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1.

1.1.

System and memory architecture

The devices of GD32E50x series are 32-bit general-purpose microcontrollers based on the
Arm® Cortex ®-M33 processor. The Arm® Cortex®-M33 processor includes two AHB buses
known as Code and System buses. All memory accesses of the Arm® Cortex®-M33 processor
are executed on these two buses according to the different purposes and the target memory
spaces. The memory organization uses a Harvard architecture, pre-defined memory map and
up to 4 GB of memory space, making the system flexible and extendable.

Arm® Cortex®-M33 processor

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

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

A Nested Vectored Interrupt Controller (NVIC)

A Breakpoint Unit (BPU)

A Data Watchpoint and Trace (DWT)

A Instrumentation Trace Macrocell (ITM)

A Serial Wire JTAG Debug Port (SWJ-DP)

A Trace Port Interface Unit (TPIU)

A Memory Protection Unit (MPU)

A Floating Point Unit (FPU)

A DSP Extension (DSP)

Figure 1-1. The structure of the Cortex®-M33 processor shows the Cortex®-M33
processor block diagram. For more information, please refer to the Arm® Cortex®-M33
Technical Reference Manual.
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GigaDevice
Figure 1-1. The structure of the Cortex®-M33 processor
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1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32E50x devices, which enables parallel
access paths between multiple masters and slaves in the system. The multilayer bus consists
of an AHB interconnect matrix, one AHB bus and two APB buses. The interconnection
relationship of the AHB interconnect matri
the corresponding master is able to access the corresponding slave through the AHB
interconnect matrix, while the blank means the corresponding master cannot access the
corresponding slave through the AHB interconnect matrix.

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

CBUS | SBUS | DMAO | DMA1 | ENET |OTGHS

FMC 1 1 1 1
SRAM 1 1 1 1 1 1
AHB1 1 1 1
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CBUS | SBUS | DMAO | DMA1 | ENET |OTGHS

AHB2 1 1 1 1 1 1
APB1 1 1 1
APB2 1 1 1

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

There are also several slaves connected with the AHB interconnect matrix, including FMC,
SRAM, AHB1, AHB2, APB1 and APB2. FMC is the bus interface of the flash memory
controller. SRAM is on-chip static random access memories. AHB1 is the AHB bus connected
with all of the AHB slaves except EXMC and SQPI. AHB2 is the AHB bus connected with
EXMC and SQPI. While APB1 and APB2 are the two APB buses connected with all of the
APB slaves. The two APB buses connect with all the APB peripherals. APBL1 is limited to 90
MHz, APB2 operates at full speed (up to 180MHz depending on the device).

These are interconnected using a multilayer AHB bus architecture as shown in figure below:
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Figure 1-2. GD32E50x system architecture
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1.3. Memory map

The Arm® Cortex®-M33 processor is structured in Harvard architecture which can use
separate buses to fetch instructions and load/store data. Program memory, data memory,
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registers and I/O ports are organized within the same linear 4-Gbyte address space which is
the maximum address range of the Cortex®-M33 since the bus address width is 32-bit.
Additionally, a pre-defined memory map is provided by the Cortex®-M33 processor to reduce
the software complexity of repeated implementation of different device vendors. In the map,

some regions are used by the Arm® Cortex®-M33 system peripherals which can not be

modified. However, the other regions are available to the vendors. Table 1-2. Memory map
of GD32E50x devices shows the memory map of the GD32E50x 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 GD32E50x devices

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

Regions

Bus Address Peripherals
0x4002 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF RCU
0x4002 0CO00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF Reserved
0x4002 0400 - 0x4002 O7FF DMA1l
0x4002 0000 - 0x4002 03FF DMAO
0x4001 8400 - 0x4001 FFFF Reserved
0x4001 8000 - 0x4001 83FF SDIO
0x4001 7C00 - 0x4001 7FFF CMP
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF SHRTIMER
0x4001 7000 - 0x4001 73FF USART5
0x4001 6CO00 - 0x4001 6FFF Reserved
0x4001 6800 - 0x4001 6BFF Reserved
0x4001 5C00 - 0x4001 67FF Reserved
0x4001 5800 - 0x4001 5BFF Reserved
0x4001 5400 - 0x4001 57FF TIMER10
0x4001 5000 - 0x4001 53FF TIMER9
0x4001 4CO00 - 0x4001 4FFF TIMERS
0x4001 4800 - 0x4001 4BFF Reserved
0x4001 4400 - 0x4001 47FF Reserved
0x4001 4000 - 0x4001 43FF Reserved
0x4001 3CO00 - 0x4001 3FFF ADC2

