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1.

1.1.

System and memory architecture

The devices of GD32H7xx series are 32-bit general-purpose microcontrollers based on the
Arm® Cortex®-M7 processor. The Arm® Cortex®-M7 processor includes 64-bit AMBA4 AXI,
32-bit AHB peripheral (AHBP) port, 32-bit AHB slave port for external master to access
memories and APB interface for CoreSight debug components. 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®-M7 processor

The Arm® Cortex®-M7 processor is a highly efficient high-performance, embedded processor
that features low interrupt latency, low-cost debug, and has backwards compatibility with
existing Cortex-M profile processors. The processor has an in-order super-scalar pipeline that
means many instructions can be dual-issued, including load/load and load/store instruction
pairs because of multiple memory interfaces. The Cortex®-M7 is a high-performance
processor, which features a 6-stage superscalar pipeline with branch prediction and an
optional FPU capable of single-precision and optionally double-precision operations. The
instruction and data buses have been enlarged to 64-bit wide over the previous 32-bit buses.

The interfaces that the processor supports include:

64-bit AXI14 interface

32-bit AHB master interface
32-bit AHB slave interface
64-bit instruction TCM interface
2x32-bit data TCM interfaces

The processor contains the following external interfaces:

AHBP interface

AHBS interface

AHBD interface

External Private Peripheral Bus
ATB interfaces

TCM interface

Cross Trigger interface

MBIST interface

AXIM interface

The Cortex®-M7 processor is based on the ARMv7-M architecture and supports a powerful
and scalable instruction set including general data processing I/O control tasks, advanced
data processing bit field manipulations, DSP and floating point instructions. Some system
peripherals listed below are also provided by Cortex®-M7:
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B Nested Vectored Interrupt Controller (NVIC)
B Flash Patch and Breakpoint (FPB)
B Data Watchpoint and Trace (DWT)
B Instrumentation Trace Macrocell (ITM)
B Embedded Trace Macrocell (ETM)
®m  JTAG or SWD Debug Port
B Trace Port Interface Unit (TPIU)
B Memory Protection Unit (MPU)
B Floating Point Unit (FPU), double-precision
B Load Store Unit (LSU)
B Data Processing Unit (DPU)
m  Prefetch Unit (PFU)
Figure 1-1. The structure of the Cortex®-M7 processor shows the Cortex®-M7
processor block diagram. For more information, refer to the Arm® Cortex®-M7 Technical
Reference Manual.
Figure 1-1. The structure of the Cortex®-M7 processor
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1.2. System architecture

An interconnect matrix includes an AXI bus matrix and two AHB bus matrices, which enables
parallel access paths between multiple masters and slaves in the system. The interconnection
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relationship of the interconnect matrix is shown in Table 1-1. The interconnection

relationship of the interconnect matrix. In the following table, “1” indicates the
corresponding master is able to access the corresponding slave through the interconnect
matrix, while the blank means the corresponding master cannot access the corresponding
slave through the interconnect matrix.

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

Master
interface§ > 3 %;%?%%Eﬁ%%%ﬁ%%;‘ﬁ@%éé
Stave =|%8|2|2|*585(25|38|22|32> |7 (2|2|0 /5|5
interface
ITCM 1 1
DTCM 1 1
FMC 1 1 1 1 1 1 1(1|1]1)1|1|1
AXI SRAM 1 1 1 1 1 1 1/1|1]1)1|1|1
RAM shared
(ITCM/DTCM/AXI) ! ! ! ! ! ! e
SRAMO 1 1 1 1 1 1 1 11111
SRAM1 1 1 1 1 1 1 1 11111
Backup RAM 1 1 1 1 1 1 1 1
AHB1 11 1 1 1 1 1 1 1
AHB2 1 1 1 1 1 1
AHB3 1 1
AHB4 1 1 1 1 1 1 1 1
APB1 1 1 1 1 1 1
APB2 1 1 1 1 1 1
APB3 1 1
APB4 1 1 1 1 1 1 1 1
EXMC 1 1 1 1 1 1 11111 |1]|1
OSPI 1 1 1 1 1 1 11111 |1]|1

The system architecture of GD32H7xx devices is shown in Figure 1-2. The system

architecture of GD32H7xx devices, and the work frequency is related to the voltage of

power supply, please refer to the datasheet.
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Figure 1-2. The system architecture of GD32H7xx devices
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1.2.1. Bus matrix Region 0
The 64-bit AXI bus matrix Region 0 is shown in Eigure 1-3. Bus matrix Region 0.
Figure 1-3. Bus matrix Region 0
64-bit AXI bus matrix
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1.2.2. Bus matrix Region 1

The 32-bit AHB bus matrix Region 1 is shown in Figure 1-4. Bus matrix Region 1.
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Figure 1-4. Bus matrix Region 1

Ethernet Ethernet 32-bit AHB bus matrix
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1.2.3. Bus matrix Region 2

The 32-bit AHB bus matrix Region 2 is shown in Figure 1-5. Bus matrix Region 2.

Figure 1-5. Bus matrix Region 2
32-bit AHB bus matrix
Region 2

——————————— bl
|

: £=3 AHB Master interface
ICO  APB Master interface :
L— Slave interface I

Region 0 to Region 2

Region 1 to Region 2

As is shown above, there are 3 Regions of bus matrix, including 1-Cache, D-Cache, TCM,
MDMA, DMAO, DMAL, IPA, TLI, SDIOO, SDIO1, ENET, USBHS0 and USBHS1. The AXI bus
matrix in Region 0 and AHB bus matrix in Region 1 and Region 2 provide guarantee and
arbitration for concurrent access from multiple masters to multiple slaves. Arbitration adopts
round-robin scheduling algorithm with QoS function in Region 0 and round-robin scheduling
algorithm in Region 1 and Region 2. The ITCM and DTCM are directly connected to the
Cortex®-M7 core through TCM buses and the accesses of ITCM and DTCM are zero-wait
states. ENET is the Ethernet. TLI is the TFT LCD interface. USBHS is the high-speed USB.
And IPA is the image processing accelerator.
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1.3.

Memory map

The Arm® Cortex®-M7 processor is structured in Harvard architecture which can use separate
buses to fetch instructions and load/store data. Table 1-2. Memory map of GD32H7xx
devices shows the memory map of the GD32H7xx 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 GD32H7xx devices

Pre-defined .
. Bus Address Peripherals
Regions
0xD000 0000 - OXDFFF FFFF EXMC - SDRAM device 1
EXMC - SDRAM device 0
0xC000 0000 - OXCFFF FFFF )
(EXMC Bank 0 Region 0-3)
0xA000 1000 - 0xBFFF FFFF Reserved
External
RAM 0xA000 0000 - 0OXA000 OFFF Reserved
0x9000 0000 - OX9FFF FFFF OSPIO
0x8000 0000 - OX8FFF FFFF EXMC - NAND
0x7000 0000 - OX7FFF FFFF OSPI1
0x6000 0000 - Ox6FFF FFFF EXMC - NOR/PSRAM/SRAM
0x5802 7000 - OX5FFF FFFF Reserved
0x5802 6400 - 0x5802 67FF HWSEM
0x5802 6000 - 0x5802 63FF Reserved
0x5802 5000 - 0x5802 5FFF Reserved
0x5802 4CO00 - 0x5802 4FFF CRC
0x5802 4800 - 0x5802 4BFF Reserved
0x5802 4400 - 0x5802 47FF RCU
0x5802 2C00 - 0x5802 43FF Reserved
0x5802 2800 - 0x5802 2BFF GPIOK
0x5802 2400 - 0x5802 27FF GPIOJ
AHB4
0x5802 2000 - 0x5802 23FF Reserved
Peripheral
0x5802 1CO00 - 0x5802 1FFF GPIOH
0x5802 1800 - 0x5802 1BFF GPIOG
0x5802 1400 - 0x5802 17FF GPIOF
0x5802 1000 - 0x5802 13FF GPIOE
0x5802 0CO00 - 0x5802 OFFF GPIOD
0x5802 0800 - 0x5802 OBFF GPIOC
0x5802 0400 - 0x5802 07FF GPIOB
0x5802 0000 - 0x5802 03FF GPIOA
0x5801 0000 - 0x5801 FFFF Reserved
APBA 0x5800 7400 - 0x5800 FFFF Reserved
0x5800 7000 - 0x5800 73FF Reserved
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Pre-defined

Regions

Bus Address Peripherals
0x5800 6C00 - 0x5800 6FFF Reserved
0x5800 6800 - 0x5800 6BFF LPDTS
0x5800 5800 - 0x5800 67FF PMU
0x5800 5400 - 0x5800 57FF Reserved
0x5800 4C00 - 0x5800 53FF Reserved
0x5800 4800 - 0x5800 4BFF FWDGT
0x5800 4000 - 0x5800 43FF RTC
0x5800 3CO00 - 0x5800 3FFF VREF
0x5800 3800 - 0x5800 3BFF CMPO - CMP1
0x5800 3400 - 0x5800 37FF Reserved
0x5800 3000 - 0x5800 33FF Reserved
0x5800 2C00 - 0x5800 2FFF Reserved
0x5800 2800 - 0x5800 2BFF Reserved
0x5800 2400 - 0x5800 27FF Reserved
0x5800 2000 - 0x5800 23FF Reserved
0x5800 1CO00 - 0x5800 1FFF Reserved
0x5800 1400 - 0x5800 17FF Reserved
0x5800 0800 - 0x5800 13FF Reserved
0x5800 0400 - 0x5800 07FF SYSCFG
0x5800 0000 - 0x5800 03FF EXTI
0x5200 C000 - Ox57FF FFFF Reserved
0x5200 BCOO - 0x5200 BFFF RTDEC1
0x5200 B800 - 0x5200 BBFF RTDECO
0x5200 B400 - 0x5200 B7FF OSPIM
0x5200 B0OO - 0x5200 B3FF Reserved
0x5200 A000 - 0x5200 AFFF OSPI1
0x5200 9400 - 0x5200 9FFF Reserved
0x5200 9000 - 0x5200 93FF RAMECCMU Region 0
0x5200 8000 - 0x5200 8FFF CPDM(SDIOO)
0x5200 7000 - 0x5200 7FFF SDIO0

ARBS 0x5200 6000 - 0x5200 6FFF Reserved
0x5200 5000 - 0x5200 5FFF OSPIO
0x5200 4000 - 0x5200 4FFF EXMC
0x5200 3400 - 0x5200 3FFF Reserved
0x5200 3000 - 0x5200 33FF Reserved
0x5200 2000 - 0x5200 2FFF Flash memory interface
0x5200 1000 - 0x5200 1FFF IPA
0x5200 0000 - 0x5200 OFFF MDMA
0x5110 0000 - Ox51FF FFFF Reserved
0x5100 0000 - 0x510F FFFF AXI interconnect matrix
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Pre-defined
Regions

Bus Address Peripherals
0x5006 1000 - 0x50FF FFFF Reserved
0x5006 0C00 - 0x5006 OFFF Reserved
0x5006 0800 - 0x5006 OBFF Reserved
0x5006 0400 - 0x5006 07FF Reserved
0x5006 0000 - 0x5006 03FF Reserved
0x5005 0400 - 0x5005 FFFF Reserved

APB3 0x5005 0000 - 0x5005 03FF Reserved
0x5004 0000 - 0x5004 FFFF Reserved
0x5000 0000 - 0x5003 FFFF Reserved
0x5000 3000 - 0x5000 3FFF WWDGT
0x5000 2000 - 0x5000 2FFF Reserved
0x5000 1000 - 0x5000 1FFF TLI
0x5000 0000 - 0x5000 OFFF Reserved
0x4802 5000 - 0x4FFF FFFF Reserved(AHB2)
0x4802 4800 - 0x4802 4FFF FAC
0x4802 4400 - 0x4802 47FF TMU
0x4802 4000 - 0x4802 43FF Reserved
0x4802 3000 - 0x4802 3FFF RAMECCMU Region 1
0x4802 2C00 - 0x4802 2FFF Reserved(AHB2)
0x4802 2800 - 0x4802 2BFF CPDM(SDIO1)
0x4802 2400 - 0x4802 27FF SDIO1
0x4802 1C00 - 0x4802 23FF Reserved(AHB2)
0x4802 1800 - 0x4802 1BFF TRNG

AHB2 0x4802 1400 - 0x4802 17FF HAU
0x4802 1000 - 0x4802 13FF CAU
0x4802 0400 - 0x4802 OFFF Reserved(AHB2)
0x4802 0000 - 0x4802 03FF DCI
0x4800 1800 - 0x4801 FFFF Reserved(AHB2)
0x4800 1400 - 0x4800 17FF Reserved
0x4800 1000 - 0x4800 13FF Reserved
0x4800 0C00 - 0x4800 OFFF Reserved
0x4800 0800 - 0x4800 OBFF Reserved
0x4800 0400 - 0x4800 07FF Reserved
0x4800 0000 - 0x4800 03FF Reserved
0x400C 0000 - 0x47FF FFFF Reserved(AHB1)
0x4008 0000 - 0x400B FFFF USBHS1
0x4004 0000 - 0x4007 FFFF USBHSO0

ARBL 0x4003 8C00 - 0x4003 FFFF Reserved
0x4003 8400 - 0x4003 8BFF Reserved
0x4003 8000 - 0x4003 83FF Reserved
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Pre-defined

Regions

Bus Address Peripherals
0x4003 3000 - 0x4003 7FFF Reserved
0x4003 0000 - 0x4003 2FFF Reserved
0x4002 C000 - 0x4002 FFFF Reserved
0x4002 BCOO - 0x4002 BFFF
0x4002 BOOO - 0x4002 BBFF ENET1
0x4002 A000 - 0x4002 AFFF
0x4002 8000 - 0x4002 9FFF ENETO
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
0x4002 3C00 - 0x4002 3FFF Reserved
0x4002 3800 - 0x4002 3BFF Reserved
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF Reserved
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF EFUSE
0x4002 2400 - 0x4002 27FF Reserved
0x4002 2000 - 0x4002 23FF Reserved
0x4002 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF Reserved
0x4002 0CO00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF DMAMUX
0x4002 0400 - 0x4002 07FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 F400 - 0x4001 FFFF Reserved
0x4001 FOO0O - 0x4001 F3FF TIMER44
0x4001 DCOO - 0x4001 DFFF TIMER43
0x4001 D800 - 0x4001 DBFF TIMER42
0x4001 D400 - 0x4001 D7FF TIMER41
0x4001 D000 - 0x4001 D3FF TIMER40

APB2 0x4001 C000 - 0x4001 CFFF CAN2(4KB)
0x4001 B0OO - 0x4001 BFFF CAN1(4KB)
0x4001 A00O - 0x4001 AFFF CANO(4KB)
0x4001 8C00 - 0x4001 9FFF Reserved
0x4001 8800 - 0x4001 8BFF EDOUT
0x4001 8400 - 0x4001 87FF TRIGSEL
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Pre-defined

Regions

Bus Address Peripherals
0x4001 8000 - 0x4001 83FF Reserved(APB2)
0x4001 7C00 - 0x4001 7FFF Reserved
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF Reserved
0x4001 7000 - 0x4001 73FF HPDF
0x4001 6C00 - 0x4001 6FFF Reserved
0x4001 6800 - 0x4001 6BFF Reserved
0x4001 6400 - 0x4001 67FF Reserved
0x4001 6000 - 0x4001 63FF SAI2
0x4001 5C00 - 0x4001 5FFF SAI1
0x4001 5800 - 0x4001 5BFF SAIO
0x4001 5400 - 0x4001 57FF Reserved
0x4001 5000 - 0x4001 53FF SPI14
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF TIMER16
0x4001 4400 - 0x4001 47FF TIMER15
0x4001 4000 - 0x4001 43FF TIMER14
0x4001 3C00 - 0x4001 3FFF Reserved
0x4001 3800 - 0x4001 3BFF SPI5/12S5
0x4001 3400 - 0x4001 37FF SPI3
0x4001 3000 - 0x4001 33FF SPI10/12S0
0x4001 2C00 - 0x4001 2FFF ADC2
0x4001 2800 - 0x4001 2BFF ADCA1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF Reserved
0x4001 1C00 - 0x4001 1FFF Reserved
0x4001 1800 - 0x4001 1BFF Reserved
0x4001 1400 - 0x4001 17FF USART5
0x4001 1000 - 0x4001 13FF USARTO
0x4001 0C00 - 0x4001 OFFF Reserved
0x4001 0800 - 0x4001 OBFF Reserved
0x4001 0400 - 0x4001 O7FF TIMER7
0x4001 0000 - 0x4001 03FF TIMERO
0x4000 F800 - 0x4000 FFFF Reserved
0x4000 F400 - 0x4000 F7FF TIMERS51
0x4000 FOO0O - 0x4000 F3FF TIMER50

APB1 0x4000 ECO00 - 0x4000 EFFF TIMER31
0x4000 E800 - 0x4000 EBFF TIMER30
0x4000 E400 - 0x4000 E7FF TIMER23
0x4000 EO0O - 0x4000 E3FF TIMER22
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Pre-defined

Regions

Bus

Address Peripherals
0x4000 DCOO0 - 0x4000 DFFF Reserved
0x4000 D800 - 0x4000 DBFF Reserved
0x4000 D400 - 0x4000 D7FF Reserved
0x4000 D000 - 0x4000 D3FF Reserved
0x4000 CCOO0 - 0x4000 CFFF Reserved
0x4000 C800 - 0x4000 CBFF Reserved
0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF 12C2
0x4000 9800 - 0x4000 BFFF Reserved
0x4000 9400 - 0x4000 97FF MDIO
0x4000 8800 - 0x4000 93FF Reserved
0x4000 8400 - 0x4000 87FF CTC
0x4000 8000 - 0x4000 83FF Reserved
0x4000 7C00 - 0x4000 7FFF UART7
0x4000 7800 - 0x4000 7BFF UART6
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF Reserved
0x4000 6C00 - 0x4000 6FFF Reserved
0x4000 6800 - 0x4000 6BFF Reserved
0x4000 6400 - 0x4000 67FF Reserved
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF 12C3
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 RSPDIF
0x4000 3C00 - 0x4000 3FFF SPI2/12S2
0x4000 3800 - 0x4000 3BFF SPI11/1281
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF Reserved
0x4000 2C00 - 0x4000 2FFF Reserved
0x4000 2800 - 0x4000 2BFF Reserved
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF Reserved
0x4000 1C00 - 0x4000 1FFF Reserved
0x4000 1800 - 0x4000 1BFF Reserved
0x4000 1400 - 0x4000 17FF TIMERG6
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Pre-defined .

Regions Bus Address Peripherals
0x4000 1000 - 0x4000 13FF TIMER5S
0x4000 0C00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x3880 1000 - Ox3FFF FFFF Reserved
0x3880 0000 - 0x3880 OFFF Backup SRAM
0x3000 8000 - 0x387F FFFF Reserved
0x3000 4000 - 0x3000 7FFF SRAM1(16KB)
0x3000 0000 - 0x3000 3FFF SRAMO(16KB)
0x2410 0000 - 0x2FFF FFFF Reserved
0x2408 0000 - 0x240F FFFF RAM(512KB) shared

(ITCM/DTCM/AXI)
0x2400 0000 - 0x2407 FFFF AXI SRAM(512KB)
0x2008 0000 - 0x23FF FFFF Reserved

0x2007 0000 - 0x2007 FFFF
0x2006 0000 - 0x2006 FFFF

SRAM 0x2003 0000 - 0x2005 FFFF
0x2002 0000 - 0x2002 FFFF
0x2001 C000 - 0x2001 FFFF
0x2001 8000 - 0x2001 BFFF
0x2001 0000 - 0x2001 7FFF
DTCM RAM(from RAM shared)
0x2000 D000 - 0x2000 FFFF
0x2000 C000 - 0x2000 CFFF
0x2000 8000 - 0x2000 BFFF
0x2000 5000 - 0x2000 7FFF
0x2000 2000 - 0x2000 4FFF
0x2000 1000 - 0x2000 1FFF
0x2000 0000 - 0x2000 OFFF
Ox1FFF FC10 - Ox1FFF FFFF Reserved
0x1FFF FCOO0 - Ox1FFF FCOF Reserved
Ox1FFF F818 - Ox1FFF BFFF Reserved
Ox1FFF F800 - Ox1FFF F817 Reserved
Ox1FFF FOOO - Ox1FFF F7FF Reserved
Code 0x1FFF ECOO0 - Ox1FFF EFFF Reserved
0x1FFF C010 - Ox1FFF EBFF Reserved
0x1FFF C000 - Ox1FFF COOF Reserved
O0x1FFF B0OOO - Ox1FFF BFFF Reserved
Ox1FFF 8000 - Ox1FFF AFFF Reserved
Ox1FFF 7A10 - Ox1FFF 7FFF Reserved
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Pre-defined

Regions

Bus

Address Peripherals
Ox1FFF 7800 - Ox1FFF 7AQF Reserved
Ox1FFF 7400 - Ox1FFF 77FF Reserved
Ox1FFF 7000 - 0x1FFF 73FF Reserved
O0x1FFF 0000 - Ox1FFF 6FFF Reserved
0x1FFE C010 - Ox1FFE FFFF Reserved
0x1FFE C000 - Ox1FFE COOF Reserved
0x1FF6 0000 - 0Ox1FFE BFFF Reserved
0x1FF4 0000 - 0x1FF5 FFFF Reserved
0x1FF1 0000 - 0x1FF3 FFFF Reserved

0x1FFO0 0000 - Ox1FFO FFFF

System Memory

0x1002 0000 - Ox1FEF FFFF Reserved
0x1001 0000 - 0x1001 FFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x0A00 D0OO0O - OXOFFF FFFF Reserved
0x0A00 C000 - 0x0A00 CFFF Reserved
0x0A00 8000 - 0x0A00 BFFF Reserved
0x0A00 0000 - 0x0AQ0 7FFF Reserved
0x08CO0 1000 - 0x09FF FFFF Reserved
0x08C0 0000 - 0x08C0 OFFF Reserved
0x0881 0000 - 0x08BF FFFF Reserved
0x0880 0000 - 0x0880 FFFF Reserved
0x0840 0000 - 0x087F FFFF Reserved
0x083C 0000 - 0x083F FFFF Reserved

0x0830 0000 - 0x083B FFFF

0x0810 0000 - 0x082F FFFF

0x0808 0000 - 0x080F FFFF

0x0806 0000 - 0x0807 FFFF

0x0802 0000 - 0x0805 FFFF

0x0801 0000 - 0x0801 FFFF

0x0800 0000 - 0x0800 FFFF

Flash memory

0x0030 0000 - Ox07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF Reserved
0x0008 0000 - 0xO00F FFFF Reserved

0x0002 6000 - 0x0007 FFFF

0x0002 0000 - 0x0002 5FFF

0x0001 0000 - 0x0001 FFFF

0x0000 0000 - 0x0000 FFFF

ITCM RAM(from RAM shared)
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1.3.1.

