order to free the bus for a higher
priority transfer to a different function or memory. Once this higher-priority transfer is
completed, the original transfer is re-started where it left off (resume).

Figure 19-14. Function2 read cycle inserted during functionl multiple read cycle shows

a condition where the first suspend request is not immediately accepted. The host then
checks the status of the request with a read and determines that the bus has now been
released (BS=0). At this time, a read to function 2 is started. Once that single block read is
completed, the resume is issued to function, causing the data transfer to resume (DF=1).

Figure 19-14. Function2 read cycle inserted during functionl multiple read cycle

Suspend to

Readn t_JIocks to function is not Check status, Read 1 plocks to Resume to
function 1 accepted bus suspended function 2 function 1
cMD Read n blocks | RES CMD52(RAW) |_| CMD52(R) Read 1 block | RES CMD52(RAW)
CMD(1) P(1) BR=1,BS=1 BS=0 CMD(2) P(1) FS=1DF=1
Data Data Data
DAT Fnl Fr2
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When the host sends data to the card, the host can suspend the write operation. The
SDIO_CMDCTL[11] bit is set and indicates to the CSM that the current command is a suspend
command. The CSM analyzes the response and when the response is received from the card
(suspend accepted), it acknowledges the DSM that goes Idle after receiving the CRC token
of the current block.

To suspend a read operation, the DSM waits in the WaitR state, when the function to be
suspended sends a complete packet just before stopping the data transaction. The
application should continue reading receive FIFO until the FIFO is empty, and the DSM goes
Idle state automatically.

Interrupts

In order to allow the SD 1I/O card to interrupt the host, an interrupt function is added to a pin
on the SD interface. Pin number 8, which is used as SDIO_DAT([1] when operating in the 4-
bit SD mode, is used to signal the card’s interrupt to the host. The use of interrupt is optional
for each card or function within a card. The SD I/O interrupt is “level sensitive”, that is, the
interrupt line shall be held active (low) until it is either recognized and acted upon by the host
or de-asserted due to the end of the Interrupt Period. Once the host has serviced the interrupt,
it is cleared via function unique 1/O operation.

When setting the SDIO_DATACTL[11] bit SD I/O interrupts can detect on the SDIO_DATI[1]
line.

Figure 19-15. Read Interrupt cycle timing shows the timing of the interrupt period for single
data transaction read cycles.

Figure 19-15. Read Interrupt cycle timing

spioclk FLyyLrrrryryurrrryyrrrr e

CMD —| S| Command read data| E|—| S| Response | E|—| S| Command read dala| El—
DATO s| oaa [E
DAT1 —s| oae |E|ﬁ| —

DATl(mode)| interrupt | data | | data |

Figure 19-16. Write interrupt cycle timing

spioclkLyyurororryryryyrryyyyy e

CMD —| S| Command wrkeda£a| E|—| S| Response | EI I S| Command write dala| E}
DATO Is| oaa [El——s]| cre|El—
D —
DAT1 | | S| pata |E o |
DAT1(mode) | interrupt | data | interrupt |

When transferring multiple blocks of data in the 4-bit SD mode, a special definition of the
interrupt period is required. In order to allow the highest speed of communication, the interrupt
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19.7.2.

period is limited to a 2-clock interrupt period. Card that wants to send an interrupt signal to
the host shall assert DAT1 low for the first clock and high for the second clock. The card shall
then release DATL1 into the hi-Z State. Figure 19-17. Multiple block 4-Bit read interrupt
cycle timing shows the operation for an interrupt during a 4-bit multi-block read and Eigure
19-18. Multiple block 4-Bit write interrupt cycle timing shows the operation for an interrupt
during a 4-bit multi-block write

Figure 19-17. Multiple block 4-Bit read interrupt cycle timing
spio_ck LML L e e e L e e L L L L L L

CMD —|S| Command readdalal E|—| Sl Response | EI

DAT1 s|_oa [E—— S| oaa [E] —
DAT1(mode) | interrupt | data | int | data | int | daa

Figure 19-18. Multiple block 4-Bit write interrupt cycle timing

splo_clk ML L e e e L e L L L L L

CMD —|S| Command write data |E|—|S| Response |EI

I C s S ey M e
DAT1(mode) | interrupt | data | |merrupt| data | mterrupll |

CE-ATA specific operations

The CE-ATA device supports these specific operations:

Receive command completion signal

Send command completion disable signal

The SDIO supports these operations only when SDIO_CMDCTL[14] is set.