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

Regions

Bus Address Peripherals
0x4000 CCO0O0 - 0x4000 FFFF Reserved
0x4000 CCO0O0 - 0x4000 CFFF Reserved
0x4000 C800 - 0x4000 CBFF CTC
0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF 12C2
0x4000 8CO00 - 0x4000 BFFF Reserved
0x4000 8800 - 0x4000 8BFF Reserved
0x4000 8400 - 0x4000 87FF USBSRAM_B
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7C00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PMU
0x4000 6CO00 - 0x4000 6FFF BKP
0x4000 6800 - 0x4000 6BFF Reserved
0x4000 6400 - 0x4000 67FF Reserved
0x4000 6000 - 0x4000 63FF USBD SRAMS12

bytes

0x4000 5C00 - 0x4000 5FFF USBD
0x4000 5800 - 0x4000 5BFF 12C1

APB1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4CO00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF 12S2_add
0x4000 3C00 - 0x4000 3FFF SPI2/12S2
0x4000 3800 - 0x4000 3BFF SPI1/12S1
0x4000 3400 - 0x4000 37FF 12S1_add
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2CO00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1CO00 - 0x4000 1FFF TIMER12
0x4000 1800 - 0x4000 1BFF TIMER11
0x4000 1400 - 0x4000 17FF TIMERG6
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0C00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
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Pre-defined
Regions Bus Address Peripherals
0x4000 0400 - 0x4000 O7FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x2007 0000 - Ox3FFF FFFF Reserved
0x2006 0000 - 0x2006 FFFF Reserved
SRAM AHB 0x2003 0000 - 0x2005 FFFF Reserved
0x2002 0000 - 0x2002 FFFF Reserved
0x2000 0000 - 0x2001FFFF SRAM
Ox1FFF F810 - Ox1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option Bytes
Ox1FFF FOOO - Ox1FFF F7FF
Ox1FFF C010 - Ox1FFF EFFF
Ox1FFF CO000 - Ox1FFF COOF Boot loader
Ox1FFF B0OOO - Ox1FFF BFFF
Ox1FFF 7800 - OX1FFF AFFF Reserved
Ox1FFF 7000 - OX1FFF 77FF OTP
Ox1FFF 0000 - OX1FFF 6FFF Reserved
Ox1FFE C010 - OX1FFE FFFF Reserved
Code AHB Ox1FFE CO000 - OX1FFE COOF Reserved
0x1001 0000 - OX1FFE BFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x083C 0000 - OXOFFF FFFF Reserved
0x0830 0000 - 0x083B FFFF Reserved
0x0808 0000 - 0x082F FFFF Reserved
0x0800 0000 - 0x0807 FFFF Main Flash
0x0030 0000 - Ox07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF Reserved
0x0008 0000 - 0x000F FFFF Reserved
0x0002 0000 - 0x0007 FFFF Aliased to Main Flash
0x0000 0000 - 0x0001 FFFF or Boot loader
1.3.1. On-chip SRAM memory
The GD32E50x series of devices contain up to 128 KB of on-chip SRAM which starts at the
address 0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) accesses.
1.3.2. On-chip flash memory overview

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

- Upto 512KB of main flash memory.
- Up to 18KB of information blocks for the boot loader.
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- Option bytes to configure the device.
Refer to Flash memory controller (FMC) Chapter for more details.

1.4. Boot configuration

The GD32E50x devices provide three kinds of boot sources which can be selected by the
BOOTO and BOOTL1 pins. The details are shown in the following table. The value on the two
pins is latched on the 4th rising edge of CK_SYS after a reset. It is up to the user to set the
BOOTO and BOOT1 pins after a power-on reset or a system reset to select the required boot
source. Once the two pins have been sampled, they are free and can be used for other
purposes.