On-chip SRAM memory

The devices of GD32H7xx series contain up to 512KB of on-chip SRAM (AXI SRAM), 4KB of
backup SRAM and up to 512KB RAM shared by ITCM/DTCM/AXI SRAM. All of AHB SRAM
support byte, half-word (16 bits), and word (32 bits) accesses. The on-chip SRAM (AXI SRAM)
support byte, half-word (16 bits), word (32 bits) and double words (64 bits) accesses. SRAMO
and SRAML1 can be accessed by almost all AHB masters. The backup SRAM (BKPSRAM) is
implemented in the backup domain, which can keep its content even when the Vpp power
supply is down.

ITCM/DTCM SRAM access frequency

If TCM_WAITSTATE in SYSCFG_SRAMCFG1 register is set to 0, the corresponding TCM
SRAM can be accessed below a maximum frequency of fww which can be referred to the
datasheet. TCM_WAITSTATE is set to 0 after system reset.

ITCM/DTCM SRAM ECC function

The TCM ECC function (ITCMECCEN / DTCMOECCEN / DTCM1ECCEN) can be enabled to
increase the robustness.

AXI SRAM

The on-chip SRAM (AXI SRAM) controller is consisted of read and write control module, MUX,
decoder and SRAM controllers. There is an arbiter with round-robin scheme for each SRAM
controller. The block digram is shown in Figure 1-6. Block digram of AXI SRAM controller.

Figure 1-6. Block digram of AXI SRAM controller
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512KB of RAM can be used by ITCM or DTCM or AXlI SRAM, which can be configured
through ITCM_SZ SHRRAM and DTCM_SZ SHRRAM bits in option byte status register 1
register, as described in Table 1-3. Configuration of ITCM/DTCM/AXI SRAM. And the block
digram is shown in Figure 1-7. Block digram of RAM shared by ITCM/DTCM/AXI SRAM.

Figure 1-7. Block digram of RAM shared by ITCM/DTCM/AXI SRAM
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Controller |CPU clock

The total capacity of ITCM, DTCM, and AXI SRAM is 512KB, of which ITCM configuration
takes priority, DTCM configuration takes the second place, and the rest is the shared SRAM.

Table 1-3. Configuration of ITCM/DTCM/AXI SRAM

ITCM DTCM |AXI SRAM
ITCM_SZ_SHRRAM[3:0] | DTCM_SZ_SHRRAM][3:0] : i :
size(KB) | size(KB) | size(KB)

0000 0000 0 0 512
0000 0111 0 64 448
0000 1000 0 128 384
0000 1001 0 256 256
0000 1010 0 512 0

0111 0000 64 0 448
0111 0111 64 64 384
0111 1000 64 128 320
0111 1001 64 256 192
1000 0000 128 0 384
1000 0111 128 64 320
1000 1000 128 128 256
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1000 1001 128 256 128
1001 0000 256 0 256
1001 0111 256 64 192
1001 1000 256 128 128
1001 1001 256 256 0
1010 0000 512 0 0

1.3.2. On-chip flash memory overview

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

B Up to 3840KB of main flash memory
B Up to 64KB of information blocks for the boot loader
B Option bytes to configure the device

Refer to Flash Memory Controller (FMC) Chapter for more details.

1.4. Boot configuration

The GD32H7xx devices provide different boot sources which can be selected by the BOOT
pin and BOOT_ADDRO0/1[15:0] in Boot address for Arm® Cortex®-M7 core register
(FMC_BTADDR_MDF). The details are shown in Table 1-4. Boot mode selection and Table
1-5. Details of Boot mode.

The value on the BOOT pin is latched on the 4th rising edge of CK_SYS after a reset. It is up
to the user to set the BOOT pin after a power-on reset or a system reset to select the required
boot source. Once the BOOT pin has been sampled, it is free and can be used for other
purposes. The BOOT_ADDRO[15:0] and BOOT_ADDR1[15:0] address allows to configure
the boot memory address to any address from 0x0000 0000 to 0x9000 0000. The boot mode
can be obtained from the BOOT_MODE[2:0] bits in the SYSCFG_USERCFG register.

Table 1-4. Boot mode selection

Boot mode selection pin
Boot source address
BOOT
MSB of the boot address: defined by BOOT_ADDRO[15:0] 0
LSB of the boot address: 0x0000
MSB of the boot address: defined by BOOT_ADDR1[15:0] 1
LSB of the boot address: 0x0000
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Table 1-5. Details of Boot mode
BOOT_ADDRESS
SCR | SPC[7:0] (configured in BOOT_MODE Boot from
BOOT_ADDRXx(x = 0,1))
1 X XXXX SECURITY BOOT ROM
0x9000_0000 USER BOOT OSPIO
] 0x7000_0000 USER BOOT OSPI1
Protection
) 0x0800_0000~max user
level high USER BOOT BOOT_ADDRESS
flash
other USER BOOT 0x0800_0000
0x9000_0000 USER BOOT OSPIO
0x7000_0000 USER BOOT OSPI1
0x2408_0000~ max RAM SRAM BOOT(RAM
BOOT_ADDRESS
shared(ITCM/DTCM/AXI) shared)
0x2400_0000~ max AXI SRAM BOOT(AXI
0 BOOT_ADDRESS
No SRAM SRAM)
protection 0x2000_0000 SRAM BOOT(DTCM) 0x2000_0000
/ 0x0800_0000~max user
_ USER BOOT BOOT_ADDRESS
Protection flash
level low 0x0000_0000 SRAM BOOT(ITCM) 0x0000_0000
Ox1FFO0_0000 SYSTEM BOOT BootLoader
0x0800_0000(BOOT Pin
USER BOOT _0)
Other —
BootLoader(BOOT Pin =
SYSTEM BOOT
1)
The embedded bootloader supports multi interfaces to update the Flash memory. There will
be USART ports, USBHS ports, SDIO ports can be used on GD32H7xx line products. The
details are shown in the datasheet.
1.5. System configuration controller (SYSCFG)

The system configuration controller main functions are the following:

Analog switch configuration management

I2C Fm+ configuration

Selection of the Ethernet PHY interface.

Management of the external interrupt line connection to the GP10s
Management of the I/O compensation cell

Management BOR reset level

Management timer break input lock.
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1.6.

1.7.

1.7.1.

1.7.2.

Timer break input lock

When internal SRAM/FMC ECC error, LVD or CPU core lockup occurs, this function allows
to disable TIMER output. Refer to Lockup control register (SYSCFG LKCTL) for details.

AXIl interconnect matrix (AXIIM)

The AXl interconnect is based on the Arm® CoreLink™ NIC-400 Network Interconnect. It has
6 initiator ports or ASIBs (AMBA slave interface blocks), and 8 target ports or AMIBs (AMBA
master interface blocks).

Characteristics

The main functions of AXI interconnect matrix are the following:

B 64-bit AXI bus switch matrix with 6 ASIBs and 8 AMIBs
m Distributed Global Programmers View (GPV)
B Programmable Quality of Service (Qo0S)

Function overview

The block diagram of AXI interconnect matrix is shown in Eigure 1-8. Block diagram of AXI

interconnect matrix.

Figure 1-8. Block diagram of AXI interconnect matrix

AHB CPU

] =3 AXI Master interface !
Region 1 || Cortex-M7 !

I
I
| 22 AHB Master interface |
I
i

= Slave interface

ASIB | INIO INI'L INI' 2 INI'3 INI'4

AXI-AHB bridge

TARG 0 B Region 2
[
TARG 1 o AXI-AHB bridge
Region 1
[
TARG 2 K —m—> EMC
GPV AXI interconnect [
matrix AMIB | TARG 3 : 0SPIL
TARG 4 [ EXMC
TARG 5 75 OSPIO
|
TARG 6 7y AXI SRAM
]
— RAM(ITCM/
el DTCMI/AXI

77



e

GigaDevice

GD32H737/757/759 User Manual

The configurations of ASIB and AMIB are shown in Table 1-6. Configuration of ASIBs and
Table 1-7. Configuration of AMIBS.

Table 1-6. Configuration

of ASIBs

ASIB Protocol Bus width Read issuing | Write issuing Master interface
INI O AHB-lite 32 1 1 AHB Region 1
INI'1 AXl14 64 7 32 CPU Cortex-M7
INI 2 AHB-lite 32 1 1 SDIOO
INI'3 AXl4 64 4 1 MDMA
INI 4 AXl4 64 3 1 IPA
INI'S AXl4 64 1 1 TLI
Table 1-7. Configuration of AMIBs
AMIB Protocol Bus Read write Total Slave interface
width | acceptance | acceptance | acceptance
TARG 0 AXl4 32 1 1 1 AHB3 Peripherals
and Region 2
TARG 1 AXl4 32 1 1 1 Region 1
TARG 2 AXl4 64 3 2 5 FMC
TARG 3 AXl4 64 2 1 3 OSPI1
TARG 4 AXl4 64 3 3 6 EXMC
TARG 5 AXl4 64 2 1 3 OSPIO
TARG 6 AXl4 64 2 2 2 AXI SRAM
RAM shared
TARG 7 AXl4 64 2 2 2 (ITCM/DTCM/AXI
SRAM)

Quality of Service (QoS)

Using QoS provides configurable QoS options for ASIB and AMIB, regulation of read and

write requests and programmable QoS facilities for attached AMBA masters. The AXI

interconnect matrix uses priority based arbitration when different ASIBs try to access a AMIB.

The ASIB has configurable read and write channel priority. The priority range is 0x0 ~ OxF

and 0 is the lowest priority. Refer to register AXI Slave Port x read QOS control register
(AXlI SPx RDQOS CTL) and AXI

Slave Port

X __write  QOS control

register

(AXlI_SPx WRQOS CTL) for details. Least recently used (LRU) priority scheme is used

when the priorities of different ASIBs are the same.

Global Programmers View (GPV)

Global Programmers View (GPV) for the entire interconnect that is configurable so that any

master, or a discrete configuration slave interface, can access it. For more information, see
the Arm® CoreLink™ Qo0S-400 Network Interconnect Advanced Quality of Service,
Supplement to Arm® CoreLink™ NIC-400 Network Interconnect Technical Reference Manual.
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1.8. System configuration registers
SYSCFG base address: 0x5800 0400
1.8.1. Peripheral mode configuration register (SYSCFG_PMCFG)
Address offset: 0x004
Reset value: 0xOF00 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
PC3SWO | PC2SWO | PA1SWO | PAOSWO |ENETO_P [ENET1_P
Reserved Reserved
N N N N HY_SEL | HY_SEL
w w w w w w
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PB9FMP | PB8FMP | PB7FMP | PB6FMP | [2C3FMP [ I2C2FMP | 12C1FMP | I2COFMP
Reserved
EN EN EN EN EN EN EN EN
w w w w w w w w
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27 PC3SWON PC3 switch open
This bit controls the analog switch between PC3 and PC3_C, which determines the
pads are conneted or separated.
0: Close analog switch
1: Open analog switch (2 pads are separated pads)
26 PC2SWON PC2 switch open
This bit controls the analog switch between PC2 and PC2_C, which determines the
pads are conneted or separated.
0: Close analog switch
1: Open analog switch (2 pads are separated pads)
25 PA1SWON PA1 switch open
This bit controls the analog switch between PA1 and PA1_C, which determines the
pads are conneted or separated.
0: Close analog switch
1: Open analog switch (2 pads are separated pads)
24 PAOSWON PAO switch open
This bit controls the analog switch between PAO and PAO_C, which determines the
pads are conneted or separated.
0: Close analog switch
1: Open analog switch (2 pads are separated pads)
23 ENETO_PHY_SEL EthernetO PHY interface selection
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22

21:8

ENET1_PHY_SEL

Reserved

PBO9FMPEN

PB8FMPEN

PB7FMPEN

PB6FMPEN

I2C3FMPEN

I2C2FMPEN

I2C1FMPEN

I2COFMPEN

This bit selects the Ethernet PHY interface.
0: Mll is selected
1: RMIl is selected

Ethernetl PHY interface selection

This bit selects the Ethernet PHY interface.
0: Mll is selected

1: RMIl is selected

Must be kept at reset value.

12C Fm+ mode on PB9 pin enable

This bit controls 12C Fm+ mode, the speed control of the pin is bypassed.

0: Disable Fm+ mode
1: Enable Fm+ mode

12C Fm+ mode on PB8 pin enable

This bit controls 12C Fm+ mode, the speed control of the pin is bypassed.

0: Disable Fm+ mode
1: Enable Fm+ mode

I12C Fm+ mode on PB7 pin enable

This bit controls 12C Fm+ mode, the speed control of the pin is bypassed.

0: Disable Fm+ mode
1: Enable Fm+ mode

12C Fm+ mode on PB6 pin enable

This bit controls 12C Fm+ mode, the speed control of the pin is bypassed.

0: Disable Fm+ mode
1: Enable Fm+ mode

12C3 Fm+ mode enable
This bit controls 12C3 Fm+ mode.
0: Disable Fm+ mode

1: Enable Fm+ mode

12C2 Fm+ mode enable

This bit controls 12C2 Fm+ mode.
0: Disable Fm+ mode

1: Enable Fm+ mode

12C1 Fm+ mode enable
This bit controls 12C1 Fm+ mode.
0: Disable Fm+ mode

1: Enable Fm+ mode

12C0 Fm+ mode enable
This bit controls 12C0 Fm+ mode.
0: Disable Fm+ mode
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1.8.2.

31

1. Enable Fm+ mode

EXTI sources selection register 0 (SYSCFG_EXTISS0)

Address offset: 0x008

Reset value: 0x0000 0000

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

30 29 28 27 26

25 24 23 22 21 20 19 18 17

16

Reserved

15

14 13 12 11 10

9 8 7 6 5 4 3 2 1

EXTI3_SS[3:0] EXTI2_SS[3:0] EXTI1_SS[3:0] EXTIO_SS[3:0]

Bits

w

w w w

Fields Descriptions

31:16

15:12

11:8

7:4

Reserved Must be kept at reset value.

EXTI3_SS[3:0] EXTI 3 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

PA3 pin
PB3 pin
PC3 pin
PD3 pin
PE3 pin
PF3 pin
PG3 pin
PH3 pin

EXTI2_SS[3:0] EXTI 2 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1010:

PA2 pin
PB2 pin
PC2 pin
PD2 pin
PE2 pin
PF2 pin
PG2 pin
PH2 pin
PK2 pin

EXTI1_SS[3:0] EXTI 1 sources selection

0000:
0001:
0010:
0011:
0100:

PA1 pin
PB1 pin
PC1 pin
PD1 pin
PE1 pin

81



e

GigaDevice

GD32H737/757/759 User Manual

3.0

1.8.3.

31

0101:
0110:
0111:
1010:

EXTIO_SS[3:0]
0000
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1010:

EXTI sources selection register 1 (SYSCFG_EXTISS1)

Ad Address offset: 0x00C

PF1 pin
PG1 pin
PH1 pin
PK1 pin

EXTI 0 sources selection
: PAO pin

PBO pin
PCO pin
PDO pin
PEO pin
PFO pin
PGO pin
PHO pin
PKO pin

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

2 1

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

EXTI4_SS[3:0]

Bits

w

A I\

Fields Descriptions

w

31:16

15:12

11:8

Reserved Must be kept at reset value.

EXTI7_SS[3:0]
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

EXTI6_SS[3:0]
0000:
0001:

EXTI 7 sources selection

PA7 pin
PB7 pin
PC7 pin
PD7 pin
PE7 pin
PF7 pin
PG7 pin
PH7 pin

EXTI 6 sources selection

PAG pin
PB6 pin

82



e

GigaDevice

GD32H737/757/759 User Manual

74

3.0

1.8.4.

31

0010: PC6 pin
0011: PD6 pin
0100: PES6 pin
0101: PF6 pin
0110: PG6 pin
0111: PH6 pin

EXTI5_SS[3:0] EXTI 5 sources selection
0000: PA5 pin
0001: PB5 pin
0010: PC5 pin
0011: PD5 pin
0100: PES5 pin
0101: PF5 pin
0110: PG5 pin
0111: PH5 pin

EXTI4_SS[3:0] EXTI 4 sources selection
0000: PA4 pin
0001: PB4 pin
0010: PC4 pin
0011: PD4 pin
0100: PE4 pin
0101: PF4 pin
0110: PG4 pin
0111: PH4 pin

EXTI sources selection register 2 (SYSCFG_EXTISS2)

Address offset: 0x010
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

w w w w

Fields Descriptions

31:16

15:12

Reserved Must be kept at reset value.

EXTI11_SS[3:0] EXTI 11 sources selection
0000: Reserved
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11:8

7:4

3.0

1.8.5.

0001:
0010:
0011:
0100:
0101:
0110:
0111:
1001:

PB11 pin
PC11 pin
PD11 pin
PE11 pin
PF11 pin
PG11 pin
PH11 pin
PJ11 pin

EXTI10_SS[3:0] EXTI 10 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1001:

PA10 pin
PB10 pin
PC10 pin
PD10 pin
PE10 pin
PF10 pin
PG10 pin
PH10 pin
PJ10 pin

EXTI9_SS[3:0] EXTI 9 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1001:

PA9 pin
PB9 pin
PC9 pin
PD9 pin
PE9 pin
PF9 pin
PG9 pin
PH9 pin
PJ9 pin

EXTI8_SS[3:0] EXTI 8 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1001:

PAS8 pin
PB8 pin
PC8 pin
PD8 pin
PES8 pin
PF8 pin
PG8 pin
PHS8 pin
PJ8 pin

EXTI sources selection register 3 (SYSCFG_EXTISS3)

Address offset: 0x014
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31

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

6

5

2

1

EXTI15_SS[3:0]

EXTI14_SS[3:0]

EXTI13_SS[3:0]

EXTI12_SS[3:0]

Bits

w

Fields

w

Descriptions

31:16

15:12

11:8

74

3.0

Reserved

EXTI15_SS[3:0]

EXTI14_SS[3:0]

EXTI13_SS[3:0]

EXTI12_SS[3:0]

Must be kept at reset value.

EXTI 15 sources selection

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:

PA15 pin
PB15 pin
PC15 pin
PD15 pin
PE15 pin
PF15 pin
PG15 pin
PH15 pin

EXTI 14 sources selection

0000
0001

0010:
0011:
0100:
0101:
0110:
0111:

: PA14 pin
: PB14 pin
PC14 pin
PD14 pin
PE14 pin
PF14 pin
PG14 pin
PH14 pin

EXTI 13 sources selection

0000:
0001:

0010

0011:
0100:
0101:
0110:
0111:

PA13 pin
PB13 pin
: PC13 pin
PD13 pin
PE13 pin
PF13 pin
PG13 pin
PH13 pin

EXTI 12 sources selection

0000: Reserved

0001

: PB12 pin
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0010: PC12 pin
0011: PD12 pin
0100: PE12 pin
0101: PF12 pin
0110: PG12 pin
0111: PH12 pin

1.8.6. Lockup control register (SYSCFG_LKCTL)

Address offset: 0x018
Reset value: 0x0000 0000

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

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

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

AXIRAM_ | ITCM_LO [DTCM_LO|SRAMO_L |SRAM1_L BKPRAM_|CPU_LOC LVD_LOC
Reserved Reserved Reserved
LOCK CK CK OCK OCK LOCK

w w w w w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15 AXIRAM_LOCK Region 0 AXI-SRAM ECC double error lock bit

This bit is set by software and cleared by a system reset.