Command completion signal

CE-ATA defines a command completion signal that the device uses to notify the host upon
normal ATA command completion or when ATA command termination has occurred due to
an error condition the device has encountered.

If the ‘enable CMD completion’ bit SDIO_CMDCTL[12] is set and the ‘not interrupt Enable’ bit
SDIO_CMDCTL[13] is reset, the CSM waits for the command completion signal in the
Waitcompl state.

When start bit is received on the CMD line, the CSM enters the Idle state. No new command
can be sent for 7 bit cycles. Then, for the last 5 cycles (out of the 7) the CMD line is driven
to*1’ in push-pull mode.

After the host detects a command completion signal from the device, it should issue a
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FAST_IO (CMD39) command to read the ATA Status register to determine the ending status
for the ATA command.

Command completion disable signal

The host may cancel the ability for the device to return a command completion signal by
issuing the command completion signal disable. The host shall only issue the command
completion signal disable when it has received an R1b response for an outstanding
RW_MULTIPLE_BLOCK (CMD61) command.

Command completion signal disable is sent 8 bit cycles after the reception of a short response
if the ‘enable CMD completion’ bit, SDIO_CMDCTL][12] is not set and the ‘not interrupt Enable’
bit SDIO_CMDCTL][13] is reset.

Figure 19-19. The operation for command completion disable signal

«—> “—rrc—>>
Ncr Nrc Command completion
signal disable
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19.8. Register definition

19.8.1. Power control register (SDIO_PWRCTL)

Address offset: 0x00
Reset value: 0x0000 0000

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

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

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

‘ Reserved PWRCTL[1:0] |

w

Bits Fields Descriptions

31:2 Reserved Must be kept at reset value

1:0 PWRCTL[1:0] SDIO power control bits.

These bits control the SDIO state, card input or output.

00: SDIO power off: SDIO cmd/data state machine reset to IDLE, clock to card
stopped, no cmd/data output to card

01: Reserved

10: Reserved

11: SDIO Power on

Note: Between Two write accesses to this register, it needs at least 3 SDIOCLK + 2 pclk2
which used to sync the registers to SDIOCLK clock domain.

19.8.2. Clock control register (SDIO_CLKCTL)

Address offset: 0x04
Reset value: 0x0000 0000

This register controls the output clock SDIO_CLK.
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
HWCLKE | CLKEDG CLKPWR
Reserved BUSMODEJ1:0] CLKBYP CLKEN DIV[7:0]
N E SAV
w w w w w w rw
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Bits Fields Descriptions

31:15 Reserved Must be kept at reset value

14 HWCLKEN Hardware Clock Control enable bit

If this bit is set, hardware controls the SDIO_CLK on/off depending on the system
bus is very busy or not. There is no underrun/overrun error when this bit is set,
because hardware can close the SDIO_CLK when almost underrun/overrun.

0: HW Clock control is disabled

1: HW Clock control is enabled

13 CLKEDGE SDIO_CLK clock edge selection bit
0: Select the rising edge of the SDIOCLK to generate SDIO_CLK
1: Select the falling edge of the SDIOCLK to generate SDIO_CLK

12:11 BUSMODE[1:0] SDIO card bus mode control bit
00: 1-bit SDIO card bus mode selected
01: 4-bit SDIO card bus mode selected
10: 8-bit SDIO card bus mode selected

10 CLKBYP Clock bypass enable bit
This bit defines the SDIO_CLK is directly SDIOCLK or not.
0: NO bypass, the SDIO_CLK refers to DIV bits in SDIO_CLKCTL register.
1: Clock bypass, the SDIO_CLK is directly from SDIOCLK (SDIOCLK/1).

9 CLKPWRSAV SDIO_CLK clock dynamic switch on/off for power saving.
This bit controls SDIO_CLK clock dynamic switch on/off when the bus is idle for
power saving
0: SDIO_CLK clock is always on
1: SDIO_CLK closed when bus idle

8 CLKEN SDIO_CLK clock output enable bit
0: SDIO_CLK is disabled
1: SDIO_CLK is enabled

7:0 DIV[7:0] Clock division
This field and DIV[8] bit defines the division factor to generator SDIO_CLK clock to
card. The SDIO_CLK is divider from SDIOCLK if CLKBYP bit is 0, and the
SDIO_CLK frequency = SDIOCLK / (DIV[8:0] + 2).

