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1. System and memory architecture

The GD32F1x0 series are 32-bit general-purpose microcontrollers based on the ARM®

Cor t éM8 frocessor. Th e C o r-M3eodessor includes three AHB buses known as |-
Code,D-Code and System buses. Al | meMB @rocgssa @&ree € S S €S
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-M3 processor

The Co fM3 @mcEssor is a 32-bit processor including the features of low interrupt
latency and low-cost debug. | nt egr ated and advanced f-M3atures
processor suitable for market products that require microcontrollers with high performance
and | ow power ¢ o0ns u-4Mpprdcessoris bdsaden tiecARMVE ardBitecture
and supports a powerful and scalable instruction set including general data processing 1/0
control tasks and advanced data processing bit field manipulations. Some system peripherals
listed below are al-#& provided by CortexE

A Internal Bus Matrix connected with I-Code bus, D-Code bus, System bus, Private
Peripheral Bus (PPB) and debug accesses (AHB-AP)

A Nested Vectored Interrupt Controller (NVIC)

A Flash Patch and Breakpoint (FPB)

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)

The following fi gu-M2prosdssonbeck tidgmm. Ea mdresinfomation,
refer to the ARM® C o r t @18 Eechnical Reference Manual.
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1.2.

Figure 1-1. The structure of the Co r t eM3[processor
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System architecture

The system architecture of GD32F1x0 series is shown in the following figure. The AHB matrix
based on AMBA 3.0 AHB-LITE is a multi-layer AHB, which enables parallel access paths
between multiple masters and slaves in the system. There are four masters on the AHB matrix,
including I-Code, D-Cod e, syst em b us-M8dore and BMACTKhe [tCede Bus is
the instruction bus and also used for vector fetches from the Code region (0x0000 0000 ~
OXx1FFF FFFF) t-M3coré Ehe D-Gade besxisfused for loading/storing data and
also for debugging access of the Code region. Similarly, the System bus 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. The AHB
matrix consists of five slaves, including I-Code and D-Code interfaces of the flash memory
controller, internal SRAM, AHB1 and AHB2.

The AHB2 connects with the GPIO ports. The AHB1 connects with the AHB peripherals
including two AHB-to-APB bridges which provide full synchronous connections between the
AHB1 and the two APB buses. The two APB buses connect with all the APB peripherals.
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Figure 1-2. Series system architecture of GD32F130xx and GD32F150xx devices
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Figure 1-3. Series system architecture of GD32F170xx and GD32F190xx devices
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1.3. Memory map

The ARM® Co r t V8 [processor is structured in Harvard architecture which can use
separate buses to fetch instructions and load/store data. The instruction code and data are

4
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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 whichisthe maximuma ddr ess r ange -M3fsinde hlas a3a-bitt e x E
bus address width. Additionally, a pre-defined memory map is provided by the Cort e %N
processor to reduce the software complexity of repeated implementation of different device
vendors. However, some regions are used by the ARM® C o r t w8 Bystem peripherals.

The following figure shows the memory map of GD32F1x0 series, including Code, SRAM,
peripheral, and other pre-defined regions. Each peripheral of either type is allocated 1KB of

space. This allows simplifying the address decoding for each peripheral.

Table 1-1. Memory map of GD32F130xx and GD32F150xx devices

Pre-defined _
Regions Bus ADDRESS Peripherals
0xE000 0000 - OXEOOF FFFF Cortex-M3 internal peripherals
External Device 0xA000 0000 - OXDFFF FFFF Reserved
External RAM 0x6000 0000 - OX9FFF FFFF Reserved
AHB1 | 0x5000 0000 - Ox5FFF FFFF Reserved
0x4800 1800 - Ox4FFF FFFF Reserved
0x4800 1400 - 0x4800 17FF GPIOF
0x4800 1000 - 0x4800 13FF Reserved
AHB2 | 0x4800 0CO0O0 - 0x4800 OFFF GPIOD
0x4800 0800 - 0x4800 OBFF GPIOC
0x4800 0400 - 0x4800 07FF GPIOB
0x4800 0000 - 0x4800 03FF GPIOA
0x4002 4400 - Ox47FF FFFF Reserved
0x4002 4000 - 0x4002 43FF TSI
0x4002 3400 - 0x4002 3FFF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserved
Peripherals ARBL 0x4002 2000 - 0x4002 23FF FMC
0x4002 1400 - 0x4002 1FFF Reserved
0x4002 1000 - 0x4002 13FF RCU
0x4002 0400 - 0x4002 OFFF Reserved
0x4002 0000 - 0x4002 03FF DMA
0x4001 4C00 - 0x4001 FFFF Reserved
0x4001 4800 - 0x4001 4BFF TIMER16
0x4001 4400 - 0x4001 47FF TIMER15
0x4001 4000 - 0x4001 43FF TIMER14
APB2 | 0x4001 3C00 - 0x4001 3FFF Reserved
0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF Reserved
0x4001 3000 - 0x4001 33FF SPI10/12S0
0x4001 2CO00 - 0x4001 2FFF TIMERO
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Pre-defined
Regions Bus ADDRESS Peripherals