0: Region 0 AXI-SRAM ECC double error signal is disconnected from the break
input of TIMERO/7/14/15/16

1: Region 0 AXI-SRAM ECC double error signal is connected from the break input
of TIMERO/7/14/15/16

14 ITCM_LOCK Region 0 ITCM-RAM ECC double error lock bit
This bit is set by software and cleared by a system reset.
0: Region 0 ITCM-RAM ECC double error signal is disconnected from the break
input of TIMERO/7/14/15/16
1: Region 0 ITCM-RAM ECC double error signal is connected from the break input
of TIMERO/7/14/15/16

13 DTCM_LOCK Region 0 DTCM ECC double error lock bit
This bit is set by software and cleared by a system reset.
0: Region 0 DTCM ECC double error signal is disconnected from the break input
of TIMEROQ/7/14/15/16
1: Region 0 DTCM ECC double error signal is connected from the break input of
TIMERO/7/14/15/16

12 SRAMO_LOCK Region 1 SRAMO ECC double error lockup bit
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11

10:8

5:3

1:0

1.8.7.

31 30

SRAM1_LOCK

Reserved

BKPRAM_LOCK

CPU_LOCK

Reserved

LVD_LOCK

Reserved

This bit is set by software and cleared by a system reset.

0: Region 1 SRAMO ECC double error signal is disconnected from the break input
of TIMERO/7/14/15/16

1: Region 1 SRAMO ECC double error signal is connected from the break input of
TIMERO/7/14/15/16

Region 1 SRAM1 ECC double error lockup bit

This bit is set by software and cleared by a system reset.

0: Region 1 SRAM1 ECC double error signal is disconnected from the break input
of TIMERO/7/14/15/16

1: Region 1 SRAM1 ECC double error signal is connected from the break input of
TIMERO/7/14/15/16

Must be kept at reset value.

Region 2 backup SRAM ECC double error lockup bit

This bit is set by software and cleared by a system reset.

0: Region 2 backup SRAM ECC double error signal is disconnected from the
break input of TIMERO/7/14/15/16

1: Region 2 backup SRAM ECC double error signal is connected from the break
input of TIMERO/7/14/15/16

CPU lockup bit

This bit is set by software and cleared by a system reset.

0: CPU lockup signal is disconnected from the break input of TIMERO/7/14/15/16
1: CPU lockup signal is connected from the break input of TIMERO/7/14/15/16

Must be kept at reset value.

Low voltage detector lockup bit

This bit is set by software and cleared by a system reset.

0: LVD signal is disconnected from the break input of TIMERO/7/14/15/16
1: LVD signal is connected from the break input of TIMERO/7/14/15/16

Must be kept at reset value.

I/0 compensation control register (SYSCFG_CPSCTL)

Address offset: 0x020
Reset value: 0x00X0 0000

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

29 28 27 26 25 24 23 22 21

20 19

18

16

Reserved 0LV

Reserved

I0SPDOP

13 12 1 10 9 8 7 6 5

4 3

w

0

Reserved CPS_RDY

Reserved

CPS_EN
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r w
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23 IOLV 1/0 in low voltage state

0: Product supply voltage is working higher than 2.5V
1: Product supply voltage is working below 2.5V

22:17 Reserved Must be kept at reset value.

16 IOSPDOP 1/0 speed optimization, High-speed at low-voltage
This bit is written by software to optimize the I/O speed when the product voltage is
low.
It must be used only if the product supply voltage is below 2.5V (IOLV bit is ‘1").
Setting this bit when Voo is higher than 2.5V might be destructive.
0: No I/O speed optimization
1: 1/O speed optimization

15:9 Reserved Must be kept at reset value.

8 CPS_RDY Compensation cell ready flag
This bit provides the status of the compensation cell.
0: I/O compensation cell not ready
1: /0O compensation cell ready

7:1 Reserved Must be kept at reset value.

0 CPS_EN 1/0 compensation cell enable
This bit enables the 1/0 compensation cell.
0: 1/0 compensation cell disabled

1: I/O compensation cell enabled

1.8.8. 110 compensation cell code configuration register

(SYSCFG_CPSCCCFG)

Address offset: 0x028
Reset value: 0x0000 0088

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 PCPSCC[3:0] NCPSCC[3:0]

w w
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Bits Fields Descriptions
318 Reserved Must be kept at reset value.
74 PCPSCCJ3:0] PMOS compensation cell code
These bits define I1/0 compensation cell code for PMOS transistors.
3:0 NCPSCC[3:0] NMOS compensation cell code
These bits define 1/O compensation cell code for NMOS transistors.
1.8.9. Timer input selection register 0 (SYSCFG_TIMERCISELDO0)
Address offset: 0x034
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 16
‘ TIMERO_CI3_SEL[3:0] ‘ TIMERO_CI2_SEL[3:0] ‘ TIMERO_CI1_SEL[3:0] ‘ TIMERO_CIO_SEL[3:0]
w w I\ rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
‘ TIMER7_CI3_SEL[3:0] ‘ TIMER7_CI2_SEL[3:0] ‘ TIMER7_CI1_SEL[3:0] ‘ TIMER7_CIO_SEL[3:0]
w w I\ rw
Bits Fields Descriptions
31:28 TIMERO_CI3_SEL[3: Selects TIMERO_CI3 input selection
0] These bits select the TIMER input source.
0000: TIMERO_CH3 input
Others: Reserved
27:24 TIMERO_CI2_SEL[3: Selects TIMERO_CI2 input selection
0] These bits select the TIMER input source.
0000: TIMERO_CH2 input
Others: Reserved
23:20 TIMERO_CI1_SEL[3: Selects TIMERO_CI1 input selection
0] These bits select the TIMER input source.
0000: TIMERO_CHL1 input
Others: Reserved
19:16 TIMERO_CIO_SEL[3: Selects TIMERO_CIO input selection
0] These bits select the TIMER input source.
0000: TIMERO_CHO input
0001: CMPO output
Others: Reserved
15:12 TIMER7_CI3_SEL[3: Selects TIMER7_CI3 input selection
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Others: Reserved
11:8 TIMER7_CI2_SEL[3: Selects TIMER7_CI2 input selection
0] These bits select the TIMER input source.
0000: TIMER7_CH2 input
Others: Reserved
74 TIMER7_CI1_SEL[3: Selects TIMER7_CI1 input selection
0] These bits select the TIMER input source.
0000: TIMER7_CHL1 input
Others: Reserved
3.0 TIMER7_CIO_SEL[3: Selects TIMER7_CIO input selection

0] These bits select the TIMER input source.
0000: TIMER7_CHO input
0001: CMP1 output
Others: Reserved

1.8.10. Timer input selection register 1 (SYSCFG_TIMERCISEL1)

Address offset: 0x038
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
TIMER1_CI3_SEL[3:0] | TIMER1_CI2_SEL[3:0] ‘ TIMER1_CI1_SEL[3:0] ‘ TIMER1_CIO_SEL[3:0]
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIMER2_CI3_SEL[3:0] I TIMER2_CI2_SEL[3:0] ‘ TIMER2_CI1_SEL[3:0] ‘ TIMER2_CIO_SEL([3:0]
w w w w
Bits Fields Descriptions
31:28 TIMER1_CI3_SEL[3: TIMER1_CI3 input selection
0] These bits select the TIMER input source.
0000: TIMER1_CH3 input
0001: CMPO output
0010: CMP1 output
0011: CMPO output or CMP1 output
Others: Reserved
27:24 TIMER1_CI2_SEL[3: TIMER1_CI2 input selection
0] These bits select the TIMER input source.
0000: TIMER1_CH2 input
Others: Reserved
23:20 TIMER1_CI1_SEL[3: TIMER1_CI1 input selection
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0] These bits select the TIMER input source.
0000: TIMER1_CH1 input

Others: Reserved

19:16 TIMER1_CIO_SEL[3: TIMER1_CIO input selection
0] These bits select the TIMER input source.
0000: TIMER1_CHO input
Others: Reserved

15:12 TIMER2_CI3_SEL[3: TIMER2_CI3 input selection
0] These bits select the TIMER input source.
0000: TIMER2_CH3 input
Others: Reserved

11:8 TIMER2_CI2_SEL[3: TIMER2_CI2 input selection
0] These bits select the TIMER input source.
0000: TIMER2_CH2 input
Others: Reserved

74 TIMER2_CI1_SEL[3: TIMER2_CI1 input selection
0] These bits select the TIMER input source.
0000: TIMER2_CH1 input
Others: Reserved

3.0 TIMER2_CIO_SEL[3: TIMER2_CIO input selection
0] These bits select the TIMER input source.
0000: TIMER2_CHO input
0001: CMPO output
0010: CMP1 output
0011: CMPO output or CMP1 output

Others: Reserved

1.8.11. Timer input selection register 2 (SYSCFG_TIMERCISEL2)

Address offset: 0x03C
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
‘ TIMER3_CI3_SEL[3:0] ‘ TIMER3_CI2_SEL[3:0] ‘ TIMER3_CI1_SEL[3:0] ’ TIMER3_CIO_SEL[3:0]
w w w 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ TIMER4_CI3_SEL[3:0] ‘ TIMER4_CI2_SEL[3:0] ‘ TIMER4_CI1_SEL[3:0] ‘ TIMER4_CIO_SEL[3:0]
w w w 2
Bits Fields Descriptions
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31:28

27:24

23:20

19:16

15:12

11:8

7:4

3.0

1.8.12.

31 30

TIMER3_CI3_SEL[3:

0]

TIMER3_CI2_SEL[3:

0]

TIMER3_CI1_SEL[3:

0]

TIMER3_CIO_SEL[3:

0]

TIMER4_CI3_SEL[3:

0]

TIMER4_CI2_SEL[3:

0]

TIMER4_CI1_SEL[3:

0]

TIMER4_CIO_SEL[3:

0]

Timer input selection register 3 (SYSCFG_TIMERCISELS3)

TIMER3_CI3 input selection

These bits select the TIMER input source.

0000: TIMER3_CH3 input

Others: Reserved

TIMER3_CI2 input selection

These bits select the TIMER input source.

0000: TIMER3_CH2 input
Others: Reserved

TIMER3_CI1 input selection

These bits select the TIMER input source.

0000: TIMER3_CH1 input
Others: Reserved

TIMER3_CIO input selection

These bits select the TIMER input source.

0000: TIMER3_CHO input
Others: Reserved

TIMER4_CI3 input selection

These bits select the TIMER input source.

0000: TIMER4_CH3 input
Others: Reserved

TIMERA4_CI2 input selection

These bits select the TIMER input source.

0000: TIMER4_CH2 input

Others: Reserved

TIMER4_CI1 input selection

These bits select the TIMER input source.

0000: TIMER4_CH1 input
Others: Reserved

TIMERA4_CIO input selection

These bits select the TIMER input source.

0000: TIMER4_CHO input

Others: Reserved

Address offset: 0x040
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
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‘ TIMER22_CI3_SEL([3:0] TIMER22_CI2_SEL([3:0] ‘ TIMER22_CI1_SEL([3:0] ‘ TIMER22_CIO_SEL[3:0]
w w w w
15 14 11 10 9 8 7 6 5 3 2 1 0
‘ TIMER23_CI3_SEL([3:0] TIMER23_CI2_SEL([3:0] ‘ TIMER23_CI1_SEL[3:0] ‘ TIMER23_CIO_SEL[3:0]
w w w w
Bits Fields Descriptions
31:28 TIMER22_CI3_SEL[3 TIMER22_CI3 input selection
:0] These bits select the TIMER input source.
0000: TIMER22_CH3 input
0001: CMPO output
0010: CMP1 output
0011: CMPO output or CMP1 output
Others: Reserved
27:24 TIMER22_CI2_SEL[3 TIMER22_CI2 input selection
:0] These bits select the TIMER input source.
0000: TIMER22_CH2 input
Others: Reserved
23:20 TIMER22_CI1_SEL[3 TIMER22_CI1 input selection
:0] These bits select the TIMER input source.
0000: TIMER22_CH1 input
Others: Reserved
19:16 TIMER22_CI0_SEL[3 TIMER22_CIO input selection
:0] These bits select the TIMER input source.
0000: TIMER22_CHO input
Others: Reserved
15:12 TIMER23_CI3_SEL[3 TIMER23_CI3 input selection
:0] These bits select the TIMER input source.
0000: TIMER23_CH3 input
Others: Reserved
11:8 TIMER23_CI2_SEL[3 TIMER23_CI2 input selection
:0] These bits select the TIMER input source.
0000: TIMER23_CH?2 input
Others: Reserved
74 TIMER23_CI1_SEL[3 TIMER23_CI1 input selection
:0] These bits select the TIMER input source.
0000: TIMER23_CHL1 input
Others: Reserved
3.0 TIMER23_CIO_SEL[3 TIMER23_CIO input selection

:0]

These bits select the TIMER input source.
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0000: TIMER23_CHO input

Others: Reserved

1.8.13. Timer input selection register 4 (SYSCFG_TIMERCISEL4)

Address offset: 0x044
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
‘ TIMER30_CI3_SEL[3:0] | TIMER30_CI2_SEL[3:0] | TIMER30_CI1_SEL[3:0] | TIMER30_CI0_SEL[3:0]
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ TIMER31_CI3_SEL[3:0] I TIMER31_CI2_SEL[3:0] ‘ TIMER31_CI1_SEL[3:0] ‘ TIMER31_CIO_SEL[3:0]
w w w w
Bits Fields Descriptions
31:28 TIMER30_CI3_SEL[3 TIMER30_CI3 input selection
:0] These bits select the TIMER input source.

0000: TIMER30_CH3 input
Others: Reserved

27:24 TIMER30_CI2_SEL[3 TIMER30_CI2 input selection
:0] These bits select the TIMER input source.
0000: TIMER30_CH2 input
Others: Reserved

23:20 TIMER30_CI1_SEL[3 TIMER30_CI1 input selection
:0] These bits select the TIMER input source.
0000: TIMER30_CHZ1 input

Others: Reserved

19:16 TIMER30_CI0_SEL[3 TIMER30_CIO input selection
:0] These bits select the TIMER input source.
0000: TIMER30_CHO input
0001: CMPO output
0010: CMP1 output
0011: CMPO output or CMP1 output
Others: Reserved

15:12 TIMER31_CI3_SEL[3 TIMER31_CI3 input selection
:0] These bits select the TIMER input source.
0000: TIMER31_CH3 input

Others: Reserved

11:8 TIMER31_CI2_SEL[3 TIMER31_CI2 input selection
:0] These bits select the TIMER input source.
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0000: TIMER31_CH2 input
Others: Reserved
74 TIMER31_CI1_SEL[3 TIMER31_CI1 input selection
:0] These bits select the TIMER input source.
0000: TIMER31_CH1 input
Others: Reserved
3.0 TIMER31_CI0_SEL[3 TIMER31_CIO input selection
:0] These bits select the TIMER input source.
0000: TIMER31_CHO input
0001: CMPO output
0010: CMP1 output
0011: CMPO output or CMP1 output
Others: Reserved
1.8.14. Timer input selection register 5 (SYSCFG_TIMERCISELY5)
Address offset: 0x048
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
‘ TIMER42_CI1_SEL([3:0] ‘ TIMER42_CI0_SEL([3:0] ‘ TIMER41_CI1_SEL[3:0] ‘ TIMER41_CIO_SEL[3:0] ‘
w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ TIMER40_CI1_SEL[3:0] ‘ TIMER40_CIO_SEL[3:0] ‘ TIMER14_CI1_SEL[3:0] ‘ TIMER14_CIO_SEL[3:0] ‘
w w w w
Bits Fields Descriptions
31:28 TIMER42_CI1_SEL[3 Selects TIMER42_CI1 input
:0] These bits select the TIMER input source.
0000: TIMER42_CHL1 input
0001: TIMER4_CHL1 input
0010: TIMER22_CHL1 input
0011: TIMER23_CH1 input
Others: Reserved
27:24 TIMER42_CI0_SEL[3 Selects TIMER42_CIO input

:0] These bits select the TIMER input source.
0000: TIMER42_CHO input
0001: TIMER4_CHO input
0010: TIMER22_CHO input
0011: TIMER23_CHO input
0100: LXTAL
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23:20 TIMER41_CI1_SEL[3 Selects TIMER41_CI1 input
:0]

0101: LPIRC4M
0110: CKOUT1
Others: Reserved

These bits select the TIMER input source.

0000: TIMER41_CH1 input
0001: TIMER3_CH1 input
0010: TIMER4_CH1 input
0011: TIMER22_CH1 input
Others: Reserved

19:16 TIMER41_CIO_SEL[3 Selects TIMER41_CIO input

:0]

These bits select the TIMER input source.

0000: TIMER41_CHO input
0001: TIMER3_CHO input
0010: TIMER4_CHO input
0011: TIMER22_CHO input
0100: LXTAL

0101: LPIRC4AM

0110: CKOUT1

Others: Reserved

15:12 TIMER40_CI1_SEL[3 Selects TIMER40_CI1 input

:0]

These bits select the TIMER input source.

0000: TIMER40_CHZ1 input
0001: TIMER2_CHL1 input
0010: TIMER3_CHL1 input
0011: TIMER4_CHL1 input

Others: Reserved

11:8 TIMER40_CIO_SEL[3 Selects TIMER40_CIO input

:0]

These bits select the TIMER input source.

0000: TIMER40_CHO input
0001: TIMER2_CHO input
0010: TIMER3_CHO input
0011: TIMER4_CHO input
0100: LXTAL

0101: LPIRC4AM

0110: CKOUT1

Others: Reserved

74 TIMER14_CI1_SEL[3 Selects TIMER14_CI1 input

:0]

These bits select the TIMER input source.

0000: TIMER14_CH1 input
0001: TIMER1_CHL1 input
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0010: TIMER2_CHL1 input
0011: TIMER3_CHL1 input
Others: Reserved

3.0 TIMER14_CI0_SEL[3 Selects TIMER14_CIO input

:0]

1.8.15. Timer input selection register 6 (SYSCFG_TIMERCISELG6)

These bits select the TIMER input source.

0000: TIMER14_CHO input
0001: TIMERL_CHO input
0010: TIMER2_CHO input
0011: TIMER3_CHO input
0100: LXTAL

0101: LPIRC4M

0110: CKOUT1

Others: Reserved

Address offset: 0x04C
Reset value: 0x0000 0000

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

31 30

26 25 24 23

22 21

18 17 16

TIMER44_CI1_SEL[3:0]

TIMER44_CI0_SEL[3:0]

15 14

10 9 8 7

I\

6 5

w

2 1 0

TIMER43_CI1_SEL[3:0]

TIMER43_CI0_SEL[3:0] ‘

TIMER16_CI0_SEL[3:0]

TIMER15_CI0_SEL[3:0]

w

A

A

w

Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23:20 TIMER44_CI1_SEL[3 Selects TIMER44_CI1 input
:0] These bits select the TIMER input source.
0000: TIMER44_CH1 input
0001: TIMER23_CH1 input
0010: TIMER30_CH1 input
0011: TIMER31_CH1 input
Others: Reserved
19:16 TIMERA44_CIO_SEL[3 Selects TIMER44_CIO input
:0] These bits select the TIMER input source.

0000: TIMER44_CHO input
0001: TIMER23_CHO input
0010: TIMER30_CHO input
0011: TIMER31_CHO input
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15:12

11:8

7:4

3.0

1.8.16.

0100: LXTAL
0101: LPIRC4M
0110: CKOUT1

Others: Reserved

TIMER43_CI1_SEL[3 Selects TIMER43_CI1 input

:0]

These bits select the TIMER input source.
0000: TIMER43_CH1 input

0001: TIMER22_CH1 input

0010: TIMER23_CH1 input

0011: TIMER30_CH1 input

Others: Reserved

TIMER43_CI0_SEL[3 Selects TIMER43_CIO input

:0]

These bits select the TIMER input source.
0000: TIMER43_CHO input

0001: TIMER22_CHO input

0010: TIMER23_CHO input

0011: TIMER30_CHO input

0100: LXTAL

0101: LPIRC4AM

0110: CKOUT1

Others: Reserved

TIMER16_CIO_SEL[3 Selects TIMER16_CIO input

:0]

These bits select the TIMER input source.
0000: TIMER16_CHO input

0001: RSPDIF symbol_ck

0010: CK_HXTAL / RTCDIV

0011: CKOUTO

Others: Reserved

TIMER15_CI0_SEL[3 Selects TIMER15_CIO input

:0]

These bits select the TIMER input source.
0000: TIMER15_CHO input

0001: IRC32K

0010: LXTAL

0011: WKUP_IT

Others: Reserved

CPU ICACHE error status register(SYSCFG_CPUICAC)

Address offset: 0x054
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
‘ CPU_ICDET([3:0] CPU_ICERR[21:10]
r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CPU_ICERR[9:0] Reserved
r
Bits Fields Descriptions
31:28 CPU_ICDET[3:0] The ICACHE error detection information
These bits are provided by the CPU to indicate the ICACHE error detection
information.
27:6 CPU_ICERR[21:0] The ICACHE error bank information

These bits are provided by the CPU to indicate the ICACHE error bank information.