Note: Between Two write accesses to this register, it needs at least 3 SDIOCLK + 2 pclk2
which used to sync the registers to SDIOCLK clock domain.

19.8.3. Command argument register (SDIO_CMDAGMT)

Address offset: 0x08
Reset value: 0x0000 0000

This register defines 32 bit command argument, which will be used as part of the command
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(bit 39 to bit 8).
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
‘ CMDAGMT([31:16] |
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CMDAGMTI[15:0] |
I\
Bits Fields Descriptions
31.0 CMDAGMT[31:0] SDIO card command argument
This field defines the SDIO card command argument which sent to card. This field
is the bits [39:8] of command message. If the command message contains an
argument, this field must update before writing SDIO_CMDCTL register when
sending a command.
19.8.4. Command control register (SDIO_CMDCTL)
Address offset: 0x0C
Reset value: 0x0000 0000
The SDIO_CMDCTL register contains the command index and other command control bits to
control command state machine.
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
SUSPEN WAIT
Reserved | ATAEN | NINTEN [ENCMDC CSMEN INTWAIT CMDRESP[1:0] CMDIDX[5:0]
D DEND
w w w w w w w w w
Bits Fields Descriptions
31:15 Reserved Must be kept at reset value
14 ATAEN CE-ATA command enable(CE-ATA only)
If this bit is set, the host enters the CE-ATA mode, and the CSM transfers CMD61.
0: CE-ATA disable
1: CE-ATA enable
13 NINTEN No CE-ATA Interrupt (CE-ATA only)
This bit defines if there is CE-ATA interrupt or not. This bit is only used when CE-
ATA card.

0: CE-ATA interrupt enable
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1: CE_ATA interrupt disable
12 ENCMDC CMD completion signal enabled (CE-ATA only)
This bit defines if there is command completion signal or not in CE-ATA card.
0: no completion signal
1: have completion signal
11 SUSPEND SD I/0 suspend command(SD 1/O only)
This bit defines whether the CSM to send a suspend command or not. This bit is
only used for SDIO card.
0: no effect
1: suspend command
10 CSMEN Command state machine (CSM) enable bit
0: Command state machine disable (stay on CS_Idle)
1: Command state machine enable
9 WAITDEND Waits for ends of data transfer.
If this bit is set, the command state machine starts to send a command must wait
the end of data transfer.
0: no effect
1: Wait the end of data transfer
8 INTWAIT Interrupt wait instead of timeout
This bit defines the command state machine to wait card interrupt at CS_Wait state
in command state machine. If this bit is set, no command wait timeout generated.
0: Not wait interrupt.
1: Wait interrupt.
7:6 CMDRESP[1:0] Command response type bits
These bits define the response type after sending a command message.
00: No response
01: Short response
10: No response
11: Long response
5:0 CMDIDX][5:0] Command index
This field defines the command index to be sent to SDIO card.
Note: Between Two write accesses to this register, it needs at least 3 SDIOCLK + 2 pclk2
which used to sync the registers to SDIOCLK clock domain.
19.8.5. Command index response register (SDIO_RSPCMDIDX)

Address offset: 0x10
Reset value: 0x0000 0000
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This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved RSPCMDIDX][5:0]
r
Bits Fields Descriptions
316 Reserved Must be kept at reset value
5:0 RSPCMDIDX[5:0] Last response command index
Read-only bits field. This field contains the command index of the last command
response received. If the response doesn’t have the command index (long response
and short response of R3), the content of this register is undefined.
19.8.6. Response register (SDIO_RESPx x=0..3)
Address offset: 0x14+(4*x), x=0..3
Reset value: 0x0000 0000
These register contains the content of the last card response received.
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
‘ RESPx[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RESPx[15:0]
r
Bits Fields Descriptions
31.0 RESPx[31:0] Card state. The content of the response, see Table 19-32. SDIO _RESPx register

at different response type.

The short response is 32 bits, the long response is 127 bits (bit 128 is the end bit 0).