Table 1-3. Boot modes

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

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

Due to the selected boot source, either the main flash memory (original memory space
beginning at 0x0800 0000) or the system memory (original memory space beginning at
Ox1FFF FOO0O0) is aliased in the boot memory space which begins at the address 0x0000 0000.
When the on-chip SRAM, whose memory space is beginning at 0x2000 0000, is selected as
the boot source, in the application initialization code, you have to relocate the vector table in
SRAM using the NVIC exception table and offset register.

The embedded boot loader is located in the System memory, which is used to reprogram the
Flash memory.

The embedded bootloader supports multi interfaces to update the Flash memory. There will
be one or two USART ports, and standard USB port can be used on GD32E50x line products.
The details are shown in the followingTable 1-4. Bootloader supported peripherals.

Table 1-4. Bootloader supported peripherals

Products line Products Supported serial peripherals
HD GD32E503xx USARTO(PA9 PA10)
USARTO(PA9 PA10)
XD GD32E503xx
USART1(PA2 PA3)
USARTO(PA9 PA10)
CL GD32E505xx

USART1(PD5 PD6)
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USB(PA9 PA11 PA12)
USARTO(PA9 PA10)
GD32E507xx USART1(PD5 PD6)
USB(PA9 PA11 PA12)
1.5. Device electronic signature
The device electronic signature contains memory size information and the 96-bit unique
device ID. It is stored in the information block of the Flash memory. The 96-bit unique device
ID is unique for any device. It can be used as serial numbers, or part of security keys, etc.
1.5.1. Memory density information
Base address: Ox1FFF F7EO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SRAM_DENSITY[15:0]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLASH_DENSITY[15:0]
r
Bits Fields Descriptions
31:16 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.
Example: 0x0080 indicates 128 Khytes.
15:0 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0200 indicates 512 Kbytes.
1.5.2. Unique device ID (96 bits)
Base address: Ox1FFF F7E8
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

UNIQUE_ID[15:0]

r
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Bits Fields Descriptions
31.0 UNIQUE_ID[31:0] Unique device ID
Base address: Ox1FFF F7EC
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[63:48]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[47:32]
r
Bits Fields Descriptions
31:.0 UNIQUE_ID[63:32] Unique device ID
Base address: Ox1FFF F7FO
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[95:80]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[79:64]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[95:64] Unique device ID
1.6. System configuration registers
Base address: 0x4002 103C
Reset value: 0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ CEE ’ Reserved
w
Bits Fields Descriptions
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31:8 Reserved Must be kept at reset value.
7 CEE Code execution efficiency
0 Default code execution efficiency
1" Code execution efficiency enhancement
6:0 Reserved Must be kept at reset value.
NOTE:
1. Only bit[7] can be read-modify-write, other bits are not permitted.
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2. Flash memory controller (FMC)
2.1. Overview
The flash memory controller, FMC, provides all the necessary functions for the on-chip flash
memory. A little waiting time is needed while CPU executes instructions stored from the 512K
bytes of the flash. It also provides page erase, mass erase, and program operations for flash
memory.
2.2. Characteristics
A Up to 512KB of on-chip flash memory for instruction and data.
A 0~4 waiting time within 512KB bytes when CPU executes instructions.
A Pre-fetch buffer to speed read operations.
A IBUS cache with 2K bytes which organized as 64 cache line of 2 X 128 bits.
A DBUS cache with 256 bytes which organized as 8 cache line of 2 X 128 bits.
A The flash page size is 8KB.
A Word/Half-word programming, page erase and mass erase operation.
A 2KB OTP(one-time program) block used for user data storage.
A 16B option bytes block for user application requirements.
A Option bytes are uploaded to the option byte control registers when the system is reset.
A Flash security protection to prevent illegal code/data access.
A Page erase/program protection to prevent unexpected operation.
2.3. Function overview
2.3.1. Flash memory architecture

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

Table 2-1. GD32E50x_HD and GD32E50x_CL base address and size for flash memory

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

Main flash block

Page 63 0x0807 EO0O - 0x0807 FFFF 8KB
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Block Name Address range size(bytes)
Information |GD32E50x_HD Ox1FFF EOOO- OX1FFF F7FF 6KB
block GD32E50x_CL Boot loader area Ox1FFF BO0O- OX1FFF F7FF 18KB
Option bytes block Option bytes Ox1FFF F800 - Ox1FFF F80F 16B
One-time program block OTP bytes Ox1FFF_7000~0x1FFF_77FF 2KB
Note: The information block stores the boot loader. This block cannot be programmed or
erased by user.
2.3.2. Read operations

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

Wait state added:

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

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

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

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

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

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

Because the wait state is added, the read efficiency is very low (such as, add 4 wait state
when 180MHz). In order to speed up the read access, there are some functions performed.
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2.3.3.