5:0 Reserved Must be kept at reset value.

1.8.17. CPU DCACHE error status register (SYSCFG_CPUDCAC)

Address offset: 0x058
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
‘ CPU_DCDET[3:0] CPU_DCERR[21:10]
r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CPU_DCERR[9:0] Reserved
r
Bits Fields Descriptions
31:28 CPU_DCDET(3:0] The DCACHE error detection information
These bits are provided by the CPU to indicate the DCACHE error detection
information.
27:6 CPU_DCERR[21:0] The DCACHE error bank information

These bits are provided by the CPU to indicate the DCACHE error bank information.

5:0 Reserved Must be kept at reset value.

1.8.18. FPU interrupt enable register (SYSCFG_FPUINTEN)

Address offset: 0x05C
Reset value: 0x0000 001F

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 ‘ IXIE ‘ IDIE ‘ OVFIE ‘ UFIE ‘ DZIE ‘ IOPIE ‘
w w w w w w
Bits Fields Descriptions
316 Reserved Must be kept at reset value.
5 IXIE Inexact interrupt enable bit
0: Inexact interrupt disable
1: Inexact interrupt enable
4 IDIE Input denormal interrupt enable bit
0: Input denormal interrupt disable
1: Input denormal interrupt enable
3 OVFIE Overflow interrupt enable bit
0: Overflow interrupt disable
1: Overflow interrupt enable
2 UFIE Underflow interrupt enable bit
0: Underflow interrupt disable
1: Underflow interrupt enable
1 DZIE Divide by 0 interrupt enable bit
0: Divide by 0 interrupt disable
1: Divide by 0 interrupt enable
0 IOPIE Invalid operation interrupt enable bit
0: Invalid operation interrupt disable
1: Invalid operation interrupt enable
1.8.19. SRAM configuration register 0 (SYSCFG_SRAMCFGO0)
Address offset: 0x64
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
SECURE_SRAM_SIZ
Reserved
E[1:0]
w
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Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1.0 SECURE_SRAM_SI Size of secure SRAM
ZE[1:0] These bits are set and cleared by software.
00: 0 Kbytes
01: 32 Kbytes
10: 64 Kbytes
11: 128 Kbytes
1.8.20. SRAM configuration register 1 (SYSCFG_SRAMCFG1)
Address offset: 0x68
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 2 1 0
TCM_WAI
Reserved A
TSTATE
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 TCM_WAITSTATE  TCM wait state configuration
This bit is set and cleared by software. It can be reset by system reset only.
This bit is used to insert wait-state in ITCM / DOTCM / D1TCM.
Note: When the system clock frequency is higher than fuw, this bit must be set.
0: No wait-state
1: Insert wait-state
1.8.21. TIMERXx configuration register 0 (SYSCFG_TIMERxCFGO0, x=0, 7)

31

30

Address offset: 0x100 for TIMERO
Address offset: 0x13C for TIMER7
Reset value: 0x0000 0000

TSCFGO[4:0], TSCFG1[4:0]..TSCFG9[4:0] are mutually exclusive and cannot be configured
at the same time.

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

TSCFG5[4:0]

TSCFG4[4:0]

TSCFG3[4:0]
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w w w
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0

Reserved TSCFG2[4:0] TSCFG1[4:0] TSCFGO[4:0]
w w w

Bits Fields Descriptions

31 Reserved Must be kept at reset value.

30:26 TSCFG5[4:0] Event mode configuration

A rising edge of the trigger input enables the counter.

00000: Event mode disable

00001: Internal trigger input O (ITI0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEOQ)

00111: The filtered output of channel 1 input (CI1FE1)

01000: The filtered output of external trigger input (ETIFP)

01001: The filtered output of channel 2 input (CI2FE2)

01010: The filtered output of channel 3 input (CI3FE3)

01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
01100: The filtered output of multi mode channel 1 input (MCILFEM1)
01101: The filtered output of multi mode channel 2 input (MCI2FEM2)
01110: The filtered output of multi mode channel 3 input (MCI3FEM3)
01111: Reserved

10000: Reserved

10001: Internal trigger input 12 (ITI12)

10010: Internal trigger input 13 (ITI13)

10011: Internal trigger input 14 (ITI114)

Others: Reserved

25:21 TSCFGA4[4:0] Pause mode configuration
The trigger input enables the counter clock when it is high and disables the counter
when it is low when these bits are not 0.
00000: Pause mode disable
00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (1T12)
00100: Internal trigger input 3 (ITI3)
00101: Reserved
00110: The filtered output of channel 0 input (CIOFEO)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
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01001: The filtered output of channel 2 input (CI2FE2)

01010: The filtered output of channel 3 input (CI3FE3)

01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
01100: The filtered output of multi mode channel 1 input (MCILFEM1)
01101: The filtered output of multi mode channel 2 input (MCI2FEM2)
01110: The filtered output of multi mode channel 3 input (MCI3FEM3)
01111: Reserved

10000: Reserved

10001: Internal trigger input 12 (IT112)

10010: Internal trigger input 13 (ITI13)

10011: Internal trigger input 14 (IT114)

Others: Reserved

20:16 TSCFG3[4:0] Restart mode configuration
The counter is reinitialized and the shadow registers are updated on the rising edge
of the selected trigger input when these bits are not 0.
00000: Restart mode disable
00001: Internal trigger input 0 (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEOQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: The filtered output of channel 2 input (CI2FE2)
01010: The filtered output of channel 3 input (CI3FE3)
01011: The filtered output of multi mode channel O input (MCIOFEMO)
01100: The filtered output of multi mode channel 1 input (MCILFEM1)
01101: The filtered output of multi mode channel 2 input (MCI2FEM2)
01110: The filtered output of multi mode channel 3 input (MCI3FEM3)
01111: Reserved
10000: Reserved
10001: Internal trigger input 12 (IT112)
10010: Internal trigger input 13 (ITI113)
10011: Internal trigger input 14 (IT114)

Others: Reserved
15 Reserved Must be kept at reset value.

14:10 TSCFG2[4:0] Quadrature decoder mode 2 configuration
00000: Quadrature decoder mode 2 disable
Others: The counter counts on both CIOFEO and CI1FE1 edges, while the direction

depends on each other

9:5 TSCFG1[4:0] Quadrature decoder mode 1 configuration
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00000: Quadrature decoder mode 1 disable
Others: The counter counts on CI1FE1 edge, while the direction depends on
CIOFEQ level
4:0 TSCFGO[4:0] Quadrature decoder mode 0 configuration
00000: Quadrature decoder mode 0 disable
Others: The counter counts on CIOFEO edge, while the direction depends on
CI1FE1 level.
1.8.22. TIMERX configuration register 1 (SYSCFG_TIMERxCFG1, x=0, 7)
Address offset: 0x104 for TIMERO
Address offset: 0x140 for TIMER7
Reset value: 0x0000 0000
TSCFGO[4:0], TSCFG1[4:0]..TSCFG9[4:0] are mutually exclusive and cannot be configured
at the same time.
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 TSCFG9[4:0]
w
15 14 13 12 " 10 7 6 5 4 3 2 1 0
Reserved TSCFG8[4:0] TSCFG7[4:0] TSCFG6[4:0]
w w w
Bits Fields Descriptions
31:21 Reserved Must be kept at reset value.
20:16 TSCFG9[4:0] Non-quadrature decoder mode 1 configuration
00000: Non-quadrature decoder mode 1 disable
Others: The CIO signal is used as the count pulse( with the CHOP is used to select
the counter edge) and the CI1 signal is used as the count direction selection.
15 Reserved Must be kept at reset value.
14:10 TSCFG8[4:0] Non-quadrature decoder mode O configuration
00000: Non-quadrature decoder mode 0 disable
Others: The CIO signal is used as the count pulse and CI1 is used as the count
selection signal. When CH1P=0, the counter will count up on the rising edge of the
CI0 input signal merely in the case that the CI1 signal is high; When CH1P=1, the
counter will count up on the rising edge of the CIO input signal merely in the case
that the CI1 signal is low.
9:5 TSCFG7[4:0] Restart + event mode configuration

The counter is reinitialized and started, the shadow registers are updated on the
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4.0

TSCFG6[4:0]

rising edge of the selected trigger input when these bits are not 0.
00000: Restart + event mode disable

00001: Internal trigger input O (ITI0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEOQ)

00111: The filtered output of channel 1 input (CI1FE1)

01000: The filtered output of external trigger input (ETIFP)

01001: The filtered output of channel 2 input (CI2FE2)

01010: The filtered output of channel 3 input (CI3FE3)

01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
01100: The filtered output of multi mode channel 1 input (MCILFEM1)
01101: The filtered output of multi mode channel 2 input (MCI2FEM2)
01110: The filtered output of multi mode channel 3 input (MCI3FEM3)
01111: Reserved

10000: Reserved

10001: Internal trigger input 12 (ITI12)

10010: Internal trigger input 13 (ITI113)

10011: Internal trigger input 14 (ITI14)

Others: Reserved

External clock mode 0 configuration

The counter counts on the rising edges of the selected trigger when these bits are
not O.

00000: External clock mode O disable

00001: Internal trigger input O (ITIO0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEO)

00111: The filtered output of channel 1 input (CI1FE1)

01000: The filtered output of external trigger input (ETIFP)

01001: The filtered output of channel 2 input (CI2FE2)

01010: The filtered output of channel 3 input (CI3FE3)

01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
01100: The filtered output of multi mode channel 1 input (MCILFEM1)
01101: The filtered output of multi mode channel 2 input (MCI2FEM2)
01110: The filtered output of multi mode channel 3 input (MCISFEM3)
01111: Reserved

10000: Reserved

10001: Internal trigger input 12 (IT112)
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1.8.23.

31

30

TIMERXx configuration register 2 (SYSCFG_TIMERxCFG2, x=0, 7)

10010:
10011:

Others:

Internal trigger input 13 (ITI13)
Internal trigger input 14 (IT114)

Reserved

Address offset: 0x108 for TIMERO
Address offset: 0x144 for TIMER7
Reset value: 0x0000 0000

TSCFGO0[4:0], TSCFG1[4:0]..TSCFG9[4:0] are mutually exclusive and cannot be configured
at the same time.

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

29 28

27

26

25 24 23 22 21

20

19

18

Reserved

TSCFG15[4:0]

10

w

2

Reserved

Bits

Fields

Descriptions

31:21

20:16

Reserved

TSCFG15[4:0]

Must be kept at reset value.

Internal trigger input source configuration

00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:

Reserved

Internal trigger input O (ITI10)
Internal trigger input 1 (ITI1)
Internal trigger input 2 (1T12)
Internal trigger input 3 (ITI3)
CI0 edge flag (CIOF_ED)
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Internal trigger input 12 (IT112)
Internal trigger input 13 (ITI13)
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15:0 Reserved

1.8.24.

23, 30, 31)

Address offset:
Address offset:
Address offset:
Address offset:
Address offset:
Address offset:
Address offset:
Address offset:

10011: Internal trigger input 14 (ITI14)

Others: Reserved

Note: When TSCFG15[4:0] is used, TSCFGy[4:0](y=0..9) should be zero,
otherwise, the ITS trigger cooperate with TSCFGy[4:0], and input source depend on

TSCFGy[4:0].

Must be kept at reset value.

0x10C for TIMER1
0x118 for TIMER2
0x124 for TIMER3
0x130 for TIMER4
0x154 for TIMER22
0x160 for TIMER23
0x16C for TIMER30
0x178 for TIMER31

Reset value: 0x0000 0000

TIMERX configuration register 0 (SYSCFG_TIMERxCFGO, x=1, 2, 3, 4, 22,

TSCFGO[4:0], TSCFG1[4:0]..TSCFG9[4:0] are mutually exclusive and cannot be configured
at the same time.

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 TSCFG5[4:0]

TSCFG4[4:0]

TSCFG3[4:0]

15 14 13 12

w

1 10 9 8 7 6 5

rw

4 3 2 1 0

Reserved TSCFG2[4:0]

TSCFG1[4:0]

TSCFGO[4:0]

w

Bits Fields

w

Descriptions

w

31 Reserved

30:26 TSCFG5[4:0]

Must be kept at reset value.

Event mode configuration

A rising edge of the trigger input enables the counter.

00000: Event mode disable

00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (1T12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEQ)
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00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: Internal trigger input 4 (1T14)

01010: Internal trigger input 5 (ITI5)

01011: Reserved

01100: Internal trigger input 7 (1T17)

01101: Reserved

01110: Internal trigger input 9 (ITI9)

01111: Internal trigger input 10 (ITI110)

10000: Internal trigger input 11 (ITI111)

10001: Internal trigger input 12 (IT112)

10010: Internal trigger input 13 (ITI13)

10011: Internal trigger input 14 (ITI114)

Others: Reserved

25:21 TSCFG4[4:0] Pause mode configuration
The trigger input enables the counter clock when it is high and disables the counter
when it is low when these bits are not 0.
00000: Pause mode disable
00001: Internal trigger input 0 (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: Reserved
00110: The filtered output of channel 0 input (CIOFEO)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: Internal trigger input 4 (1T14)
01010: Internal trigger input 5 (ITI5)
01011: Reserved
01100: Internal trigger input 7 (IT17)
01101: Reserved
01110: Internal trigger input 9 (ITI9)
01111: Internal trigger input 10 (ITI110)
10000: Internal trigger input 11 (ITI111)
10001: Internal trigger input 12 (IT112)
10010: Internal trigger input 13 (ITI13)
10011: Internal trigger input 14 (IT114)

Others: Reserved

20:16 TSCFG3[4:0] Restart mode configuration
The counter is reinitialized and the shadow registers are updated on the rising edge
of the selected trigger input when these bits are not 0.
00000: Restart mode disable
00001: Internal trigger input O (ITI0)
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15

14:10

9:5

4.0

1.8.25.

00010: Internal trigger input 1 (1TI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: Internal trigger input 4 (1T14)

01010: Internal trigger input 5 (ITI5)

01011: Reserved

01100: Internal trigger input 7 (1T17)

01101: Reserved

01110: Internal trigger input 9 (ITI19)

01111: Internal trigger input 10 (ITI110)

10000: Internal trigger input 11 (ITI11)

10001: Internal trigger input 12 (ITI12)

10010: Internal trigger input 13 (ITI13)

10011: Internal trigger input 14 (ITI114)

Others: Reserved

Reserved Must be kept at reset value.

TSCFG2[4:0] Quadrature decoder mode 2 configuration
00000: Quadrature decoder mode 2 disable
Others: The counter counts on both CIOFEO and CI1FE1 edges, while the direction
depends on each other

TSCFG1[4:0] Quadrature decoder mode 1 configuration
00000: Quadrature decoder mode 1 disable
Others: The counter counts on CI1FE1 edge, while the direction depends on
CIOFEO level

TSCFGO[4:0] Quadrature decoder mode 0 configuration
00000: Quadrature decoder mode 0 disable
Others: The counter counts on CIOFEO edge, while the direction depends on
CI1FE1 level.

TIMERX configuration register 1 (SYSCFG_TIMERXxCFG1, x=1, 2, 3, 4, 22,

23, 30, 31)

Address offset: 0x110 for TIMER1
Address offset: 0x11C for TIMER2
Address offset: 0x128 for TIMER3
Address offset: 0x134 for TIMER4
Address offset: 0x158 for TIMER22
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Address offset: 0x164 for TIMER23
Address offset: 0x170 for TIMER30
Address offset: 0x17C for TIMER31
Reset value: 0x0000 0000
TSCFGO[4:0], TSCFG1[4:0]..TSCFG9[4:0] are mutually exclusive and cannot be configured
at the same time.
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 TSCFG9[4:0]
w
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Reserved TSCFG8[4:0] TSCFG7[4:0] TSCFG6[4:0]
w w w
Bits Fields Descriptions
31:21 Reserved Must be kept at reset value.
20:16 TSCFG9[4:0] Non-quadrature decoder mode 1 configuration
00000: Non-quadrature decoder mode 1 disable
Others: The CIO signal is used as the count pulse( with the CHOP is used to select
the counter edge) and the CI1 signal is used as the count direction selection.
15 Reserved Must be kept at reset value.
14:10 TSCFG8[4:0] Non-quadrature decoder mode O configuration
00000: Non-quadrature decoder mode O disable
Others: The CIO signal is used as the count pulse and CI1 is used as the count
selection signal. When CH1P=0, the counter will count up on the rising edge of the
CI0 input signal merely in the case that the CI1 signal is high; When CH1P=1, the
counter will count up on the rising edge of the CIO input signal merely in the case
that the CI1 signal is low.
9:5 TSCFG7[4:0] Restart + event mode configuration

The counter is reinitialized and started, the shadow registers are updated on the
rising edge of the selected trigger input when these bits are not 0.
00000: Restart + event mode disable

00001: Internal trigger input O (ITI0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEQ)

00111: The filtered output of channel 1 input (CI1FE1)

01000: The filtered output of external trigger input (ETIFP)
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01001: Internal trigger input 4 (1T14)
01010: Internal trigger input 5 (ITI5)
01011: Reserved

01100: Internal trigger input 7 (1T17)
01101: Reserved

01110: Internal trigger input 9 (ITI9)
01111: Internal trigger input 10 (ITI110)
10000: Internal trigger input 11 (ITI111)
10001: Internal trigger input 12 (IT112)
10010: Internal trigger input 13 (ITI13)
10011: Internal trigger input 14 (IT114)
Others: Reserved

4:0 TSCFG6[4:0] External clock mode O configuration
The counter counts on the rising edges of the selected trigger when these bits are
not 0.
00000: External clock mode 0 disable
00001: Internal trigger input 0 (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEOQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: The filtered output of external trigger input (ETIFP)
01001: Internal trigger input 4 (1TI4)
01010: Internal trigger input 5 (ITI5)
01011: Reserved
01100: Internal trigger input 7 (IT17)
01101: Reserved
01110: Internal trigger input 9 (ITI9)
01111: Internal trigger input 10 (ITI110)
10000: Internal trigger input 11 (ITI11)
10001: Internal trigger input 12 (IT112)
10010: Internal trigger input 13 (ITI13)
10011: Internal trigger input 14 (IT114)

Others: Reserved

1.8.26. TIMERX configuration register 2 (SYSCFG_TIMERXxCFG2, x=1, 2, 3, 4, 22,

23, 30, 31)

Address offset: 0x114 for TIMER1
Address offset: 0x120 for TIMER2
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31

30

Address offset: 0x12C for TIMER3
Address offset: 0x138 for TIMER4
Address offset: 0x15C for TIMER22
Address offset: 0x168 for TIMER23
Address offset: 0x174 for TIMER30
Address offset: 0x180 for TIMER31

Reset value: 0x0000 0000

TSCFGO[4:0], TSCFG1[4:0]..TSCFG9[4:0] are mutually exclusive and cannot be configured

at the same time.

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

29 28 27 26

25 24 23 22

21

20

19

18

Reserved

TSCFG15[4:0]

9 8 7 6

w

2

Reserved

Bits

Fields Descriptions

31:21

20:16

Reserved

TSCFG15[4:0]
00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:

Others:

Must be kept at reset value.

Reserved

Internal trigger input O (ITI0)
Internal trigger input 1 (ITI1)
Internal trigger input 2 (IT12)
Internal trigger input 3 (ITI3)
CI0 edge flag (CIOF_ED)
Reserved

Reserved

Reserved

Internal trigger input 4 (IT14)
Internal trigger input 5 (ITI5)
Reserved

Internal trigger input 7 (IT17)
Reserved

Internal trigger input 9 (IT19)
Internal trigger input 10 (ITI10)
Internal trigger input 11 (ITI11)
Internal trigger input 12 (IT112)
Internal trigger input 13 (ITI13)
Internal trigger input 14 (IT114)

Reserved

Internal trigger input source configuration
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15:0

1.8.27.

31

30

Reserved

Note: When TSCFG15[4:0] is used, TSCFGy[4:0](y=0..9) should be zero,
otherwise, the ITS trigger cooperate with TSCFGy[4:0], and input source depend on
TSCFGy[4:0].

Must be kept at reset value.

TIMERX configuration register 0 (SYSCFG_TIMERxCFGO, x=14, 40, 41,

42, 43, 44)

Address offset
Address offset
Address offset
Address offset
Address offset
Address offset

Reset value: 0x0000 0000

: 0x148 for TIMER14
: 0x184 for TIMER40
: 0x190 for TIMER41
: 0x19C for TIMER42
: Ox1A8 for TIMER43
: 0x1B4 for TIMER44

TSCFG3[4:0], TSCFG4[4:0]..TSCFG7[4:0] are mutually exclusive and cannot be configured
at the same time.

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

TSCFG5[4:0]

TSCFGA4[4:0]

TSCFG3[4:0]

w

9 8 7 6 5

rw

2 1 0

Reserved

Bits

Fields

Descriptions

31

30:26

Reserved

TSCFG5[4:0]

Must be kept at reset value.