Table 19-32. SDIO_RESPX register at different response type

Register Short response Long response
SDIO_RESPO Card response[31:0] Card response[127:96]
SDIO_RESP1 reserved Card response [95:64]
SDIO_RESP2 reserved Card response [63:32]
SDIO_RESP3 reserved Card response [31:1],plus bit 0

584



<

GigaDevice GD32F10x User Manual

19.8.7. Data timeout register (SDIO_DATATO)

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

‘ DATATO[31:16] |

w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DATATO[15:0] |
I\
Bits Fields Descriptions
31.0 DATATOI[31:0] Data timeout period

These bits define the data timeout period count by SDIO_CLK. When the DSM enter
the state WaitR or BUSY, the internal counter which loads from this register starts
decrement. The DSM timeout and enter the state Idle and set the DTTMOUT flag

when the counter decreases to 0.

Note: The data timer register and the data length register must be updated before being
written to the data control register when need a data transfer.

19.8.8. Data length register (SDIO_DATALEN)

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 ‘ DATALEN[24:16] |
2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ DATALEN[15:0]

w
Bits Fields Descriptions
31:25 Reserved Must be kept at reset value
24:0 DATALEN[24:0] Data transfer length

This register defined the number of bytes to be transferred. When the data transfer

starts, the data counter loads this register and starts decrement.

Note: If block data transfer selected, the content of this register must be a multiple of the block

size (refer to SDIO_DATACTL). The data timer register and the data length register must be
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updated before being written to the data control register when need a data transfer.
19.8.9. Data control register (SDIO_DATACTL)
Address offset: 0x2C
Reset value: 0x0000 0000
This register controls the DSM.
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
TRANS
Reserved IOEN | RWTYPE |RWSTOP| RWEN BLKSZ[3:0] DMAEN MOD DATADIR | DATAEN
w w rw I\ rw w rw w w
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value
11 IOEN SD 1/O specific function enable(SD 1/O only)
0: Not SD I/0 specific function
1: SD /O specific function
10 RWTYPE Read wait type(SD /O only)
0: Read Wait control using SDIO_DATI[2]
1: Read Wait control by stopping SDIO_CLK
9 RWSTOP Read wait stop(SD 1/O only)
0: No effect
1: Stop the read wait process if RWEN bit is set
8 RWEN Read wait mode enabled(SD I/O only)
0: Read wait mode is disabled
1: Read wait mode is enabled
74 BLKSZ[3:0] Data block size

These bits defined the block size when data transfer is block transfer.

0000: block size = 2° =1 byte
0001: block size = 21 = 2 bytes
0010: block size = 22= 4 bytes
0011: block size = 23 = 8 bytes
0100: block size = 24 = 16 bytes
0101: block size = 25 = 32 bytes
0110: block size = 25 = 64 bytes
0111: block size = 27 = 128 bytes
1000: block size = 28 = 256 bytes
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1001: block size = 2° = 512 bytes
1010: block size = 2% = 1024 bytes
1011: block size = 21 = 2048 bytes
1100: block size = 212 = 4096 bytes
1101: block size = 213 = 8192 bytes
1110: block size = 214 = 16384 bytes
1111: reserved

3 DMAEN DMA enable bit
0: DMA is disabled.
1: DMA is enabled.

2 TRANSMOD Data transfer mode
0: Block transfer
1: Stream transfer or SDIO multibyte transfer

1 DATADIR Data transfer direction
0: Write data to card.
1: Read data from card.

0 DATAEN Data transfer enable bit
Write 1 to this bit to start data transfer regardless this bit is 0 or 1. The DSM moves
to Readwait state if RWEN is set or to the WaitS, WaitR state depend on DATADIR
bit. Start a new data transfer, it not need to clear this bit to 0.

Note: Between Two write accesses to this register, it needs at least 3 SDIOCLK + 2 pclk2
which used to sync the registers to SDIOCLK clock domain.

19.8.10. Data counter register (SDIO_DATACNT)

Address offset: 0x30
Reset value: 0x0000 0000

This register is read only. When the DSM from Idle to WaitR or WaitS, it loads value from data
length register (SDIO_DATALEN). It decrements with the data transferred, when it reaches 0,
the flag DTEND is set.

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 ‘ DATACNT[24:16]

r

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

‘ DATACNT[15:0]

r

Bits Fields Descriptions
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31:25 Reserved Must be kept at reset value
24:0 DATACNT([24:0] Data count value
Read-only bits field. When these bits are read, the number of remaining data bytes
to be transferred is returned.
19.8.11.  Status register (SDIO_STAT)

Address offset: 0x34
Reset value: 0x0000 0000

This register is read only. The following descripts the types of flag:

The flags of bit [23:22, 10:0] can only be cleared by writing 1 to the corresponding bit in
interrupt clear register (SDIO_INTC).