0x4001 2800 - 0x4001 2BFF Reserved
0x4001 2400 - 0x4001 27FF ADC
0x4001 0800 - 0x4001 23FF Reserved
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 03FF SYSCFG+CMP
0x4000 C400 - 0x4000 FFFF Reserved
0x4000 C000 - 0x4000 C3FF Reserved
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7CO00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF CEC
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PMU
0x4000 6400 - 0x4000 6FFF Reserved
0x4000 6000 - 0x4000 63FF USB SRAM
0x4000 5C00 - 0x4000 5FFF USB registers
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 4800 - 0x4000 53FF Reserved
0x4000 4400 - 0x4000 47FF USART1

APBL 0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF Reserved
0x4000 3800 - 0x4000 3BFF SPI1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2C00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1400 - 0x4000 1FFF Reserved
0x4000 1000 - 0x4000 13FF TIMER5S
0x4000 0800 - 0x4000 OFFF Reserved
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x2000 2000 - 0x3FFF FFFF Reserved

SRAM
0x2000 0000 - 0x2000 1FFF SRAM
Ox1FFF F810 - OXx1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option bytes
Code Ox1FFF ECOO - Ox1FFF F7FF System memory

0x0801 0000 - Ox1FFF EBFF Reserved
0x0800 0000 - 0x0800 FFFF Main Flash memory
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Pre-defined .
_ Bus ADDRESS Peripherals
Regions
0x0000 0000 - Ox07FF FFFF | Aliased to Flash or system memory

Table 1-2. Memory map of GD32F170xx and GD32F190xx devices

Pre-defined
Regions Bus ADDRESS Peripherals
0xE000 0000 - OXEOOF FFFF Cortex-M3 internal peripherals
External Device 0xA000 0000 - OXDFFF FFFF Reserved
External RAM 0x6000 0000 - OX9FFF FFFF Reserved
AHB1 | 0x5000 0000 - OX5FFF FFFF Reserved
0x4800 1800 - Ox4FFF FFFF Reserved
0x4800 1400 - 0x4800 17FF GPIOF
0x4800 1000 - 0x4800 13FF Reserved
AHB2 | 0x4800 0C00 - 0x4800 OFFF GPIOD
0x4800 0800 - 0x4800 OBFF GPIOC
0x4800 0400 - 0x4800 07FF GPIOB
0x4800 0000 - 0x4800 03FF GPIOA
0x4002 4400 - Ox47FF FFFF Reserved
0x4002 4000 - 0x4002 43FF TSI
0x4002 3400 - 0x4002 3FFF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserved
ARBL 0x4002 2000 - 0x4002 23FF FMC
0x4002 1400 - 0x4002 1FFF Reserved
Peripherals 0x4002 1000 - 0x4002 13FF RCU
0x4002 0400 - 0x4002 OFFF Reserved
0x4002 0000 - 0x4002 03FF DMA
0x4001 4C00 - 0x4001 FFFF Reserved
0x4001 4800 - 0x4001 4BFF TIMER16
0x4001 4400 - 0x4001 47FF TIMER15
0x4001 4000 - 0x4001 43FF TIMER14
0x4001 3CO00 - 0x4001 3FFF Reserved
0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF Reserved
APB2 0x4001 3000 - 0x4001 33FF SPI0/12S0
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF Reserved
0x4001 2400 - 0x4001 27FF ADC
0x4001 0800 - 0x4001 23FF Reserved
0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 03FF SYSCFG+CMP
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Pre-defined
Regions Bus ADDRESS Peripherals
0x4000 C400 - 0x4000 FFFF Reserved
0x4000 C000 - 0x4000 C3FF 12C2
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7C00 - 0x4000 7FFF OPAMP+IVREF
0x4000 7800 - 0x4000 7BFF CEC
0x4000 7400 - 0x4000 77FF DACO~1
0x4000 7000 - 0x4000 73FF PMU
0x4000 6C00 - 0x4000 6FFF Reserved
0x4000 6800 - 0x4000 6BFF CAN1
0x4000 6400 - 0x4000 67FF CANO
0x4000 6000 - 0x4000 63FF CAN SRAM
0x4000 5C00 - 0x4000 5FFF Reserved
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 4800 - 0x4000 53FF Reserved
APBL 0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF SPI2/12S2
0x4000 3800 - 0x4000 3BFF SPI1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2CO00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF SLCD
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1400 - 0x4000 1FFF Reserved
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0800 - 0x4000 OFFF Reserved
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
SRAM 0x2000 5000 - 0x3FFF FFFF Reserved
0x2000 0000 - 0x2000 4FFF SRAM
Ox1FFF F80F - OX1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80E Option bytes
Code Ox1FFF ECOO - Ox1FFF F7FF System memory