Event mode configuration

A rising edge of the trigger input enables the counter.
00000:
00001:
00010:
00011:
00100:

00101

00110:
00111:
01000:
01001:
01010:

Event mode disable

Internal trigger input O (ITI0)
Internal trigger input 1 (ITI1)
Internal trigger input 2 (IT12)
Internal trigger input 3 (ITI3)

: ClO edge flag (CIOF_ED)
The filtered output of channel 0 input (CIOFEO)
The filtered output of channel 1 input (CI1FE1)

Reserved
Reserved

Reserved
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01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
10011: Internal trigger input 14 (IT114)

Others: Reserved

25:21 TSCFGA4[4:0] Pause mode configuration
The trigger input enables the counter clock when it is high and disables the counter
when it is low when these bits are not 0.
00000: Pause mode disable
00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (1TI1)
00011: Internal trigger input 2 (1TI2)
00100: Internal trigger input 3 (ITI3)
00101: Reserved
00110: The filtered output of channel 0 input (CIOFEOQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: Reserved
01001: Reserved
01010: Reserved
01011: The filtered output of multi mode channel O input (MCIOFEMO)
10011: Internal trigger input 14 (ITI14)
Others: Reserved

20:16 TSCFG3[4:0] Restart mode configuration
The counter is reinitialized and the shadow registers are updated on the rising edge
of the selected trigger input when these bits are not 0.
00000: Restart mode disable
00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (ITI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: Reserved
01001: Reserved
01010: Reserved
01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
10011: Internal trigger input 14 (ITI14)
Others: Reserved

15:0 Reserved Must be kept at reset value.
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1.8.28. TIMERX configuration register 1 (SYSCFG_TIMERXxCFG1, x=14, 40, 41,

42, 43, 44)

Address offset: 0x14C for TIMER14
Address offset: 0x188 for TIMER40
Address offset: 0x194 for TIMER41
Address offset: 0x1A0 for TIMER42
Address offset: Ox1AC for TIMER43
Address offset: 0x1B8 for TIMER44
Reset value: 0x0000 0000

TSCFG3[4:0], TSCFG4[4:0]..TSCFG7[4:0] are mutually exclusive and cannot be configured
at the same time.

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 2 1 0
Reserved TSCFG7[4:0] TSCFG6[4:0]
w w

Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9:5 TSCFG7[4:0] Restart + event mode configuration

The counter is reinitialized and started, the shadow registers are updated on the
rising edge of the selected trigger input when these bits are not 0.
00000: Restart + event mode disable

00001: Internal trigger input O (ITIO0)

00010: Internal trigger input 1 (ITI1)

00011: Internal trigger input 2 (IT12)

00100: Internal trigger input 3 (ITI3)

00101: CIO edge flag (CIOF_ED)

00110: The filtered output of channel 0 input (CIOFEQ)

00111: The filtered output of channel 1 input (CI1FE1)

01000: Reserved

01001: Reserved

01010: Reserved

01011: The filtered output of multi mode channel O input (MCIOFEMO)
10011: Internal trigger input 14 (IT114)

Others: Reserved

4:0 TSCFG6[4:0] External clock mode O configuration
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The counter counts on the rising edges of the selected trigger when these bits are
not 0.
00000: External clock mode 0 disable
00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (1TI1)
00011: Internal trigger input 2 (1T12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: The filtered output of channel 0 input (CIOFEQ)
00111: The filtered output of channel 1 input (CI1FE1)
01000: Reserved
01001: Reserved
01010: Reserved
01011: The filtered output of multi mode channel 0 input (MCIOFEMO)
10011: Internal trigger input 14 (ITI114)
Others: Reserved
1.8.29. TIMERXx configuration register 2 (SYSCFG_TIMERXCFG2, x=14, 40, 41,
42, 43, 44)
Address offset: 0x150 for TIMER14
Address offset: 0x18C for TIMER40
Address offset: 0x198 for TIMER41
Address offset: Ox1A4 for TIMER42
Address offset: 0x1BO0 for TIMER43
Address offset: Ox1BC for TIMER44
Reset value: 0x0000 0000
TSCFG3[4:0], TSCFG4[4:0]..TSCFG7[4:0] are mutually exclusive and cannot be configured
at the same time.
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 TSCFG15[4:0]
15 14 13 12 " 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31:21 Reserved Must be kept at reset value.
20:16 TSCFG15[4:0] Internal trigger input source configuration
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15:0

1.8.30.

31

00000: Reserved

00001: Internal trigger input O (ITI0)
00010: Internal trigger input 1 (1TI1)
00011: Internal trigger input 2 (IT12)
00100: Internal trigger input 3 (ITI3)
00101: CIO edge flag (CIOF_ED)
00110: Reserved

00111: Reserved

01000: Reserved

01001: Reserved

01010: Reserved

01011: Reserved

10011: Internal trigger input 14 (ITI14)
Others: Reserved

Note: When TSCFG15[4:0] is used, TSCFGy[4:0](y = 3..7) should be zero,
otherwise, the ITS trigger cooperate with TSCFGy[4:0], and input source depend on

TSCFGy[4:0].

Reserved Must be kept at reset value.

User configuration register (SYSCFG_USERCFG)

Address offset: 0x300
Reset value: 0x0000 00XX

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

30 29 28 27 26 25 24 23 22 21 20

19 18

Reserved

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

Reserved BOOT_MODE[2:0]

Reserved

BOR_TH[1:0]

Bits

r

Fields Descriptions

r

317

6:4

Reserved Must be kept at reset value.

BOOT_MODE[2:0] Boot mode
These bits indicate the mode of BOOT.

000: BOOT from SRAM (ITCM/DTCM/RAM shared/AXI SRAM)

001: BOOT from Security

010: BOOT_SYS (BootLoader)

011: BOOT_USER (User flash OSPI0/1)
Others: Reserved
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3:2 Reserved Must be kept at reset value.
1.0 BOR_THJ1:0] BOR threshold status bits
00: No BOR function
01: BOR threshold value 1
10: BOR threshold value 2
11: BOR threshold value 3
1.9. AXIl interconnect registers
AXI base address: 0x5100 0000
1.9.1. AXI peripheral ID4 register (AXI_PERIPH_ID4)
Address offset: 0x1FDO
Reset value: 0x0000 0004
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 4KBCNT[3:0] JEP106CCODE[3:0]
r r
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
74 4KBCNT[3:0] 4KB count
3.0 JEP106CCODE[3:0] JEP106 continuation code
1.9.2. AXI peripheral ID0 register (AXI_PERIPH_IDO)
Address offset: OxX1FEOQ
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 PARTNUMI[7:0]

r
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Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:0 PARTNUM[7:0] Part number[7:0]
1.9.3. AXI peripheral ID1 register (AXI_PERIPH_ID1)
Address offset: Ox1FE4
Reset value: 0x0000 00B4
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 JEP106ID[3:0] PARTNUM[11:8]
r r
Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:4 JEP106ID[3:0] JEP106 Identity[3:0]
3.0 PARTNUM[11:8] Part number[11:8]
1.9.4. AXI peripheral ID2 register (AXI_PERIPH_ID2)
Address offset: 0xX1FES8
Reset value: 0x0000 002B
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
JEP106C
Reserved PARTREV([3:0] JEP106ID[6:4]
F
r r r
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
74 PARTREV][3:0] Part revision
3 JEP106CF JEP106 code flag
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2:0 JEP106ID[6:4] Part number[6:4]
1.9.5. AXI peripheral ID3 register (AXI_PERIPH_ID3)
Address offset: OX1FEC
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 CUSTREV[3:0] CUSTMODI[11:8]
r r
Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:4 CUSTREV[3:0] Customer version
3.0 CUSTMODI11:8] Customer modification
1.9.6. AXI componet ID0 register (AXI_COMP_IDO0)
Address offset: Ox1FFO
Reset value: 0x0000 000D
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 PREAMB[7:0]
r
Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:0 PREAMB[7:0] Preamble bits
1.9.7. AXI componet ID1 register (AXI_COMP_ID1)
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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 CLASSI[3:0] PREAMB[11:8]
r r
Bits Fields Descriptions
31:8 Reserved Must be kept at reset value.
74 CLASS[3:0] Component class
3.0 PARTNUM[11:8] Preamble bits
1.9.8. AXI componet ID2 register (AXI_COMP_ID2)
Address offset: Ox1FF8
Reset value: 0x0000 0005
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 PREAMB[19:12]
r
Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:0 PREAMB[19:12] Preamble bits
1.9.9. AXI componet ID3 register (AXI_COMP_ID3)
Address offset: Ox1FFC
Reset value: 0x0000 00B1
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 PREAMB[27:20]

r
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Bits Fields Descriptions
318 Reserved Must be kept at reset value.
7:0 PREAMB|[27:20] Preamble bits
1.9.10. AXl Master Port x bus matrix issuing functionality control register
(AXI_MPxBM_ISS_CTL)
Address offset: 0x2008 + 0x1000 * x, where x =0to 7
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
WR_ISSO|RD_ISSO
Reserved
\ v
rw w
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1 WR_ISSOV Override target write issuing function
0: Normal issuing function
1: The bus matrix write issuing capability is set to 1
0 RD_ISSOV Override target read issuing function
0: Normal issuing function
1: The bus matrix read issuing capability is set to 1
1.9.11. AXl Master Port x bus matrix functionality control register
(AXI_MPxBM_CTL)
Address offset: 0x2024 + 0x1000 * x, where x =0, 1, 6 and 7
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 ‘ BPDIS ‘
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Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 BPDIS Beats packing function disable configure
0: Normal operation
1: Disable beats packing function
1.9.12. AXl Master Port x long burst functionality control register
(AXI_MPx_LB_CTL)
Address offset: 0x202C + 0x1000 * x, where x =0 and 1
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 ’ LBEN ‘
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 LBEN Control long burst function
0: Disable long burst generated at the output of the ASIB
1: Enable long burst generated at the output of the ASIB
1.9.13. AXlI Master Port x issuing functionality control register
(AXI_MPx_ISS_CTL)
Address offset: 0x2108 + 0x1000 * x, where x =0, 1, 2, and 7
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

WR_ISSO|RD_ISSO
Reserved
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Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1 WR_ISSOV Override AMIB write issuing function
0: Normal issuing function
1: The AMIB write issuing capability is forced set to 1
0 RD_ISSOV Override AMIB read issuing function
0: Normal issuing function
1: The AMIB read issuing capability is forced set to 1
1.9.14. AXI Slave Port x functionality control register (AXI_SPx_CTL)
Address offset: 0x42024 + 0x1000 * x, where x = 0 and 2
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
TRANSAL
Reserved
T
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 TRANSALT Transaction alteration configure
0: Normal operation
1: Transaction unaltered where allowed
1.9.15. AXl Slave Port x AHB issuing functionality control register
(AXI_SPx_AHBISS_CTL)
Address offset: 0x42028 + 0x1000 * x, where x = 0 and 2
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
RD_AHB_I\WR_AHB._|
Reserved
SSov ISSOV
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rw w

Bits Fields Descriptions

31:2 Reserved Must be kept at reset value.

1 RD_AHB_ISSOV Converts AHB-Lite read transaction to single beat AXI transaction function

0: Override disabled
1: Override enabled

0 WR_AHB_ISSOV Converts AHB-Lite write transaction to single beat AXI transaction function
0: Override disabled

1: Override enabled

1.9.16. AXI Slave Port x read QOS control register (AXI_SPx_RDQOS_CTL)

Address offset: 0x42100 + 0x1000 * x, where x =01to 5
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 RDQOS[3:0]

2

Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
3.0 RDQOS[3:0] Read channel QoS configure

0000: Lowest priority

1111: Highest priority

1.9.17. AXI Slave Port x write QOS control register (AXI_SPx_WRQOS_CTL)

Address offset: 0x42104 + 0x1000 * x, where x=01t0 5
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 WRQOS[3:0]
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Bits Fields Descriptions

31:4 Reserved Must be kept at reset value.

3.0 WRQOSJ[3:0] Write channel QoS configure

0000: Lowest priority

1111: Highest priority

1.9.18. AXl Slave Port x issuing functionality control register
(AXI_SPx_ISS_CTL)

Address offset: 0x42108 + 0x1000 * x, where x=01t0 5
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

WR_ISSO|RD_ISSO
Reserved
\Y \Y

w w

Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
1 WR_ISSOV Override ASIB write issuing function

0: Normal issuing function
1: The ASIB write issuing capability is forced set to 1

0 RD_ISSOV Override ASIB read issuing function
0: Normal issuing function

1: The ASIB read issuing capability is forced set to 1

1.10. Device electronic signature

The device electronic signature contains memory density information and the 96-bit unique
device ID. The 96-bit unique device ID is unique for each device. It can be used as serial
numbers, or part of security keys, etc.
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1.10.1. Memory density information
Base address: Ox1FFO F7EO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
FLASH_DENSITY[15:0]
r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SRAM_DENSITY[15:0]
r
Bits Fields Descriptions
31:16 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0020 indicates 32 Kbytes.
15:0 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.
Example: 0x0008 indicates 8 Kbytes.
1.10.2. Unique device ID (96 bits)
Base address: Ox1FFO F7E8
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[31:16]
r
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[15:0]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[31:0] Unique device ID
Base address: Ox1FFO F7EC
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[63:48]
r
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
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UNIQUE_ID[47:32]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[63:32]  Unique device ID
Base address: Ox1FFO 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 1" 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
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2.

2.1.

2.2.

RAM ECC monitor unit (RAMECCMU)

The GD32H7xx device features two RAM ECC monitor units (RAMECCMU) in Region 0 and
Region1 separately. It provides a method to verify ECC status for applications and execute
error handling when errors occur.

Characteristics

The main functions of RAMECCMU are the following:

B RAM ECC monitor for each Region
B |dentification for RAM failing address/data

Function overview

GD32H7xx features two RAMECC monitor units mounted on AHB3 in Region 0 and AHB2 in
Region 1 separately. The block architechture of RAMECCMU is shown as Figure 2-1. Block
architecture of RAMECCMU.

Figure 2-1. Block architecture of RAMECCMU

A
ecc_it
RAM ECC Unito [S€¢-80
. ECC ECC error / events Interrupt
: Detector Controller
5 ecc_evx
RAM ECC Unit x = >

RAMECCMU
registers

A

32-bit

AHB

HCLK bus

There are two RAMECC monitor units in GD32H7xx series which are described in Table 2-1.
RAMECC monitor x unit for Region 0 (x=0..4) and Table 2-2. RAMECC monitor x unit for

Region 1 (x=0..2).
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Table 2-1. RAMECC monitor x unit for Region 0 (x=0..4)

RAMECC monitor ;
RAMECC monitor status
number
0 AX|I SRAM ECC
1 ITCM-RAM ECC
2 DTCM-RAM ECC(DOTCM)
3 DTCM-RAM ECC(D1TCM)
4 RAM shared(ITCM/DTCM/AXI SRAM) ECC

Table 2-2. RAMECC monitor x unit for Region 1 (x=0..2)

RAMECC monitor ;
RAMECC monitor status

number
0 SRAMO ECC
1 SRAM1 ECC
2 Backup RAM(BKPSRAM) ECC
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2.3. Register definition
RAMECCMU Region 0 base address: 0x5200 9000
RAMECCMU Region 1 base address: 0x4802 3000
2.3.1. RAMECCMU global interruput register (RAMECCMU_INT)
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
GEDERR | GEDERR |GESERRI
Reserved GEIE
BWIE IE E
rw w rw w
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value.
3 GEDERRBWIE Global ECC double error on byte write interrupt enable
0: No interrupt generated
1: Interrupt generated when ECC double detection error occurs during a byte write
operation to RAM
2 GEDERRIE Global ECC double error interrupt enable
0: No interrupt generated
1: Interrupt generated when ECC double detection error occurs during a read
operation from RAM
1 GESERRIE Global ECC single error interrupt enable
0: No interrupt generated
1: Interrupt generated when ECC single error occurs during a read operation from
RAM
0 GEIE Global ECC interrupt enable
0: No interrupt generated
1: Interrupt generated when one of GEDERRBWIE, GEDERRIE or GESERRIE
error occurs
2.3.2. RAMECCMU monitor x control register (RAMECCMU_MxCTL)

Address offset: 0x20 * (x+1), (x is ECC monitoring number, x=0..4 for Region 0, while x=0..2
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for Region 1)
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
ECCERRL| ECCDER | ECCDER [ECCSERR
Reserved Reserved
ATEN RBWIE RIE IE
rw I\ rw w
Bits Fields Descriptions
316 Reserved Must be kept at reset value.
5 ECCERRLATEN ECC error latching enable
0: No error context are latched to their respective registers when ECC error occurs
1: Error context are latched to their respective registers when ECC error occurs
4 ECCDERRBWIE ECC double error on byte write interrupt enable
0: No interrupt generated
1: Interrupt generated when ECC double error occurs on byte write operation to
RAM
3 ECCDERRIE ECC double error interrupt enable
0: No interrupt generated
1: Interrupt generated when ECC double error occurs on read operation from RAM
2 ECCSERRIE ECC single error interrupt enable
0: No interrupt generated
1: Interrupt generated when ECC single error occurs on read operation from RAM
1.0 Reserved Must be kept at reset value.
2.3.3. RAMECCMU monitor x status register (RAMECCMU_MxSTAT)
Address offset: 0x24 + 0x20 * x, (x= ECC monitoring number, x=0..4 for Region 0, while x=0..2
for Region 1)
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

ECCDER

RBWDF

ECCDER

RDF

ECCSERR

DCF
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rc_wo rc_w0 rc_wo
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value.
2 ECCDERRBWDF ECC double error on byte write detected flag
This bit is set by hardware and cleared by writing 0.
0: Double error is detected during read when ECCDERRDEF is set
1: Double error detected during unaligned write
1 ECCDERRDF ECC double error detected flag
0: No double error detected
1: Double error detected
0 ECCSERRDCF ECC single error detected and corrected flag
0: No error detected and corrected
1: Error detected and corrected
2.3.4. RAMECCMU monitor x failing address register RAMECCMU_MxFADDR)

Address offset: 0x28 + 0x20 * x, (x= ECC monitoring number, x=0..4 for Region 0, while x=0..2

for Region 1)

Reset value: 0x2400 0000 for AXI SRAM
0x0000 0000 for ITCM
0x2000 0000 for DOTCM
0x2000 0004 for D1TCM
0x2408 0000 for RAM shared(ITCM/DTCM/AXI SRAM)

0x3000 0000 for SRAMO
0x3000 4000 for SRAM1
0x3880 0000 for BKPSRAM

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
ECCFADDR([31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ECCFADDR[15:0]
r
Bits Fields Descriptions
31.0 ECCFADDR[31:0] ECC error failing address

This register contains the address which generated ECC error when error occurs.
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2.3.5. RAMECCMU monitor x failing data low register (RAMECCMU_MxFDL)

Address offset; 0x2C + 0x20 * x, (x= ECC monitoring number, x=0..4 for Region 0, while
x=0..2 for Region 1)
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
‘ ECCFDL[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ECCFDL[15:0]
r
Bits Fields Descriptions
31:0 ECCFDL[31:0] ECC failing data low bits

This register contains the LSB of data which generated ECC error when error occurs

or the full memory word for 32-bit word SRAM.

2.3.6. RAMECCMU monitor x failing data high register (RAMECCMU_MxFDH)

Address offset: 0x30 + 0x20 * X, (x= ECC monitoring number, x=0..4 for Region 0, while x=0..2
for Region 1)
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
‘ ECCFDH([31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ECCFDH[15:0]
r
Bits Fields Descriptions
31.0 ECCFDHI[31:0] ECC failing data high bits (64-bit)
This register contains the MSB of data which generated ECC error when error
occurs.
2.3.7. RAMECCMU monitor x failing ECC error code register

(RAMECCMU_MxFECODE)

Address offset: 0x34 + 0x20 * X, (x= ECC monitoring number, x=0..4 for Region 0, while x=0..2
for Region 1)
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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

‘ ECCFECODE[31:16]

r

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

‘ ECCFECODE[15:0]

r

Bits Fields Descriptions

310 ECCFECODE[31:0] ECC failing error code
This register contains the index where the bit error occurs and the ECC code.
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3.

3.1.

3.2.

3.3.

3.3.1.

Flash memory controller (FMC)

Overview

The flash memory controller, FMC, provides all the necessary functions for the on-chip flash

memory. It also provides sector erase, mass erase, program operations for flash memory.

Characteristics

Function overview

Flash memory architecture

Double-word/word/half-word/byte reading operation.

Up to 3840KB of main flash memory for instruction and data.

Double-word/word programming, sector erase and mass erase operation.

Option bytes are uploaded to the option byte control registers on every system reset
Flash security protection to prevent illegal code/data access.
Sector erase/program protection to prevent unexpected operation.
Provides one execute-only dedicated code read protection ( DCRP ) area.
Provides one secure user area which is accessible only in secure mode.

FMC supports 64-bit AXI interface to access code/data and 32-bit AHB slave interface to
access regqister. Figure 3-1. FMC block diagram shows the details.