The flags of bit [21:11] are changing depend on the hardware logic.

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
RXDTVA
Reserved ATAEND | SDIOINT L TXDTVAL RFE TFE RFF TFF
r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DTBLK CMD CMD DTTMOU CMD DTCRC |CCRCER
RFH TFH RXRUN [ TXRUN |CMDRUN STBITE | DTEND RXORE | TXURE
END SEND RECV T TMOUT ERR R
r r r r r r r r r r r r r r r r
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23 ATAEND CE-ATA command completion signal received (only for CMD61)
22 SDIOINT SD I/O interrupt received
21 RXDTVAL Data is valid in receive FIFO
20 TXDTVAL Data is valid in transmit FIFO
19 RFE Receive FIFO is empty
18 TFE Transmit FIFO is empty
When HW Flow control is enabled, TFE signals becomes activated when the FIFO
contains 2 words.
17 RFF Receive FIFO is full
When HW Flow control is enabled, RFF signals becomes activated 2 words before
the FIFO is full.
16 TFF Transmit FIFO is full
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15 RFH Receive FIFO is half full: at least 8 words can be read in the FIFO
14 TFH Transmit FIFO is half empty: at least 8 words can be written into the FIFO
13 RXRUN Data reception in progress
12 TXRUN Data transmission in progress
11 CMDRUN Command transmission in progress
10 DTBLKEND Data block sent/received (CRC check passed)
9 STBITE Start bit error in the bus.
8 DTEND Data end (data counter, SDIO_DATACNT, is zero)
7 CMDSEND Command sent (no response required)
6 CMDRECV Command response received (CRC check passed)
5 RXORE Received FIFO overrun error occurs
4 TXURE Transmit FIFO underrun error occurs
3 DTTMOUT Data timeout
The data timeout period depends on the SDIO_DATATO register.
2 CMDTMOUT Command response timeout
The command timeout period has a fixed value of 64 SDIO_CLK clock periods.
1 DTCRCERR Data block sent/received (CRC check failed)
0 CCRCERR Command response received (CRC check failed)
19.8.12.  Interrupt clear register (SDIO_INTC)

Address offset: 0x38
Reset value: 0x0000 0000

This register is write only. Writing 1 to the bit can clear the corresponding bit in the SDIO_STAT

register.

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
ATAEND | SDIOINT
Reserved Reserved
C C
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DTBLK CMD CMD DTTMOU CMD DTCRC CCRC
Reserved STBITEC | DTENDC RXOREC | TXUREC
ENDC SENDC | RECVC TC TMOUTC| ERRC ERRC
w w w w w w w w w w w

589




<

GigaDevice GD32F10x User Manual
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23 ATAENDC ATAEND flag clear bit

Write 1 to this bit to clear the flag.
22 SDIOINTC SDIOINT flag clear bit

Write 1 to this bit to clear the flag.
21:11 Reserved Must be kept at reset value
10 DTBLKENDC DTBLKEND flag clear bit

Write 1 to this bit to clear the flag.
9 STBITEC STBITE flag clear bit

Write 1 to this bit to clear the flag.
8 DTENDC DTEND flag clear bit

Write 1 to this bit to clear the flag.
7 CMDSENDC CMDSEND flag clear bit

Write 1 to this bit to clear the flag.
6 CMDRECVC CMDRECY flag clear bit

Write 1 to this bit to clear the flag.
5 RXOREC RXORE flag clear bit

Write 1 to this bit to clear the flag.
4 TXUREC TXURE flag clear bit

Write 1 to this bit to clear the flag.
3 DTTMOUTC DTTMOUT flag clear bit

Write 1 to this bit to clear the flag.
2 CMDTMOUTC CMDTMOUT flag clear bit

Write 1 to this bit to clear the flag.
1 DTCRCERRC DTCRCERR flag clear bit

Write 1 to this bit to clear the flag.
0 CCRCERRC CCRCERR flag clear bit

Write 1 to this bit to clear the flag.
19.8.13. Interrupt enable register (SDIO_INTEN)

