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1. System and memory architecture 

The devices of GD32F4xx series are 32-bit general-purpose microcontrollers based on the 

ARM® CortexÊ-M4 processor. The ARM® CortexÊ-M4 processor includes three AHB buses 

known as I-Code, D-Code and System buses. All memory accesses of the ARM® CortexÊ-

M4 processor are executed on the three buses according to the different purposes and the 

target memory spaces. The memory organization uses a Harvard architecture, pre-defined 

memory map and up to 4 GB of memory space, making the system flexible and extendable.  

1.1. ARM Cortex-M4 processor 

The CortexÊ-M4 processor is a 32-bit processor that features floating point arithmetic 

functionality, low interrupt latency and low-cost debug. Integrated and advanced features 

make the CortexÊ-M4 processor suitable for market products that require microcontrollers 

with high performance and low power consumption. The CortexÊ-M4 processor is based on 

the ARMv7 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 

CortexÊ-M4: 

Â Internal Bus Matrix connected with I-Code bus, D-Code bus, System bus, Private 

Peripheral Bus (PPB) and debug accesses  

Â Nested Vectored Interrupt Controller (NVIC) 

Â Flash Patch and Breakpoint (FPB) 

Â Data Watchpoint and Trace (DWT) 

Â Instrumentation Trace Macrocell (ITM) 

Â Embedded Trace Macrocell (ETM) 

Â Serial Wire JTAG Debug Port (SWJ-DP) 

Â Trace Port Interface Unit (TPIU) 

Â Memory Protection Unit (MPU) 

Â Floating Point Unit (FPU) 

The following figure shows the CortexÊ-M4 processor block diagram. For more information, 

refer to the ARM® CortexÊ-M4 Technical Reference Manual. 
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Figure 1-1. The structure of the CortexÊ-M4 processor 

 

1.2. System architecture 

A 32-bit multilayer bus is implemented in the GD32F4xx devices, which enables parallel 

access paths between multiple masters and slaves in the system. The multilayer bus consists 

of an AHB interconnect matrix, two AHB buses and two APB buses. The interconnection 

relationship of the AHB interconnect matrix is shown below. In the following table, ñ1ò indicates 

the corresponding master is able to access the corresponding slave through the AHB 

interconnect matrix, while the blank means the corresponding master cannot access the 

corresponding slave through the AHB interconnect matrix.  

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

 IBUS DBUS SBUS DMA0M DMA0P DMA1M DMA1P ENET TLI USBHS IPA 

FMC-I 1                     

FMC-D   1   1   1 1 1 1 1 1 

TCMSRAM   1                   

SRAM0 1 1 1 1   1 1 1 1 1 1 

SRAM1     1 1   1 1 1 1 1 1 
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 IBUS DBUS SBUS DMA0M DMA0P DMA1M DMA1P ENET TLI USBHS IPA 

SRAM2     1 1   1 1 1 1 1 1 

ADDSRAM 1 1 1 1   1 1 1 1 1 1 

EXMC 1 1 1 1   1 1 1 1 1 1 

AHB1     1   1 1 1         

AHB2     1     1 1         

APB1     1   1 1 1         

APB2     1   1 1 1         

As is shown above, there are eleven masters connected with the AHB interconnect matrix, 

including IBUS, DBUS, SBUS, DMA0M, DMA0P, DMA1M, DMA1P, ENET, TLI, USBHS and 

IPA. IBUS is the instruction bus of the CortexÊ-M4 core, which is used for instruction/vector 

fetches from the Code region (0x0000 0000 ~ 0x1FFF FFFF). DBUS is the data bus of the 

CortexÊ-M4 core, which is used for loading/storing data and also for debugging access of 

the Code region. Similarly, SBUS is the system bus of the CortexÊ-M4 core, which is used 

for instruction/vector fetches, data loading/storing and debugging access of the system 

regions. The System regions include the internal SRAM region and the Peripheral region. 