Figure 3-1. FMC block diagram

Interrupts

<
w

FMC

AHB ¢ ) Registers
AHB::) Slave e
Interface

Flash interface

ICMD/ Write dat:
FIFO

N Read Data
\ FIFO

AXI
CE::> Interface

FMC A
Control \r
Unit

) NOR Flash

The AXI interface of FMC can support read and write operation at the same time. The AXI

slave interface supports the following access types:
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B Flash memory single read operations supporting 1,2,4,8-byte.
B Flash memory incrementing burst read operations supporting size 1,2,4,8-byte; burst
length up to 128 bytes.
B Flash memory wrapped burst read operations supporting size 8-byte with 1,2,4,8-beat.
B Single write accesses supporting size 4,8-byte.
B Burst write accesses supporting size 8-byte with most 32-beat, and burst write with 4-
beat is most efficient.
B If using the burst write which supporting size 8-byte with multi-beat, only MDMA can be
used instead of DMA, otherwise unpredictable errors will occur;
B Write address must align with size.
B Address can not across 4K boundary in one burst read/write operation.
B All operations exclusive above description will generate a bus error, read operation return
zero, write operation is ignored.
The AHB slave interface supports 32-bit word accesses.
The flash memory consists of 3840KB main flash organized into 960 sectors with 4KB and
64KB information block. Each sector can be erased individually.
Table 3-1. GD32H7xx base address and size for flash memory shows the details of flash
organization
Table 3-1. GD32H7xx base address and size for flash memory
Block Name Address range Size(bytes)
Sector 0 0x0800 0000 - 0x0800 OFFF 4KB
Sector 1 0x0800 1000 - 0x0800 1FFF 4KB
Sector 2 0x0800 2000 - 0x0800 2FFF 4KB
Main flash block
Sector 959 0x083B F000 - 0x083B FFFF 4KB
Information
block Bootloader 0x1FFO 0000 - Ox1FFO FFFF 64KB
3.3.2. 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 AXI interface from the CPU.

FMC internal RTDEC function

FMC internal RTDEC function means that when reading data from Flash, it can be decrypted
in real time according to the EFUSE module's configuration of AES key. (Data written to Flash
is encrypted already). There have on-time decrypt function when AESEN bit in
EFUSE_USER_CTL register is set. This is implement by hardware on-time and invisible by
software. The AES key use AESKEYx[31:0] bits in EFUSE_AES KEYx to set. The
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3.3.3.

initialization vector AES_IV[127:0] = AESIV[95:0] || 12'b0 || ReadAddress[23:4]. User can
modify the high 96 bits of the initial vector (AESIV[95:0]) by modifying the FMC_AESIVx_MDF
register. The AESIV[95:0] is formed with [AESIV2, AESIV1,AESIV0]. When the initial vector
needs to be modified, user must write the FMC_ASIVO_MDF, FMC_ASIV1 MDF, and
FMC_ASIV2_MDF registers in sequence. After the FMC_AESIV2_MDF register is written,
the value in the FMC_ASIV0/1/2_MDF registers will be updated to the AES IV area.

The following steps show the AESIV[95:0] modification sequence.

1. Unlock the FMC_CTL register if necessary.

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

3.  Write the initialization vector AES_1V[32:63] into FMC_AESIVO_MDF, AES_IV[64:95]
into FMC_AESIV1_MDF, and AES_IV[96:127] into FMC_AESIV2_MDF register in
sequence;

4. Oncethe FMC_AESIV2_MDF register is written, the value in the FMC_AESIV0/1/2_MDF
register will be automatically updated to the AES IV area.

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

. Launch a system reset to start option bytes loading.
7. Read from FMC_AESIVx_EFT register and verify the values if required.

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.

NO-RTDEC function

Area can be configured without RTDEC function by FMC_NODEC, even if AESEN bit in
EFUSE_USER_CTL register is set.

Unlock the FMC_CTL and FMC_OBCTL register

After reset, the FMC_CTL register is not accessible in write mode, and the LK bitin FMC_CTL
register is 1. An unlocking sequence consists of two write operations to the FMC_KEY register
to open the access to the FMC_CTL register. The two write operations are writing
0x45670123 and 0xXCDEF89AB to the FMC_KEY register. After the two write operations, the
LK bit in FMC_CTL register is reset to 0 by hardware. The software can lock the FMC_CTL
again by setting the LK bitin FMC_CTL register to 1. Any wrong operations to the FMC_KEY,
set the LK bit to 1, and lock FMC_CTL register, and lead to a bus error. The FMC_OBCTL
registers are still protected even the FMC_CTL is unlocked. The unlocking sequence is two
write operations, which are writing 0x08192A3B and 0x4C5D6E7F to FMC_OBKEY register.
After the two write operations, the OBLK bit in FMC_OBCTL register is reset to 0 by hardware.
The software can lock the FMC_OBCTL again by setting the OBLK bit in FMC_OBCTL
register to 1.
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3.3.4.

Sector erase

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

1. Unlock the FMC_CTL register if necessary.
Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is
in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

3. Setthe SER bitin FMC_CTL register.

4. Write the sector address ADDR to FMC_ADDR register.

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

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

7. Read and verify the sector if required.

If a main flash sector contain DCRP, secure user or erase/program protected data, the sector
erase operation is stopped and the WPERR bit is set in the FMC_STAT register.

If mass erase and sector erase is request at the same time, the mass erase operation will
replace the sector erase operation.

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set. Note that
a correct target sector address must be confirmed. Or the software may run out of control if
the target erase sector is being used to fetch codes or to access data. The FMC will not
provide any notification when this occurs. Additionally, the sector erase operation will be
ignored on erase/program protected sectors. In this condition, a erase/program protection
error interrupt will be triggered by the FMC if the WPERRIE bit in the FMC_CTL register is
set. The software can check the WPERR bit in the FMC_STAT register to detect this condition
in the interrupt handler. Figure 3-2. Proccess of sector erase operation shows the sector

erase operation flow.

Figure 3-2. Proccess of sector erase operation
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Start
Is the LK bitis 0 mgc_kct?f —‘
Yes j
Y
No
Is the BUSY bitis 0
Set the SER bit, Write
ADDR bits
Y
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FMC by set START bit
v
No
Is the BUSY bitis 0
Finish
Note: When programming, erasing, especially the mass erasing, abnormal power off or reset
should be avoided as far as possible, otherwise unpredictable consequences may occur. If
there is a risk of power off and reset, avoid using protection-removed mass erasing.
Note: When modifying option bytes, do not power off or reset, otherwise it will damage the
flash data and have unpredictable consequences that may force the chip into secure mode.
Note: When programming and erasing data in the main flash block, do not power off or reset,
otherwise the data in the current sector may be damaged. After the next power on, user need
to erase the damaged sector before continuing to use it.
3.3.5. Mass erase

Typical mass erase

The FMC provides a typical mass erase function which is used to erase all sectors except
sectors contain secure user or protected data. This erase can affect by setting the MER bit to
1in the FMC_CTL register. The following steps show the typical mass erase register access
sequence.
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Unlock the FMC_CTL register if necessary.
Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is
in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

3. Setthe MER bit in the FMC_CTL register to enable mass erase operation.

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

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

6. Read and verify the flash memory if required.

If mass erase and sector erase is request at the same time, the mass erase operation will
replace the sector erase operation.

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set. Since all
flash data except sectors contain secure user or protected 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.

Figure 3-3. Process of typical mass erase operation shows the typical mass erase

operation flow.

Figure 3-3. Process of typical mass erase operation
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Note: When programming, erasing, especially the mass erasing, abnormal power off or reset
should be avoided as far as possible, otherwise unpredictable consequences may occur. If
there is a risk of power off and reset, avoid using protection-removed mass erasing.

Note: When modifying option bytes, do not power off or reset, otherwise it will damage the
flash data and have unpredictable consequences that may force the chip into secure mode.

Note: When programming and erasing data in the main flash block, do not power off or reset,
otherwise the data in the current sector may be damaged. After the next power on, user need
to erase the damaged sector before continuing to use it.

Protection-removed mass erase

The FMC provides a protection-removed mass erase function which is used to erase all
sectors include sectors contain secure user or protected data. This erase can affect by setting
the MER bit to 1 in the FMC_CTL register. The following steps show the protection-removed
mass erase register access sequence.

1. Unlock the FMC_OBCTL register if necessary.
2. If a DCRP area exists, set DCRP_EREN bit in FMC_DCRPADDR_MDF or in

FMC_DCRPADDR_EFT register. And set DCRP end address less than DCRP start
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address by programming DCRP_AREA END < DCRP_AREA START to
FMC_DCRPADDR_MDF register.

3. If a secure user area exists, set SCR_EREN bit in FMC_SCRADDR_MDF or in
FMC_SCRADDR_EFT register. And set secure user area end address less than secure
user area start address by programming SCR_AREA_END < SCR_AREA _START to
FMC_SCRADDR_MDF register.

4. Set all WP bits in FMC_WP_MDF register if any erase/program protected sector exists.

5. Unlock the FMC_CTL register if necessary.

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

7. Setthe MER bit in the FMC_CTL register to enable mass erase operation.

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

9. Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STAT register. The operation has erased the whole main flash memory including
the sectors containing DCRP-protected and/or secure user data. And the correspond
option bytes modified automatically performed for disable all the protections.

10. Read and verify the flash memory if required.

Note: (1) In the above sequence, except for the option bytes indicated above, other option
bytes cannot be modified. (2) Only if all the conditions in steps 3, 4, and 5 are satisfied, the
protection-removed mass erase will be performed. But if any of the steps are not met, only
the typical mass erase will be performed, and no error will be raised.

If mass erase and sector erase is request at the same time, the mass erase operation will
replace the sector erase operation.

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set. Since all
flash data will be modified to a value of OXFFFF_FFFF, the mass erase operation can be
implemented using a program that runs in SRAM or by using the debugging tool that accesses
the FMC registers directly.

Figure 3-4. Process of protection-removed mass erase operation shows the protection-
removed mass erase operation flow.

Figure 3-4. Process of protection-removed mass erase operation
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-
%

No
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/

No

Is the BUSY bitis 0
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Note: When programming, erasing, especially the mass erasing, abnormal power off or reset
should be avoided as far as possible, otherwise unpredictable consequences may occur. If
there is a risk of power off and reset, avoid using protection-removed mass erasing.
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3.3.6.

Note: When modifying option bytes, do not power off or reset, otherwise it will damage the
flash data and have unpredictable consequences that may force the chip into secure mode.

Note: When programming and erasing data in the main flash block, do not power off or reset,
otherwise the data in the current sector may be damaged. After the next power on, user need
to erase the damaged sector before continuing to use it.

Main flash Programming

The FMC provides a 64-bit/32-bit programming function by AXI interface which is used to
modify the main flash block contents. The following steps show the register access sequence
of the word programming operation.

1.  Unlock the FMC_CTL register if necessary.
Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is
in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

3. Setthe PG bit in FMC_CTL register.

4. Write the data to be programed with desired absolute address (0X08XX XXXX).

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

6. Read and verify the Flash memory if required.

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set. Note that
the PG bit must be set before the double-word/word programming operation, or else PGSERR
bit in the FMC_STAT register will be set, and an interrupt will be triggered by FMC if the
PGSERRIE bit in the FMC_CTL register is set. Additionally, the program operation will be
ignored on erase/program protected sectors and WPERR bit in FMC_STAT is set, and an
interrupt will be triggered by FMC if the WPERRIE bit in the FMC_CTL register is set. The
software can check the PGSERR or WPERR bit in the FMC_STAT register to detect which
condition occurred in the interrupt handler. Figure 3-5. Proccess of program operation
displays the word programming operation flow.

User can enable check whether the programming area is all 0xFF before programming by set
PGCHEN bit in FMC_CTL register. If the programming area is not all OxFF, the PGSERR in
the FMC_STAT register will be set.

If PGCHEN is set and burst program is enable, FMC will check the flash data according to
the burst size. If it is checked that the data is not all OxFF, this beat program is failed and
PGSERR bit in FMC_STAT register is set. But other beats can be written normally.

Figure 3-5. Proccess of program operation
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3.3.7.

Start

Is the LK bitis O

Unlock the FMC_CTL

Yes

M

No

Is the BUSY hit is O

Set the PG bit

Perform write

/

No
Is the BUSY bhit is O

Finish

Note: When programming, erasing, especially the mass erasing, abnormal power off or reset
should be avoided as far as possible, otherwise unpredictable consequences may occur. If
there is a risk of power off and reset, avoid using protection-removed mass erasing.

Note: When modifying option bytes, do not power off or reset, otherwise it will damage the
flash data and have unpredictable consequences that may force the chip into secure mode.

Note: When programming and erasing data in the main flash block, do not power off or reset,
otherwise the data in the current sector may be damaged. After the next power on, user need
to erase the damaged sector before continuing to use it.

Option bytes

Option bytes description

FMC provides two groups of option byte registers:
B " EFT" registers group ( read-only )

These registers store the effective value of the option bytes. After a option byte modification
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operation, system reset or wakeup from standby mode, the registers values will be
automatically loaded from non-volatile memory.

B " MDF" registers group ( read/write )

These registers store the modification of the option bytes. When user wants to modify the
option byte, the desired option byte value needs to be written to the register group.

The option bytes block is reloaded to " _EFT" registers after each system reset, and the option
bytes take effect. The option bytes description is shown in the Table 3-2. Option byte.The
option bytes are configured according to the requirements of the application.

Table 3-2. Option byte

Name Factory value Register map
[29]: IOSPDOPEN 0x0
[24]: DTCM1ECCEN Ox1
[23]: DTCMOECCEN 0x1
[22]: ITCMECCEN ox1
[21]: SCR 0x0
[18]: FWDGSPD_STDBY 0x1 FMC_OBSTATO_EFT/
[17]: FWDGSPD_DPSLP Ox1 FMC_OBSTATO_MDF
[15:8]: SPCJ[7:0] OxAA
[7]: NRST_STDBY ox1
[6]: NARST_DPSLP ox1
[4]: NWDG_HW ox1
[3:2]: BOR_TH[1:0] 0x0
[31]: DCRP_EREN 0x0
[26:16]: DCRP_AREA_END[10:0] 0x0 FMC_DCRPADDR_EFT/
FMC_DCRPADDR_MDF
[10:0]: DCRP_AREA_START[10:0] OXOFF
[31]: SCR_EREN 0x0
[26:16]: SCR_AREA_END[10:0] 0x000 FF%Z‘_?SZF;TDDDF;‘_E:F/
[10:0]: SCR_AREA_START[10:0] OXOFF
[21:0]: WP[21:0] Ox3FFFFFFF FMC_WP_EFT/
FMC_WP_MDF
[31:16]: BOOT_ADDR1[15:0] O0x1FFO FMC_BTADDR_EFT/
[15:0]: BOOT_ADDRO[15:0] 0x0800 FMC_BTADDR_MDF
[31:16]: DATA[15:0] 0x0
71 DTow_sz_sHrmanise] | o | FHC-OBSTATLEFT!
[3:0]: ITCM_SZ_SHRRAM[3:0] 0x7 - -

Option bytes modify

The following steps show the erase sequence.

1.
2.

Unlock the FMC_OBCTL register if necessary.
Check the BUSY bit in FMC_STAT register to confirm that no Flash memory operation
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is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

3. Write the desired option byte value in FMC_XXX_MDF.

4. Send the option bytes change command to the FMC by setting the OBSTART bit in
FMC_OBCTL register.

5. Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STAT register.
Launch a system reset to start option bytes loading.

7. Read from FMC_XXX_EFT register and verify the option bytes if required.

Note: “XXX” includes OBSTATO, DCRPADDR, SCRADDR, WP, BTADDR or OBSTAT1.

When the operation is executed successfully, the ENDF in FMC_STAT register is set, and an
interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.

If OBLK bit in the FMC_OBCTL register is set, the _MDF register is forbidden to modify. When
the OBSTART bit is set to 1, FMC will compare the effective value (_EFT) with a new value
(_MDF) to check whether have option byte needs to be changed.

Note: When modifying option bytes, do not power off or reset, otherwise it will damage the
flash data and have unpredictable consequences that may force the chip into secure mode.

Note: When programming and erasing data in the main flash block, do not power off or reset,
otherwise the data in the current sector may be damaged. After the next power on, user need
to erase the damaged sector before continuing to use it.

Option bytes modify rules

Some of the option bytes modification must respect specific rules. If one of the rules below is
not met, OBMERR flag is set and modification operation is stopped. If all rules below are met,
FMC starts to modify option byte and updates the EFT option byte register value.

B Security protection (SPC)

If SPC is set to level high, any option byte modification operation is forbidden. Therefore, if
the user application attempts to demote the SPC level, OBMERR flag is set and all
programmed modification will be ignored.

B Erase/program protection (WP)

These option bytes manage erase/program protection in the FMC_WP_EFT register. If the
SPC protection level is not level high, they can be modified without any restriction.

B DCRP area size (DCRP_AREA_START and DCRP_AREA_END)

The size of DCRP area can be increased without any restriction, but it must contain the
original DCRP area, which means DCRP_AREA START cannot be larger and
DCRP_AREA_END cannot be smaller.

When removing the DCRP area, the DCRP_EREN bit (in the FMC_DCRPADDR_EFT or
FMC_DCRPADDR_MDF register) must be set to 1, and a SPC level low to no protection
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demotion or a protection-removed mass erase must be performed simultaneously.

When reducing the size of DCRP area, the DCRP_EREN bit (in the FMC_DCRPADDR_EFT
or FMC_DCRPADDR_MDF register ) must be set to 1, and a SPC level low to no protection
demotion must be performed simultaneously.

Note: When removing or reducing the size of DCRP area by SPC level low to no protection
demotion, if the DCRP_EREN bits ( in the FMC_DCRPADDR_EFT and
FMC_DCRPADDR_MDF registers ) are both 0, an option byte modification error ( OBMERR )
will be generated.

B DCRP_EREN

If this option bit is set, the content of the corresponding DCRP area is erased during SPC
level low to no protection demotion or a protection-removed mass erase. Otherwise will be
preserved.

The DCRP_EREN bit can be set without any restriction. The DCRP_EREN bit can be reset
only when the SPC level low to no protection demotion or a protection-removed mass erase
is requested simultaneously. Otherwise OBMERR flag is set.

B Secure mode (SCR)

If there is no valid secure user area and no valid DCRP area, SCR option bit can be reset
freely. If a valid DCRP area or a valid secure user area exist, the only way to reset SCR option
bit is: to perform a SPC level low to no protection demotion when DCRP_EREN ( in
FMC_DCRPADDR_EFT or FMC_DCRPADDR_MDF register ) is setto 1 and SCR_EREN (in
FMC_SCRADDR_EFT or FMC_SCRADDR_MDF register ) is set to 1. Otherwise OBMERR
flag is set.

Note: It is recommended to make both SCR_AREA_START > SCR_AREA END and
DCRP_AREA_START > DCRP_AREA_END programmed when reset the SCR option bit
during an SPC level low to no protection demotion.

B Secure user area size (SCR_AREA_START and SCR_AREA_END)

GD secure libraries run on user secure applications or devices can modify them without any
restrictions.

For user non-secure applications, when removing the secure user area, the SCR_EREN bit
(in the FMC_SCRADDR_EFT or FMC_SCRADDR_MDF register) must be set to 1, and a
SPC level low to no protection demotion or a protection-removed mass erase must be
performed simultaneously.

Note: When removing or reducing the size of SCR area by SPC level low to no protection
demotion, if the SCR_EREN bits ( in the FMC_DCRPADDR_EFT and
FMC_DCRPADDR_MDF registers ) are both 0, an option byte modification error ( OBMERR )
will be generated.

m SCR_EREN
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3.3.8.

If SCR_EREN bit is set, the content of the corresponding secure user area is erased during
a SPC level low to no protection demotion or a protection-removed mass erase. Otherwise
the content is preserved.

The SCR_EREN bit can be set without any restriction. The SCR_EREN bits can be reset only
when the SPC level low to no protection demotion or a protection-removed mass erase is
requested simultaneously. Otherwise OBMERR flag is set.

Sector erase/program protection

The FMC provides sector erase/program protection functions to prevent inadvertent
operations on the Flash memory. The sector erase or program will not be accepted by the
FMC on protected sectors. If the sector erase or program command is sent to the FMC on a
protected sector, the WPERR bit in the FMC_STAT register will then be set by the FMC. Note
that the WPERR also set when sector erase while MER set or sector address not valid. The
sector protection function can be individually enabled by configuring the WP[21:0] bit field to
0 in the option bytes.

Table 3-3. WP bit for sectors protected

WP bit Sectors protected
WP[O] Sector 0~Sector 15
WPJ[1] Sector 16~Sector 31
WP[14] Sector 224~ Sector 239
WP[15] Sector 240~ Sector 255
WP[16] Sector 256~Sector 383
WP[17] Sector 384~Sector 511
WP[20] Sector 768~ Sector 895
WP[21] Sector 896~Sector 959

Note: For WP [x] (x=0 ... 15), 1 bit corresponds to 16 sectors, ranging from sector (x * 16) to
sector (x * 16 + 15). For WP [x] (x=17 ... 21), 1 bit corresponds to 128 sectors, from sector (x
*128-1792) ~ sector (x * 128-1665).