Address offset: 0x3C
Reset value: 0x0000 0000

This register enables the corresponding interrupt in the SDIO_STAT register.
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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
ATAENDI | SDIOINTI| RXDT |TXDTVAL
Reserved RFEIE TFEIE RFFIE TFFIE
E E VALIE IE
rw I\ rw rw w rw w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CMDRUN| DTBLK CMD CMD DT CMD DTCRC CCRC
RFHIE TFHIE [RXRUNIE|TXRUNIE STBITEIE [DTENDIE RXOREIE | TXUREIE
IE ENDIE SENDIE | RECVIE TMOUTIE [TMOUTIE| ERRIE ERRIE
w w w w w w w w w w w w w w w w
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value
23 ATAENDIE CE-ATA command completion signal received interrupt enable
Write 1 to this bit to enable the interrupt.
22 SDIOINTIE SD I/O interrupt received interrupt enable
Write 1 to this bit to enable the interrupt.
21 RXDTVALIE Data valid in receive FIFO interrupt enable
Write 1 to this bit to enable the interrupt.
20 TXDTVALIE Data valid in transmit FIFO interrupt enable
Write 1 to this bit to enable the interrupt.
19 RFEIE Receive FIFO empty interrupt enable
Write 1 to this bit to enable the interrupt.
18 TFEIE Transmit FIFO empty interrupt enable
Write 1 to this bit to enable the interrupt.
17 RFFIE Receive FIFO full interrupt enable
Write 1 to this bit to enable the interrupt.
16 TFFIE Transmit FIFO full interrupt enable
Write 1 to this bit to enable the interrupt.
15 RFHIE Receive FIFO half full interrupt enable
Write 1 to this bit to enable the interrupt.
14 TFHIE Transmit FIFO half empty interrupt enable
Write 1 to this bit to enable the interrupt.
13 RXRUNIE Data reception interrupt enable
Write 1 to this bit to enable the interrupt.
12 TXRUNIE Data transmission interrupt enable
Write 1 to this bit to enable the interrupt.
11 CMDRUNIE Command transmission interrupt enable
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Write 1 to this bit to enable the interrupt.

10 DTBLKENDIE Data block end interrupt enable
Write 1 to this bit to enable the interrupt.

9 STBITEIE Start bit error interrupt enable
Write 1 to this bit to enable the interrupt.

8 DTENDIE Data end interrupt enable
Write 1 to this bit to enable the interrupt.

7 CMDSENDIE Command sent interrupt enable
Write 1 to this bit to enable the interrupt.

6 CMDRECVIE Command response received interrupt enable
Write 1 to this bit to enable the interrupt.

5 RXOREIE Received FIFO overrun error interrupt enable
Write 1 to this bit to enable the interrupt.

4 TXUREIE Transmit FIFO underrun error interrupt enable
Write 1 to this bit to enable the interrupt.

3 DTTMOUTIE Data timeout interrupt enable
Write 1 to this bit to enable the interrupt.

2 CMDTMOUTIE Command response timeout interrupt enable
Write 1 to this bit to enable the interrupt.

1 DTCRCERRIE Data CRC fail interrupt enable
Write 1 to this bit to enable the interrupt.

0 CCRCERRIE Command response CRC fail interrupt enable

Write 1 to this bit to enable the interrupt.

19.8.14.  FIFO counter register (SDIO_FIFOCNT)

Address offset: 0x48
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ FIFOCNT[23:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ FIFOCNT[15:0]
r
Bits Fields Descriptions
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31:24 Reserved Must be kept at reset value
23:0 FIFOCNT[23:0] FIFO counter.

These bits define the remaining number words to be written or read from the FIFO.
It loads the data length register (SDIO_DATALEN[24:2] if SDIO_DATALEN is word-
aligned or SDIO_DATALEN[24:2]+1 if SDIO_DATALEN is not word-aligned) when
DATAEN is set, and start count decrement when a word write to or read from the
FIFO.

19.8.15. FIFO data register (SDIO_FIFO)

Address offset: 0x80
Reset value: 0x0000 0000

This register occupies 32 entries of 32-bit words, the address offset is from 0x80 to OxFC.
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

‘ FIFODT[31:16]

w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ FIFODT[15:0]
w
Bits Fields Descriptions
31:0 FIFODT[31:0] Receive FIFO data or transmit FIFO data

These bits are the data of receive