Current buffer:

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

Pre-fetch buffer:

The pre-fetch buffer is enabled by set the PFEN bit in the FMC_WS register. The pre-fetch
buffer is only performed on IBUS. In the case of sequential code, when CPU execute the
current buffer data (128-bit), 32-bit needs at least 4 clocks and 16-bit needs at least 8 clocks.
In this case, pre-fetch the data of next double-word address from flash memory and store to
pre-fetch buffer. So when the CPU finish the current buffer and need execute the next data,
the pre-fetch buffer hit.

IBUS cache:

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

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

DBUS cache:

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

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

Unlock the FMC_CTL register

After reset, the FMC_CTL register is not accessible in write mode, and the LK bit in the
FMC_CTL register is reset to 1. An unlocking sequence consists of two write operations to
the FMC_KEY register to open the access to the FMC_CTL register. The two write operations
are writing 0x45670123 and OxCDEF89AB to the FMC_KEY register. After the two write
operations, the LK bit in the FMC_CTL register is reset to 0 by hardware. The software can
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2.3.4.

lock the FMC_CTL again by setting the LK bit in the FMC_CTL register to 1. Any wrong
operations to the FMC_KEY, will set the LK bit to 1, and lock the FMC_CTL register, and lead
to a bus error.

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

Page erase

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

A Unlock the FMC_CTL register if necessary.

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

A Setthe PER bit in the FMC_CTL register.

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

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

A Wait until all the operations have finished by checking the value of the BUSY bit in the

FMC_STAT regqister.
A Read and verify the page using a DBUS access if required.

When the operation is executed successfully, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
Note that a correct target page address must be confirmed. Otherwise, the software may run
out of control if the target erase page is being used to fetch codes or access data. The FMC
will not provide any notification when that happens. Additionally, the page erase operation will
be ignored on erase/program protected pages. In this condition, a flash operation error
interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. The
software can check the WPERR bit in the FMC_STAT register to detect this condition in the
interrupt handler. The following figure shows the page erase operation flow.
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2.3.5.

Figure 2-1. Process of page erase operation

Start

Is the LK bitis 0 Unlock the FMC_CTL

Is the BUSY bitis 0

Set the PER bit, Write
FMC_ADDR

A

Send the command to
FMC by set START bit

/

No

Is the BUSY bitis 0

Yes
A\

Finish

Mass erase

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

A Unlock the FMC_CTL register if necessary.

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

A Setthe MER bit in the FMC_CTL register if erase entire flash.

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

A Wait until all the operations have been finished by checking the value of the BUSY bit in

the FMC_STAT register.
A Read and verify the flash memory using a DBUS access if required.

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

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

The FMC provides a 32-bit word/16-bit half word programming function by DBUS which is
used to modify the main flash memory contents. While actually, the data program to flash
memory is 32-bits.

The following steps show the register access sequence of the programming operation.

52



Z

GigaDevice

GD32E50x User Manual

A Unlock the FMC_CTL register if necessary.

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

A Setthe PG bit in the FMC_CTL register.

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

If DBUS program is 32-bit word, the DBUS write once and the data program to flash
memory. The data to be programed must word alignment.
If DBUS program is 16-bit, the DBUS write twice to form a 32-bit data and then the 32-
bit data program to flash memory. The data to be programed must word alignment.
For less program time, suggest the DBUS program use 32-bit-

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

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

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

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

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

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

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

Note: If the program is not write total 32bits, the data is not program to the flash memory
without any notice.