Erase/program protected sectors cannot either be deleted or programmed. Therefore, if a
sector is erase/program protected, mass erase cannot be performed unless a protection-
removed mass erase or a SPC level low to no protection demotion is performed.

When SPC is set to level high, WP[21:0] cannot be modified, else WP[21:0] can be modified
without any restrictions
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3.3.9.

Note: DCRP or secure user areas are erase/program protected.

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 or firmware from illegal users.
Security protection is global. Not only flash memory but also other secured regions are
protected. Other secured regions include backup SRAM (BKPSRAM), RTC backup registers
and encrypted regions protected by real-time decryption (RTDEC).There are 3 levels for
protecting.

No protection

When setting SPCJ[7:0] bits in FMC_OBSTATO_EFT to OxAA, no protection performed. The
main flash and option bytes block are accessible by all operations. And access to other
secured regions is also allowed.

Protection level low

When SPC_H in eFuse is 0, as long as setting SPC_L to 1 or SPCJ[7:0] option bits to any
value except OXAA or OxCC, protection level low performed. The main flash can only be
accessed by user code. In debug mode, boot from SRAM or boot from boot loader mode, all
operations to main flash or other secured regions (e.g. backup SRAM) is forbidden. If a read
operation is executed to main flash in debug mode, boot from SRAM or boot from boot loader
mode, a read protection error (RPERR) with bus error will be generated. If a program/erase
operation is executed to main flash in debug mode, boot from SRAM or boot from boot loader
mode, the WPERR bit in FMC_STAT register will be set. At protection level low, option bytes
block are accessible by all operations. If program back to no protection level by setting SPC
byte to OXAA, a erase events flash will be performed.

The SPC level low to no protection demotion will cause erase events below:

B For the main flash block sectors not belonging to DCRP / secure user area / WP, these
sectors will be mass erased.

B Erase / program protection sectors will be erased.

B For DCRP area, if both DCRP_EREN bits in FMC_DCRPADDR_EFT and
FMC_DCRPADDR_MDF are 0, the sectors belonging DCRP areas will not be erased.
Otherwise DCRP areas will be erased ( overlapped or not with secure-only area ).

B For secure user area, if both SCR_EREN bits in FMC_SCRADDR_EFT and FMC_
SCRADDR_MDF are 0, the sectors belonging secure-only areas will not be erased.
Otherwise secure-only areas will be erased ( overlapped or not with DCRP area ).

B Ifatleast one DCRP_EREN in FMC_DCRPADDR_EFT or FMC_DCRPADDR_MDF is 1,
and at least one SCR_EREN in FMC_SCRADDR_EFT or FMC_SCRADDR_MDF is 1,
the whole main flash block will be erased.

B The other secured regions ( such as backup SRAM ) are erased.
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3.3.10.

Note: the sector protections ( DCRP, secure user area) are removed only if the protected
sector boundaries are modified by the user application.

Protection level high

When SPC_H in the eFuse is 1 or the SPC option byte is set to OXCC, protection level high
performed. When this level is programmed, debug mode, boot from SRAM or boot from boot
loader mode are disabled. The main flash block is accessible by all operations from user code.
The user option bits can be read but can not be modified. And accesses to the other secured
areas are also allowed. The SPC byte cannot be reprogrammed. So, if protection level high
is programmed, it cannot move back to protection level low or no protection level.

The JTAG port is always disabled when level high is active. Therefore, it is impossible to
debug and analyze the defective parts with level high security protection. If security protection
level high is set while the debugger is still connected, apply a power on reset.

Note: (1) If SPC level setting in efuse macro is different from SPC level setting in option byte,
the SPC level depend on the higher level of the two settings. And SPC[7:0] bits in
FMC_OBSTATO_EFT register reflect the effective SPC level. (2)If SPC_L bit in efuse macro
is set, SPC level low to no protection demotion is forbidden. Otherwise OBMERR bit will be
set in FMC_STAT register.

User can configure the SPC protection level refer to Table 3-4. SPC protection level
configuration.

Table 3-4. SPC protection level configuration
EFUSE_USER_CTL | FMC_OBSTATO_MDF .
_ _ FMC_OBSTATO_EFT register
register register SPC level
SPC_H SPC_L SPCJ[7:0] SPCJ[7:0]
1 Oor1l Any value =0xCC Level high
Oor1l Oor1l 0xCC =0xCC Level high

0 1 Any value except 0xCC = OXFF Level low

Any value except 0xCC = SPC[7:0] value in
0 0 Level low
or OxAA FMC_OBSTATO_MDF register

0 0 OxAA = OxAA No protection

Dedicated code read protection area

In the main flash block, FMC can define executable-only areas, allowing only instruction
transactions from the system, but not data access.

Note: Users need to compile their native code accordingly, using the execution-only option
when apply executable-only area function.

One DCRP area can be defined by setting the DCRP_AREA _END[10:0] and
DCRP_AREA_START[10:0] option bytes with a granularity of 4 Kbytes. This means that the
actual DCRP area size is defined by:
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m [(DCRP_AREA_END[10:0] - DCRP_AREA_START[10:0] ) + 1] x 4Kbytes

As an example, to set a DCRP area on sector 0 to 15, the option bytes should be set as
follows:

m DCRP_AREA_START[10:0] = 0x000,
m DCRP_AREA_END[10:0] = 0x0OF,

So the DCRP size is:
B [(DCRP_AREA ENDI[10:0] - DCRP_AREA START[10:0] ) + 1] x 4Kbytes = 64 Kbytes.

The minimum DCRP area is 8Kbytes. The maximum DCRP area is the entire main flash block,
configured by setting the same value to the start and end addresses of the DCRP area.

When executing code in this area, the debug events will be ignored. Only CPU can access
DCRP area, using only instruction fetch transactions. In all other cases, access to the DCRP
area is illegal. For example, read operations will return 0 and a RPERR flag in FMC_STAT
register is set, and write operations will be ignored and a WPERR in FMC_STAT register is
set.

A valid DCRP area is erase-protected. Cannot erase sectors which located in this area. If a
valid DCRP area is setting, mass erase cannot be performed unless erase is performed during
the SPC level low to no protection demotion or protection-removed mass erase.

Only CPU can modify the DCRP area definition bits and DCRP_EREN bit. If DCRP area is
valid(not empty), during SPC level low to no protection demotion, ifin FMC_DCRPADDR_EFT
and FMC_DCRPADDR_MDF, the DCRP_EREN bits are both set to 0, the contents of the
DCRP area will not be erased, otherwise the contents will be erased.

Besides the option bytes, the DCRP area can also be configured by modifying the MCU
reserved parameter in efuse macro with granularity of 32KB bytes.

If the DCRPLK bit in MCU reserved parameter in efuse macro is 1 and
DCRP_AREA_ENDJ[7:0] and DCRP_AREA_START[7:0] in efuse macro is not all 0, DCRP
area is defined by the DCRP_AREA_END[7:0] and DCRP_AREA_START[7:0] bits in the
Efuse MCU reserved parameter. Otherwise, DCRP area is defined by the
DCRP_AREA_ENDI[10:0] and DCRP_AREA_START[10:0] bits in option bytes. For more
details, please refer to Table 3-5. DCRP area configuration.

Table 3-5. DCRP area configuration
DCRP area configure in DCRP area DCRPLK Effective

Option Byte configure in Efuse |configure in Efuse DCRP area

Start and end
0 Areal®
addresses are both 0.

Start and end
Areal 1 Areal®
addresses are both 0.

Area2® 0 Areal®
Area2® 1 Area?2
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3.3.11.

Note: (1) The start and end addresses of Area2 are not both 0. (2) If the DCRP area is defined
by Efuse, the value of DCRP_AREA START[10:0] in the FMC_DCRPADDR_MDF and
FMC_DCRPADDR_EFT registers is { DCRP_AREA _START[7:0] in Efuse, 3'b0 }, and the
value of DCRP_AREA_END[10:0] is { DCRP_AREA_END]I7:0] in Efuse, 3'b111 }.

If the DCRP area is decided by Efuse. The DCRP_AREA _ END[10:0] bits or
DCRP_AREA_START[10:0] bits in FMC_DCRPADDR _MDF register can not be modified. So
the DCRP area is fixed. The protection-removed erase will not work.

Note: (1) The DCRP configuration priority of efuse is higher than the flash option byte, so in
the product, if configure DCRP area by the option byte, the start and end address of the DCRP
area in efuse should be both set to 0, and the DCRPLK bit in efuse should be set to 1,
otherwise there may be vulnerability in the DCRP area. (2) If the user has security
considerations, please configure the DCRP area by efuse, otherwise there may be security
risks.

Secure user area

In the main flash block, FMC can define secure user areas which can only be accessed when
the CPU executes a secure application.

Secure user areas can isolate secure code from application non-secure code. Secure user
areas can be used to protect a custom secure boot library, firmware update code, or a third
party secure library.

One secure user area can be defined by setting the SCR_AREA_END and
SCR_AREA_START option bytes with a granularity of 4 Kbytes. This means that the actual
secure user area size is defined by:

m [(SCR_AREA _END[10:0] - SCR_AREA START[10:0] ) + 1] x 4Kbytes

As an example, to set a secure user area on sector 0, the option bytes should be set as
follows:

m  SCR_AREA START[10:0] = 0x000,
m  SCR_AREA_END[10:0] = Ox00F,

So the secure user size is:
[ SCR_AREA_ENDI[10:0] - SCR_AREA_START[10:0] ) + 1] x 4Kbytes = 64 Kbytes.

SCR_AREA_END[10:0] and SCR_AREA_START[10:0] option bytes can be modified by
CPUs running secure libraries or application secure code. But for user non-secure
applications, these option bytes can be modified only during SPC level low to no protection
demotion or a protection-removed mass erase.

The minimum secure user area is 8Kbytes. The maximum secure user area is the entire main
flash block, configured by setting the same value to the start and end addresses of the secure
user area.
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When executing code in this area, the debug events will be ignored. Only CPU can access it
by executing GD secure library or user secure application. In all other cases, accessing the
secure user area is illegal. For example, read operations will return 0 and a RSERR flag in
FMC_STAT register is set, and write operations will be ignored and a WPERR in FMC_STAT
register is set.

A valid secure user area is erase-protected. Cannot erase sectors located in this area.

Unless the application is executed from a valid secure user area, it is impossible to erase the
sector located in the area. If a valid secure user area is defined, mass erase cannot be
performed unless erase is performed during the SPC level low to no protection demotion or
protection-removed mass erase.

Only CPU can modify the secure user area definition bits and SCR_EREN bit. If secure user
area is valid ( not empty ), during the SPC level low to no protection demotion, if the
SCR_EREN bit in FMC_SCRADDR _EFT register and the SCR_EREN bit in
FMC_SCRADDR_MDF register are both set to 0, the contents of the secure user area will
not be erased, otherwise the contents will be erased.

Besides the option bytes, the secure user area can also be configured by modifying the User
control parameter in efuse macro with granularity of 32KB bytes.

If the SCRLK bit in User control parameter in efuse macro is 1 and SCR_AREA_END[7:0]
and SCR_AREA_START[7:0] in Efuse macro is not all O, secure user area is defined by the
SCR_AREA_ENDI7:0] and SCR_AREA_START][7:0] bits in the Efuse user control parameter.
Otherwise, secure user area is defined by the SCR_AREA_END[10:0] and
SCR_AREA_STARTI[10:0] bits in option bytes. For more details, please refer to Table 3-6.
Secure user area configuration.

Table 3-6. Secure user area configuration

Secure user area Secure user area SCRLK Effective
configure in Option Byte | configure in Efuse |configurein Efuse| Secure user area
Start and end
0 Areal®
addresses are both 0.
Start and end
Areal 1 Areal®
addresses are both 0.
Area2® 0 Areal®
Area2® 1 Area?2

Note: (1) The start and end addresses of Area2 are not both 0. (2) If the securie user area is
defined by Efuse, the value of SCR_AREA_START[10:0] in the FMC_SCRADDR_MDF and
FMC_SCRADDR_EFT registers is {SCR_AREA_START[7:0] in Efuse, 3'b0}, and the value
of SCR_AREA_END[10:0] is {SCR_AREA_END[7:0] in Efuse, 3'b111}.

If the secure user area is decided by Efuse. The SCR_AREA END[10:0] bits or
SCR_AREA_START[10:0] bits in FMC_SCRADDR_MDF register can not be modified. So the
Secure user area is fixed. The protection-removed erase will not work.
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3.3.12.

Note: (1) The secure configuration priority of efuse is higher than the flash option byte, so in
the product, if configure the secure user area by the option byte, the start and end address of
the secure user area in efuse should be both set to 0, and the SCRLK bit in efuse should be
set to 1, otherwise there may be vulnerability in the secure user area. (2) If the user has
security considerations, please configure the secure user area by efuse, otherwise there may
be security risks.

Secure mode

Security should be performed for some sensitive programs to avoid potentially malware
attacks. For example, licensed firmware update software requires highly protection because
it processes confidential data ( such as encryption keys ) that cannot get by other processes.

Secure areas with limited access is provided. In this area, secure services can be built that
can be executed before any user application. These secure areas and their included software
can be accessed only in secure mode. Figure 3-6. Memory architecture in standard mode

and secure mode shows the details of the area.

Figure 3-6. Memory architecture in standard mode and secure mode

Register Information Main flash block
access only block
et B Sat— N 8 )

Standard mode Option bytes Bootloader Application software

rom| Non- Secure user.
Secure mode Option bytes ROM| BSS Application software

area software

area
Bootloader Secure user

area

Secure user area is accessed once after reset, the area code is hidden after execution. Basic
security service is Gigadevice software to configure secure services. Secure user software is
located in secure user area and executed once after reset. Secure user software can be used
to implement secure boot and licensed firmware update.

Secure mode and secure user area can be configured by option bytes or efuse. User can set
the secure user area in the option byte by BSS to make the secure code and data be
configured in the secure user area.

In secure mode, secure firmware store in information block to support boot. Secure user
software is secure application code, data, or algorithms stored in main flash block.

If secure user area is not set, MCU will jump to the requested boot address which set by the
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3.3.13.

BOOT_ADDRO[15:0] option bits in FMC_BTADDR_EFT register.

In secure mode, regardless of the startup configuration ( BOOT pins and boot addresses ),
MCU will be forced to boot from secure ROM area.

Secure mode is enabled as long as one of the SCR bits in the Option byte or Efuse is set to
1. At this time, the SCR bit of the FMC_OBSTATO_EFT register is 1. And after the SCR bit is
enabled, a system reset is required to activate secure mode.

Standard mode can be returned when the SCR bit in option byte is 1 and the SCR bit in efuse
is 0. To return to standard mode, the secure area and DCRP area need to be removed before
or at the same time as the SCR option bit is cleared. For more details, please refer to the
modify rules of the relevant option bytes.

Note: If user has security considerations, please configure the secure mode by efuse,
otherwise there may be security risks.

Basic security service

BSS provides the secure area setting function and secure area exiting function.
B Secure area setting function

Secure area setting function is provided by Gigadevice to perform the initialization of secure
user area. In standard mode, user can directly call function (resetAndlnitializeSecureAreas)
to set the secure area, and other basic security services are not allowed to access.

The description of Table 3-7. Function resetAndInitializeSecureAreas is shown as below:

Table 3-7. Function resetAndInitializeSecureAreas

Function name resetAndlnitializeSecureAreas

Function prototype void resetAndInitializeSecureAreas(BSS_secure_area_struct area);
Set the range of the secure user area based on the SCR_AREA_START
and SCR_AREA_END option bytes.

Function descriptions

Precondition -

The called functions -

Input parameter{in}

area ‘ secure user area start address and end address

Output parameter{out}

Return value

Note: After the function is completed, a system reset is generated. This function is available
only when the secure user area is first set up. User must ensure that the correct secure
programs is exist in the target secure area to make it can exit to the standard programs,
otherwise it will cause chip scrap.
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B Secure area exiting function
Gigadevice provides a function ( exitSecureArea ) to exit from secure user software and jump
to user application. It can close secure user area to ensure that the content in secure user
area is no longer accessed.
The description of Table 3-8. Function exitSecureArea is shown as below:
Table 3-8. Function exitSecureArea
Function name exitSecureArea
Function prototype void exitSecureArea(unsigned int vectors, unsigned int jtagState);
Function descriptions exit from the secure user area and jump to the user application.
Precondition -
The called functions -
Input parameter{in}
vectors address of application vector to jump after exit secure user area.
Input parameter{in}
jtag_state status of the JTAG after exit secure user area.
BSS_EXIT_SCR_JTAG
_ENABLE enable the JTAG after exiting
BSS_EXIT_SCR_JTAG
 DISABLE Disable the JTAG after exiting
Output parameter{out}
‘ Return value
Note: After the function is completed, no system reset is generated. For security reasons,
users should disable cache before calling this function in a secure user area.
3.3.14. Error description

Erase/program protection error (WPERR)

The following erase operations will be rejected and the WPERR bit in the FMC_STAT register

will be set:

B Erase sectors in the valid DCRP area;

B Erase sectors in the valid secure user area (unless the application is executed from a
valid secure user area);

B Erase the valid erase / program protection sectors;

B Erase the area not belong to the main flash block.

The following program operations will be ignored and the WPERR bit in the FMC_STAT

register will be set:

B When SPC is protection level low, in debug mode, boot from SRAM or boot from

158



e

GigaDevice

GD32H737/757/759 User Manual

bootloader mode, program the main flash block.

B Program sectors in the valid DCRP area unless executing GD secure library;

B Program sectors in the valid secure user area unless executing user security code or GD
secure library;

® Program the valid erase/program protection sectors.

#® Program the area not belong to the main flash block.

If WPERRIE bit in FMC_CTL register is set to 1, an interrupt is generated when WPERR flag
is set. The software can clear it by writing 1.

Program sequence error (PGSERR)

The following operation will set the PGSERR in the FMC_STAT register, and the current
program operation is aborted:

B When a program operation is requested but the program enable bit (PG) has not been
setin FMC_CTL register

®  When PGCHEN bit is enable but the programming area is not all OxFF before
programming.

Note: If PGCHEN is set and burst program is enable, FMC will check the flash data according
to the burst size. If it is checked that the data is not all OxFF, this beat program is failed and
PGSERR is set. But other beats can be programmed normally.

If PGSERRIE bit in FMC_CTL register is set to 1, an interrupt is generated when PGSERR

flag is set. The software can clear it by writing 1.

Read protection error (RPERR)

When attempt a read operation to a DCRP, a SPC protected area, FMC will set the RPERR
in the FMC_STAT register, and the current read operation is aborted, but user can request a
new read operation.

If RPERRIE bit in FMC_CTL register is set to 1, an interrupt is generated when RPERR flag
is set. The software can clear it by writing 1.

Read secure error (RSERR)

When attempt a read operation to a secure user area, FMC will set the RSERR in the
FMC_STAT register, and the current read operation is aborted.

If RSERRIE bit in FMC_CTL register is set to 1, an interrupt is generated when RSERR flag
is set. The software can clear it by writing 1.

Option byte modify error (OBMERR)

When an error occurs during an option change operation, FMC will set the OBMERR flag in
the FMC_STAT register, and the current operation is aborted.
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3.3.15.

If OBMERRIE bit in FMC_CTL register is set to 1, an interrupt is generated when OBMERR

flag is set. The software can clear it by writing 1.

Hard fault errors

The following operation will generate a bus error:

B When SPC protection level low , in debug mode, boot from SRAM or boot from boot
loader mode, access main flash block.

B Access secure user area without correct access rights.
B Access address out of range.
B Any wrong sequence to unlock the FMC_CTL or FMC_OBCTL register.

FMC interrupts

The FMC interrupt events and flags are listed in Table 3-9 FMC interrupt requests.