DMA0M and DMA1M are the memory buses of DMA0 and DMA1 respectively. DMA0P and 

DMA1P are the peripheral buses of DMA0 and DMA1 respectively. ENET is the Ethernet. TLI 

is the TFT LCD interface. USBHS is the high-speed USB. And IPA is the image processing 

accelerator.  

There are also twelve slaves connected with the AHB interconnect matrix, including FMC-I, 

FMC-D, TCMSRAM, SRAM0, SRAM1, SRAM2, ADDSRAM, EXMC, AHB1, AHB2, APB1 and 

APB2. FMC-I is the instruction bus of the flash memory controller, while FMC-D is the data 

bus of the flash memory controller. TCMSRAM is the tightly-coupled memory SRAM, which 

can be accessed only by the DBUS. SRAM0, SRAM1 and SRAM2 are on-chip static random 

access memories. ADDSRAM is the additional SRAM, which is available only in some 

particular GD32F4xx devices. EXMC is the external memory controller. AHB1 and AHB2 are 

the two AHB buses connected with all of the AHB slaves, while APB1 and APB2 are the two 

APB buses connected with all of the APB slaves.  

The system architecture of GD32F4xx devices is shown below.  
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Figure 1-2. The system architecture of GD32F4xx devices 
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1.3. Memory map 

The ARM® CortexÊ-M4 processor is structured in Harvard architecture which can use 

separate buses to fetch instructions and load/store data. The instruction code and data are 

both located in the same memory address space but in different address ranges. Program 

memory, data memory, registers and I/O ports are organized within the same linear 4-Gbyte 

address space which is the maximum address range of the CortexÊ-M4 since the bus 

address width is 32-bit. Additionally, a pre-defined memory map is provided by the CortexÊ-

M4 processor to reduce the software complexity of repeated implementation of different 

device vendors. In the map, some regions are used by the ARMÈ CortexÊ-M4 system 

peripherals which can not be modified. However, the other regions are available to the 

vendors The following table shows the memory map of the GD32F4xx 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 GD32F4xx devices 

Pre-defined 

Regions 
Bus Address Peripherals 

External 

Device 
AHB 

matrix 

0xC000 0000 - 0xDFFF FFFF EXMC - SDRAM 

0xA000 1000 - 0xBFFF FFFF Reserved 

0xA000 0000 - 0xA000 0FFF EXMC - SWREG 

External 

RAM 

0x9000 0000 - 0x9FFF FFFF EXMC - PC CARD 

0x7000 0000 - 0x8FFF FFFF EXMC - NAND 

0x6000 0000 - 0x6FFF FFFF EXMC - NOR/PSRAM/SRAM 

Peripheral 

AHB2 

0x5006 0C00 - 0x5FFF FFFF Reserved 

0x5006 0800 - 0x5006 0BFF TRNG 

0x5005 0400 - 0x5006 07FF Reserved 

0x5005 0000 - 0x5005 03FF DCI 

0x5004 0000 - 0x5004 FFFF Reserved 

0x5000 0000 - 0x5003 FFFF USBFS 

AHB1 

0x4008 0000 - 0x4FFF FFFF Reserved 

0x4004 0000 - 0x4007 FFFF USBHS 

0x4002 BC00 - 0x4003 FFFF Reserved 

0x4002 B000 - 0x4002 BBFF IPA 

0x4002 A000 - 0x4002 AFFF Reserved 

0x4002 8000 - 0x4002 9FFF ENET 

0x4002 6800 - 0x4002 7FFF Reserved 

0x4002 6400 - 0x4002 67FF DMA1 

0x4002 6000 - 0x4002 63FF DMA0 

0x4002 5000 - 0x4002 5FFF Reserved 

0x4002 4000 - 0x4002 4FFF BKPSRAM 

0x4002 3C00 - 0x4002 3FFF FMC 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