In these conditions, a flash operation error interrupt will be triggered by the FMC if the ERRIE
bit in the FMC_CTL register is set. The software can check the PGERR bit, PGAERR bit or
WPERR bit in the FMC_STAT register to detect which condition occurred in the interrupt
handler. The following figure shows the word programming operation flow.
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Figure 2-3. Process of word program operation
Start
Is the LK hitis O Unlock the FMC_CTL
Is the BUSY bit is 0
Set the PG bit
\i
Perform word/half word
write by DBUS
v
No
Is the BUSY bit is 0
Finish
Note: Reading the flash should be avoided when a program/erase operation is ongoing in the
same bank. And flash memory accesses will fail if the CPU enters the power saving modes.
2.3.7. OTP programming
The OTP programming method is same as the main flash programming. The OTP block can
only be programed once and cannot be erased.
Note: It must ensure the OTP programming sequence completely without any unexpected
interrupt, such as system reset or power down. If unexpected interrupt occurs, there is very
little probability of corrupt the data stored in flash memory.
2.3.8. Option bytes erase

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

>

Unlock the FMC_CTL register if necessary.

>

Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation
is in progress (BUSY equal to 0). Otherwise, wait until the operation has finished.
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A Unlock the option bytes operation bits in the FMC_CTL register if necessary.
A Wait until the OBWEN bit is set in the FMC_CTL register.
A Setthe OBER bit in the FMC_CTL register.
A Send the option bytes erase command to the FMC by setting the START bit in the
FMC_CTL register.
A Wait until all the operations have been finished by checking the value of the BUSY bit in
the FMC_STAT register.
A Read and verify the flash memory using a DBUS access if required.
When the operation is executed successful, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
2.3.9. Option bytes modify
The FMC provides an erase / program function which is used to modify the option bytes block
in flash. There are 8 pairs of option bytes. The MSB is the complement of the LSB in each
pair. When the option bytes are modified, the MSB is generated by FMC automatically, not
the value of input data. The following steps show the erase sequence.
A Unlock the FMC_CTL register if necessary.
A Check the BUSY bitin the FMC_STAT register to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.
A Unlock the option bytes operation bits in the FMC_CTL register if necessary.
A Wait until the OBWEN bit is set in the FMC_CTL register.
A Setthe OBPG bit in the FMC_CTL register.
A A 32-bit word/16-bit half word write at desired address by DBUS. The write method is
similar to main flash programming.
A Wait until all the operations have been finished by checking the value of the BUSY bit in
the FMC_STAT register.
A Read and verify the flash memory if required using a DBUS access.
When the operation is executed successfully, the ENDF bit in the FMC_STAT register is set,
and an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTL register is set.
Note that there programming errors may occur. The PGERR bit and PGAERR bit can be set
which is similar to main flash programming.
The modified option bytes only take effect after a system reset.
2.3.10. Option bytes description

The option bytes block is reloaded to the FMC_OBSTAT and FMC_WP registers after each
system reset, then the option bytes take effect. The complement option bytes are the opposite
of the option bytes. When reload the option bytes, if the complement option byte and option
byte do not match, the OBERR bit in the FMC_OBSTAT register will be set, and the option
byte will be set to OxFF. The OBERR bit will not be set if both the option bytes and its
complement bytes are OxFF.The following table shows the detail of option bytes.
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Table 2-3. Option bytes