Table 3-9 FMC interrupt requests

Flag Description Clear method Interrupt enable bit
ENDF End of operation ENDIE
WPERR Write protection error Write 1 to WPERRIE
PGSERR Program sequence error corresponding bit PGSERRIE
RPERR Read protection error in FMC_STAT RPERRIE
RSERR Read secure error register RSERRIE
OBMERR Option bytes modify error OBMERRIE
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3.4. Register definition
FMC base address: 0x5200 2000
3.4.1. Unlock key register (FMC_KEY)
Address offset: 0x04
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ KEY[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ KEY[15:0]
w
Bits Fields Descriptions
31.0 KEY[31:0] FMC_CTL unlock register
These bits are only be written by software.
Write KEY [31:0] with keys to unlock FMC_CTL register.
3.4.2. Option byte unlock key register (FMC_OBKEY)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OBKEY[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OBKEY[15:0]
Bits Fields Descriptions
31:.0 OBKEY[31:0] These bits are only be written by software.
Write OBKEY [31:0] with keys to unlock FMC_OBCTL register.
3.4.3. Control register (FMC_CTL)
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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 ‘RSERRIE‘RPERRIE‘ Reserved PGSERRIE WPERRIE‘ ENDIE ‘
rw w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ START ‘ Reserved ‘PGCHEN ‘ MER ‘ SER ‘ PG ‘ LK ‘
rs w w w w rs
Bits Fields Descriptions
31:25 Reserved Must be kept at reset value.
24 RSERRIE Read secure error interrupt enable.
This bit is set or cleared by software only when LK is set to 0.
0: Disable read secure error interrupt
1: Enable read secure error interrupt
23 RPERRIE Read protection error interrupt enable
This bit is set or cleared by software only when LK is set to 0
0: Disable read protection error interrupt
1: Enable read protection error interrupt
22:19 Reserved Must be kept at reset value.
18 PGSERRIE Program sequence error interrupt enable
This bit is set or cleared by software only when LK is set to 0
0: Disable program sequence error interrupt
1: Enable program sequence error interrupt
17 WPERRIE Erase/program protection error interrupt enable
This bit is set or cleared by software only when LK is set to O.
0: Disable erase/program error interrupt
1: Enable erase/program error interrupt
16 ENDIE End of operation interrupt enable
This bit is set or cleared by software when LK is set to O.
0: Disable end of operation interrupt
1: Enable end of operation interrupt
15:8 Reserved Must be kept at reset value.
7 START Send erase command to FMC
This bit is set by software to send erase command to FMC when LK is set to 0.
This bit is cleared by hardware when the BUSY bit is cleared.
6:5 Reserved Must be kept at reset value.
4 PGCHEN Check programming area enable

This bit is set or cleared by software only when LK is set to O
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3 MER

2 SER

0: Disable check whether the programming area is all OxFF before programming.
1: Enable check whether the programming area is all OXFF before programming.
If this bit is set, and the programming area is not all OXFF, PGSERR flag is set. And

the program operation is invalid.

Mass erase command bit

This bit is set or cleared by software when LK is set to 0.

0: No effect

1: Main flash mass erase command

If MER and SER are both set, FMC will perform a mass erase operation. Because
the priority of MER is higher than SER.

Sector erase command bit

This bit is set or clear by software when LK is set to 0.

0: No effect

1: Main Flash sector erase command

If MER and SER are both set, FMC will perform a mass erase operation. Because
the priority of MER is higher than SER.

Main Flash program command bit
This bit is set or clear by software when LK is set to 0.
0: No effect

1: Main Flash program command

FMC_CTL lock bit
This bit is cleared by hardware when right sequence written to the FMC_KEY
register. This bit can be set by software.

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

3.4.4. Status register (FMC_STAT)
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 OBMERR‘ Reserved ‘ RSERR ‘ RPERR ‘ Reserved ‘PGSERR‘ WPERR ‘ ENDF ‘
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved ’ BUSY ‘
r
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 OBMERR Option byte modify error flag .
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29:25

24

23

22:19

18

17

16

15:1

3.4.5.

Reserved

RSERR

RPERR

Reserved

PGSERR

WPERR

ENDF

Reserved

BUSY

This bit is set by hardware. The software can clear it by writing 1.
0: Disable option byte modify error
1: Enable option byte modify error

Must be kept at reset value.

Read secure error flag bit.

When access a secure user protected address, this bit is set by hardware. The
software can clear it by writing 1.

0: No read secure error occurs

1: Read secure error occurs

Read protection error flag bit.

When access address protected by DCRP or RDP, this bit is set by hardware. The
software can clear it by writing 1.

0: No read protection error occurs

1: Read protection error occurs

Must be kept at reset value.

Program sequence error flag bit.

When a program sequence error occurs, this bit is set by hardware. The software
can clear it by writing 1.

0: No program sequence error occurs

1: Program sequence error occurs

Erase/program protection error flag bit.

When a erase/program protection error occurs, this bit is set by hardware. The
software can clear it by writing 1.

0: No write protection error occurs

1: Write protection error occurs

End of operation flag bit.
When the operation executed successfully, this bit is set by hardware. The software

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

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.

Address register (FMC_ADDR)

Address offset: 0x14
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
‘ ADDR[31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ ADDR[15:0] ‘
w
Bits Fields Descriptions
31.0 ADDRJ[31:0] Flash erase command address bits
These bits are configured by software.
ADDR bits are the address of flash to be erased.
3.4.6. Option byte control register (FMC_OBCTL)
Address offset: 0x18
Reset value: 0x0000 0001
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 | OBMERRIE Reserved ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved OBSTART | OBLK ‘
rs rs
Bits Fields Descriptions
31 Reserved Must be kept at reset value.
30 OBMERRIE Option byte modify error interrupt enable.
This bit is set or cleared by software only when OBLK is set to O.
0: Disable option byte modify error interrupt
1: Enable option byte modify error interrupt
29:2 Reserved Must be kept at reset value.
1 OBSTART Send option byte change command to FMC bit.
This bit is set by software to send option byte change command to FMC only when
OBLK is set to 0.
This bit is cleared by hardware when the BUSY bit is cleared
0 OBLK FMC_OBCTL lock bit

This bit is cleared by hardware when right sequence written to FMC_OBKEY

register.
This bit can be set by software.
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3.4.7. Option byte status register 0 (FMC_OBSTATO0_EFT)
Address offset: 0x1C
Reset value: OxXXXX XXXX. Factory value is 0x01C6 AADO
This register is the effective values of corresponding option bits. Load flash values after reset.
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
|I0SPDOP DTCM1EC|DTCMOEC|ITCMECC FWDGSP | FWDGSP
Reserved Reserved SCR Reserved Reserved
EN CEN CEN EN D_STDBY|D_DPSLP
r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NRST_ST| nRST _ nWDG_H
SPC[7:0] Reserved BOR_TH[1:0] Reserved
DBY DPSLP w
r r r r r
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 IOSPDOPEN Allowed enable status bit for I/O speed optimization at low-voltage.
0: Chip operating voltage greater than 2.5V, so I/O speed optimization is not allowed
1: Chip operating voltage is less than 2.5V, so I/O speed optimization is allowed
28:25 Reserved Must be kept at reset value.
24 DTCM1ECCEN DTCM1 ECC function enable status bit
0: Disable CPU DTCM1 ECC function
1: Enable CPU DTCM1 ECC function
23 DTCMOECCEN DTCMO ECC function enable status bit
0: Disable CPU DTCMO ECC function
1: Enable CPU DTCMO ECC function
22 ITCMECCEN ITCM ECC function enable status bit
0: Disable CPU ITCM ECC function
1: Enable CPU ITCM ECC function
21 SCR Secure mode status bit
0: Disable secure mode.
1: Enable secure mode.
20:19 Reserved Must be kept at reset value.
18 FWDGSPD_STDBY FWDGT suspend option in standby mode status bit
0: FWDGT is suspend in system standby mode
1: FWDGT is running in system standby mode.
17 FWDGSPD_DPSLP FWDGT suspend option in deepsleep mode status bit
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0: FWDGT is suspend in system deepsleep mode
1: FWDGT is running in system deepsleep mode.
16 Reserved Must be kept at reset value.
15:8 SPCJ[7:0] Security protection level option byte status bits
O0xAA: No protection
0xCC: Protection level high
Any value except OXAA or OxCC: Protection level low.
7 nRST_STDBY Option byte standby reset status bit
0: Generates a reset instead of entering standby mode
1: No reset when entering standby mode.
6 nRST_DPSLP Option byte deepsleep reset status bit
0: Generates a reset instead of entering Deep-sleep mode
1: No reset when entering Deep-sleep mode
5 Reserved Must be kept at reset value.
4 nWDG_HW Watchdog status bit
0: Hardware free watchdog
1: Software free watchdog
3:2 BOR_THI[1:0] BOR threshold status bits
00: No BOR function
01: BOR threshold value 1
10: BOR threshold value 2
11: BOR threshold value 3
1.0 Reserved Must be kept at reset value.
3.4.8. Option byte status register 0 (FMC_OBSTATO0_MDF)
Address offset: 0x20
Reset value: OXXXXX XXXX
This register is used for modifying values to corresponding option bits. Values after reset is
the effective values of the corresponding option bits.
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
I0SPDOP DTCM1EC|DTCMOEC|ITCMECC FWDGSP | FWDGSP
Reserved Reserved SCR Reserved Reserved
EN CEN CEN EN D_STDBY|D_DPSLP
w w w w w w 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
nRST_ST [nRST_DP nWDG_H
SPC[7:0] Reserved BOR_TH[1:0] Reserved
DBY SLP w
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rw I\ I\ I\ rw w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 IOSPDOPEN Allowed enable configuration bit for I/O speed optimization at low-voltage.
0: Chip operating voltage greater than 2.5V, so I/O speed optimization is not allowed
1: Chip operating voltage is less than 2.5V, so I/O speed optimization is allowed
28:25 Reserved Must be kept at reset value.
24 DTCM1ECCEN DTCM1 ECC function enable configuration bit
0: Disabled CPU DTCM1 ECC function
1: Enabled CPU DTCM1 ECC function
23 DTCMOECCEN DTCMO ECC function enable configuration bit
0: Disabled CPU DTCMO0 ECC function
1: enabled CPU DTCMO ECC function
22 ITCMECCEN ITCM ECC function enable configuration bit
0: disabled CPU ITCM ECC function
1: enabled CPU ITCM ECC function
21 SCR Secure mode configuration bit
0: Disable secure mode.
1: Enable secure mode.
20:19 Reserved Must be kept at reset value.
18 FWDGSPD_STDBY FWDGT suspend option in standby mode configuration bit
0: FWDGT is suspend in system standby mode
1: FWDGT is running in system standby mode.
17 FWDGSPD_DPSLP FWDGT suspend option in deepsleep mode configuration bit
0: FWDGT is suspend in system deepsleep mode
1: FWDGT is running in system deepsleep mode.
16 Reserved Must be kept at reset value.
15:8 SPC[7:0] Security protection level option configuration bits
O0xAA: No protection
0xCC: Protection level high
Any value except OXxAA or OxCC: Protection level low.
7 nRST_STDBY Option byte standby reset configuration bit
0: Generates a reset instead of entering standby mode
1: No reset when entering standby mode
6 nRST_DPSLP Option byte deepsleep reset configuration bit

0: Generates a reset instead of entering deep-sleep mode
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1: No reset when entering deep-sleep mode
5 Reserved Must be kept at reset value.
4 nWDG_HW Watchdog configuration bit
0: Hardware free watchdog
1: Software free watchdog
3:2 BOR_THJ1:0] BOR threshold configuration bits
00: No BOR function
01: BOR threshold value 1
10: BOR threshold value 2
11: BOR threshold value 3
1.0 Reserved Must be kept at reset value.
3.4.9. DCRP address register (FMC_DCRPADDR_EFT)
Address offset: 0x28
Reset value: OXXXXX 0XXX. Factory value is 0x0000 O0OFF
This register is the effective values of corresponding option bits. Load flash values after reset
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
DCRP_E
Reserved DCRP_AREA_ENDJ[10:0]
REN
r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DCRP_AREA_START[10:0]
r
Bits Fields Descriptions
31 DCRP_EREN DCRP area erase enable status bit.
0: DCRP is not erased.
1: DCRP is erased when a SPC level low to no protection demotion or a protection-
removed mass erase occur.
30:27 Reserved Must be kept at reset value.
26:16 DCRP_AREA_END[1 DCRP area end address status bits

0:0]

These bits contain the last 4K-byte block of the DCRP area.

End absolute address = ( DCRP_AREA_ENDJ[10:0]+1) *4096 — 1 + 0x0800_0000.
If DCRP_AREA_END[10:0] = DCRP_AREA_START[10:0], DCRP protects the
whole main flash block.

If DCRP_AREA_END[10:0] < DCRP_AREA_START[10:0], protection is invalid.
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15:11 Reserved Must be kept at reset value.
10:0 DCRP_AREA_STAR DCRP area start address status bits
T[10:0] These bits contain the first 4K-byte block of the DCRP area.
Start absolute address = DCRP_AREA_START[10:0] * 4096 + 0x0800_0000.
If DCRP_AREA_END[10:0] = DCRP_AREA_START[10:0], DCRP protects the
whole main flash block.
If DCRP_AREA_END[10:0] < DCRP_AREA_START[10:0], protection is invalid.
3.4.10. DCRP address register (FMC_DCRPADDR_MDF)
Address offset: 0x2C
Reset value: OxXXXXX OXXX
This register is used for modifying values to corresponding option bits. Values after reset is
the effective values of the corresponding option bits.
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
DCRP_E
Reserved DCRP_AREA_END[10:0]
REN
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved DCRP_AREA_START[10:0]
w
Bits Fields Descriptions
31 DCRP_EREN DCRP area erase enable configuration bit.
0: DCRP is not erased.
1: DCRP is erased when a SPC level low to no protection demotion or a protection-
removed mass erase.
30:27 Reserved Must be kept at reset value.
26:16 DCRP_AREA_END[1 DCRP area end address configuration bits
0:0] These bits contain the last 4K-byte block of the DCRP area.
End absolute address = (DCRP_AREA_END[10:0] + 1) * 4096 — 1 + 0x0800_0000
If DCRP_AREA_ENDJ[10:0] = DCRP_AREA_START[10:0], DCRP protects the
whole main flash block.
If DCRP_AREA_END[10:0] < DCRP_AREA_START[10:0], protection is invalid.
15:11 Reserved Must be kept at reset value.
10:0 DCRP_AREA_STAR DCRP area start address configuration bits

T[10:0]

These bits contain the first 4K-byte block of the DCRP area.

Start absolute address = DCRP_AREA_START[10:0] * 4096 + 0x0800_0000.

If DCRP_AREA_ENDJ[10:0] = DCRP_AREA_START[10:0], DCRP protects the
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whole main flash block.
If DCRP_AREA_ENDJ[10:0] < DCRP_AREA_START[10:0], protection is invalid.

3.4.11. Secure address register (FMC_SCRADDR_EFT)

Address offset: 0x30
Reset value: OXXXXX 0XXX. Factory value is 0x0000 O0OFF

This register is the effective values of corresponding option bits. Load flash values after reset

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

SCR_ER
Reserved SCR_AREA_END[10:0]

EN

r r

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

Reserved SCR_AREA_START[10:0]
r
Bits Fields Descriptions
31 SCR_EREN Secure user area erase enable option status bit.
0: No action

1: The secure user area is erased when a SPC level low to no protection demotion

or a protection-removed mass erase.

30:27 Reserved Must be kept at reset value.
26:16 SCR_AREA_END[10 Secure user area end address status bits
:0] These bits contain the last 4K-byte block of the secure user area.

End absolute address = (SCR_AREA_END[10:0] + 1) * 4096 — 1 + 0x0800_0000
If SCR_AREA_END[10:0] = SCR_AREA_START[10:0], whole main flash block is
secure user area.

If SCR_AREA_END[10:0] < SCR_AREA_START[10:0], protection is invalid.

15:11 Reserved Must be kept at reset value.
10:0 SCR_AREA_START[ Secure user area start address status bits
10:0] These bits contain the first 4K-byte block of the secure user area.

Start absolute address = SCR_AREA_START[10:0] * 4096 + 0x0800_0000.

If SCR_AREA_END[10:0] = SCR_AREA_START[10:0], whole main flash block is
secure user area.

If SCR_AREA_END[10:0] < SCR_AREA_START[10:0], protection is invalid.

3.4.12. Secure address register (FMC_SCRADDR_MDF)

Address offset: 0x34
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Reset value: OxXXXX 0XXX

This register is used for modifying values to corresponding option bits. Values after reset is
the effective values of the corresponding option bits.

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

SCR_ER
Reserved SCR_AREA_ENDJ[10:0]

EN

w r

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

Reserved SCR_AREA_START[10:0]
r
Bits Fields Descriptions
31 SCR_EREN Secure user area erase enable option configuration bit.
0: No action

1: The secure user area is erased when a SPC level low to no protection demotion

or a protection-removed mass erase.

30:27 Reserved Must be kept at reset value.
26:16 SCR_AREA_END[10 Secure user area end address configuration bits
:0] These bits contain the last 4K-byte block of the secure user area.

End absolute address = (SCR_AREA_ENDJ[10:0] + 1) * 4096 — 1 + 0x0800_0000
If SCR_AREA_END[10:0] = SCR_AREA_START[10:0], whole main flash block is
secure user.

If SCR_AREA_END[10:0] < SCR_AREA_START[10:0], protection is invalid.

15:11 Reserved Must be kept at reset value.
10:0 SCR_AREA_START[ Secure user area start address configuration bits
10:0] These bits contain the first 4K-byte block of the secure user area.

Start absolute address = SCR_AREA_START[10:0] * 4096 + 0x0800_0000.

If SCR_AREA_END[10:0] = SCR_AREA_START[10:0], whole main flash block is
secure user.

If SCR_AREA_END[10:0] < SCR_AREA_START[10:0], protection is invalid.

3.4.13. Erase/program protection register (FMC_WP_EFT)

Address offset: 0x38
Reset value: OxXXXX XXXX .Factory value is 0x3FFF FFFF

This register is the effective values of corresponding option bits. Load flash values after reset

This register is 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
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‘ Reserved ‘ WP[21:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ WP[15:0]
r
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21:0 WP[21:0] Sector erase/program protection option status bit
In WP[21], each bit reflects the corresponding 64 sectors to erase/program
protection status.
0: corresponding 64 sectors are erase/program protected.
1: corresponding 64 sectors are not erase/program protected.
In WP[20:16], each bit reflects the corresponding 128 sectors to erase/program
protection status.
0: corresponding 128 sectors are erase/program protected.
1: corresponding 128 sectors are not erase/program protected.
In WP[15:0], each bit reflects the corresponding 16 sector to erase/program
protection status.
0: corresponding 16 sector is erase/program protected.
1: corresponding 16 sector is not erase/program protected.
3.4.14. Erase/program protection register (FMC_WP_MDF)
Address offset: 0x3C
Reset value: OxXXXXX XXXX
This register is used for modifying values to corresponding option bits. Values after reset is
the effective values of the corresponding option bits.
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 ‘ WP[21:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ WP[15:0]
w
Bits Fields Descriptions
31:22 Reserved Must be kept at reset value.
21:0 WP Sector erase/program protection option configuration bit

In WP[21], each bit can set the corresponding 64 sectors to erase/program

protection status.
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0: set corresponding 64 sectors to erase/program protected.
1: set corresponding 64 sectors to not erase/program protected.
In WP[20:16], each bit can set the corresponding 128 sectors to erase/program
protection status.
0: set corresponding 128 sectors to erase/program protected.
1: set corresponding 128 sectors to not erase/program protected.
In WP[15:0], each bit can set the corresponding 16 sector to erase/program
protection status.
0: set corresponding 16 sector to erase/program protected.
1: set corresponding 16 sector to not erase/program protected.
3.4.15. Boot address register (FMC_BTADDR_EFT)
Address offset: 0x40
Reset value: OxXXXX XXXX. Factory value is 0x1FF0 0800
This register is the effective values of corresponding option bits. Load flash values after reset
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
‘ BOOT_ADDR1[15:0]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ BOOT_ADDRO[15:0]
r
Bits Fields Descriptions
31:16 BOOT_ADDR1[15:0] Boot address 1 status bits
MSB of the boot address if BOOT pin is high.
15:0 BOOT_ADDRO[15:0] Boot address 0 status bits
MSB of the boot address if BOOT pin is low.
3.4.16. Boot address register (FMC_BTADDR_MDF)

31

30

Address offset: 0x44
Reset value: OxXXXX XXXX

This register is used for modifying values to corresponding option bits. Values after reset is

the effective values of the corresponding option bits.

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

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

17

16

BOOT_ADDR1[15:0]

rw

174



e

GigaDevice GD32H737/757/759 User Manual

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

‘ BOOT_ADDRO[15:0]

w

Bits Fields Descriptions

31:16 BOOT_ADDR1[15:0] Boot address 1 configuration bits.
Configure the MSB of boot address if the BOOT pin is high.

15:0 BOOT_ADDRO[15:0] Boot address 0 configuration bits.
Configure the MSB of the boot address if the BOOT pin is low.

3.4.17. Option byte status register 1 (FMC_OBSTAT1_EFT)

Address offset: 0x50
Reset value: OxXXXX 0XXX. Factory value is 0x0000 0087

This register is the effective values of corresponding option bits. Load flash values after reset

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[15:0]

r

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved DTCM_SZ_SHRRAM[3:0] ITCM_SZ_SHRRAM[3:0]
r r
Bits Fields Descriptions
31:16 DATA[15:0] User defined option byte data status value
15:8 Reserved Must be kept at reset value.
74 DTCM_SZ SHRRAM DTCM size of shared RAM status bits.
[3:0] DTCM + ITCM can not be more than 512Kbyte

0000: 0-byte DTCM
0001~0110: Reserved
0111: 64-Kbyte DTCM
1000: 128-Kbyte DTCM
1001: 256-Kbyte DTCM
1010: 512-Kbyte DTCM
1011~1111: Reserved

3.0 ITCM_SZ_