Address Name Description
option bytes security protection value
Ox1fff 800 spcC 0xA5 : no security protection
any value except OxA5 or OXCC : protection level low
0xCC : protection level high
Ox1fff f801 SPC_N SPC complement value
[7:6]: BOR_TH (Brown out reset threshold)
00: BOR Level 3, brownout threshold level 3
01: BOR Level 2, brownout threshold level 2
10: BOR Level 1, brownout threshold level 1
11: BOR off
[5:3]: reserved
[2]: NRST_STDBY
Ox1fff f802 USER 0: generate a reset instead of entering standby mode
1: no reset when entering standby mode
[1]: NRST_DPSLP
0: generate a reset instead of entering deep-sleep mode
1: no reset when entering deep-sleep mode
[0]: \WDG_HW
0: hardware free watchdog
1: software free watchdog
Ox1fff f803 USER_N USER complement value
Ox1fff f804 DATA[7:0] user defined data bit 7 to 0
Ox1fff f805 DATA_N[7:0] DATA complement value bit 7 to 0
Ox1fff f806 DATA[15:8] user defined data bit 15 to 8
Ox1fff f807 DATA_NJ[15:8] DATA complement value bit 15 to 8
Page erase/program protection bit 7 to 0
Ox1fff f808 WP[7:0] 0: protection active
1: unprotected
Ox1fff f809 WP_NI7:0] WP complement value bit 7 to 0
0x1fff f80a WP[15:8] Page erase/program protection bit 15 to 8
0x1fff f80b WP_NJ[15:8] WP complement value bit 15 to 8
O0x1fff f80c WP[23:16] Page erase/program protection bit 23 to 16
Ox1fff f80d WP_N[23:16] WP complement value bit 23 to 16
Page erase/program protection bit 31 to 24
WP[30:24]: Each bit is related to 8KB flash protection.
Ox1fff f80e WP[31:24] These bits totally controls the first 248KB flash protection.
WP[31]: Bit 31 controls the protection of the rest flash
memory.
Ox1fff f80f WP_N[31:24] WP complement value bit 31 to 24
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2.3.11. Page erase / program protection
The FMC provides page erase/program protection functions to prevent inadvertent operations
on the flash memory. The page erase or program will not be accepted by the FMC on
protected pages. If the page erase or program command is sent to the FMC on a protected
page, the WPERR bit in the FMC_STAT register will be set by the FMC. If the WPERR bit is
set and the ERRIE bit is also set to 1 to enable the corresponding interrupt, then the flash
operation error interrupt will be triggered by the FMC to draw the attention of the CPU. The
page protection function can be individually enabled by configuring the WP [31:0] bit field to
0 in the option bytes. If a page erase operation is executed on the option bytes block, all the
flash Memory page protection functions will be disabled. When WP in the option bytes is
modified, then a system reset is necessary.
Table 2-4. OB_WP bit for pages protected
OB_WP bit pages protected
OB_WPI[0] page 0
OB_WPI1] page 1
OB_WPI[2] page 2
OB_WP[30] page 30
OB_WP[31] page 31 ~ page 63
2.3.12. Security protection

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

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

Protection level low: when setting SPC byte value to any value except 0xA5 or OxCC, the low
security protection is performed. Note that a power reset should be followed instead of a
system reset if the SPC modification has been performed while the debug module is still
connected to JTAG/SWD device. Under the low security protection, the main flash can only
be accessed by user code and the first 8KB flash is under erase/program protection. In debug
mode, boot from SRAM or boot loader mode, all operations to main flash is forbidden. If a
read operation to main flash in debug mode, boot from SRAM or boot loader mode, a bus
error will be generated. If a program/erase operation to main flash in debug mode, boot from
SRAM or boot from boot loader mode, the WPERR bit in the FMC_STAT register will be set.
Option bytes block are accessible by all operations, which can be used to disable the security
protection. Back to no protection level by setting SPC byte and its complement value to
0x5AA5, then a mass erase for main flash will be performed.
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Protection level high: when setting SPC byte 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 SPC byte
cannot be reprogrammed. So, if protection level high is programmed, it cannot move back to
protection level low or no protection level.

2.4. Register definition
FMC base address: 0x4002 2000

2.4.1. Wait state register (FMC_WS)

Address offset: 0x00
Reset value: 0x0000 0630
This register has to be accessed by word (32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved

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

‘ Reserved ‘ DCRST ‘ ICRST ‘ DCEN ‘ ICEN ’ Reserved ‘ PFEN | Reserved WSCNTI[2:0]

w w w w w w

Bits Fields Descriptions

31:13 Reserved Must be kept at reset value.

12 DCRST DBUS cache reset. This bit can be write only when DCEN is set to 0.

0: No effect
1: DBUS cache reset
11 ICRST IBUS cache reset. This bit can be write only when ICEN is set to 0.
0: No effect
1: IBUS cache reset
10 DCEN DBUS cache enable
0: DBUS cache disable
1: DBUS cache enable
9 ICEN IBUS cache enable
0: IBUS cache disable
1: IBUS cache enable
8:5 Reserved Must be kept at reset value.
4 PFEN Pre-fetch enable

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

w
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Bits Fields Descriptions
31.0 OBKEY[31:0] FMC_CTL option bytes operation unlock register

These bits are only be written by software.
Write OBKEY[31:0] with keys to unlock option bytes command in the FMC_CTL
register.

2.4.4. Status register (FMC_STAT)

Address offset: 0x0C
Reset value: 0x0000 0000

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

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

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

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

can clear it by writing 1.

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

2 PGERR Program error flag bit
When program to the flash while it is not OXFFFF, this bit is set by hardware. The

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

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

an error is generated, this bit is cleared to 0.
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