0x0800 FFFF - Ox1FFF EBFF

Reserved

0x0800 0000 - 0x0800 FFFE

Main Flash memory

0x0000 0000 - 0X07FF FFFF

Aliased to Flash or system memory
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1.3.1. Bit-banding

In order to reduce the time of read-modify-wr i t € oper at i o-M3procesdore Cor t
provides a bit-banding function to perform a single atomic bit operation. The memory map

includes two bit-band regions. These occupy the SRAM and Peripherals respectively. These

bit-band regions map each word in an alias region of memory to a bit in a bit-band region of

memory.

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

bit_word_addr =bit_band_base +(byte_ (@i)f setl 3

where:

A bit_word_addr is the address of the word in the alias memory region that maps to the
targeted bit.

bit_band_base is the starting address of the alias region.

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

> > >

For example, to access bit 7 of address 0x2000 0200, the bit-band alias is:
bit_word_addr = 0x2200 0000 + (0x20@-2y 32) +

Writing to address 0x2200 401C will cause bit 7 of address 0x2000 0200 change while a read
to address 0x2200 401C will return 0x01 or 0x00 according to the value of bit 7 at the SRAM
address 0x2000 0200.

1.3.2. On-chip SRAM memory

The GD32F1x0 series contain up to 8KB of on-chip SRAM which starts at the address 0x2000
0000. It supports byte, half-word (16 bits), and word (32 bits) accesses. In order to increase
memory robustness, parity check is supported. The user can enable the parity check function
using the bit SRAM_PARITY_CHECK in the user option bytes (refer to Chapter 2.3.9 Option
bytes description). When enabled, an NMI is generated if the parity check fails. The SRAM
parity check error flag is implemented in the system configuration register 2 (SYSCFG_CFG2).
The error flag can be connected to the break input of TIMER 0/ TIMER 14/ TIMER 15/ TIMER
16, if the SRAM_PARITY_ERROR_LOCK control bit in the system configuration register 2
(SYSCFG_CFG2) is set to 1.

The real data width of the SRAM is 36 bits, including 32 bits for data and 4 bits for parity (1
bit per byte). When writing, the parity bits are computed and stored into the SRAM. When
reading, the parity bits are also computed using the stored data in SRAM. The computed
parity bits are compared with the stored parity bits which are computed during the writing
access. If they are different, the parity check fails.

Note: When enabling the SRAM parity check, it is recommended to initialize the whole SRAM

memory by software at the beginning of the code, in order to avoid getting parity check errors
9
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1.3.3.

1.4.

when reading non-initialized locations.

On-chip Flash memory

The devices provide up to 64 KB of on-chip flash memory. The flash memory consists of up
to 64 KB main flash organized into 64 pages with 1 KB capacity per page and a 3 KB
information block for the boot loader. The following table shows details.

Table 1-3. Flash module organization

Block Name Address Size
Page 0 0x0800 0000 - 0x0800 03FF 1 Kbytes
Page 1 0x0800 0400 - 0x0800 07FF 1 Kbytes
Page 2 0x0800 0800 - 0x0800 OBFF 1 Kbytes

Main Flash Block

Page 63 0x0800 FCOO0 - 0x0800 FFFF 1 Kbytes
Information Block System memory Ox1FFF ECOO - Ox1FFF F7FF 3 Kbytes
Option Bytes Block Option Bytes Ox1FFF F800 - Ox1FFF F80F 16 bytes

Read accesses to the preceding 32 pages can be performed 32 bits per cycle without any
wait state. All of byte, half-word (16 bits) and word (32 bits) read accesses are supported.
The flash memory can be programmed half-word (16 bits) or word (32 bits) at a time. Each
page of the flash memory can be erased individually. The whole flash memory space except
information blocks can be erased at a time.

Boot configuration

The GD32F1x0 series provides three kinds of boot sources which can be selected using the
bit BOOT1_n in the user option bytes (refer to Chapter 2.3.9 Option bytes description) and
the BOOTO pins. The value on the BOOTO pin is latched on the 4th rising edge of SYSCLK
after a reset. It is up to the user to set the BOOT1_n and BOOTO after a power-on reset or a
system reset to select the required boot source. The details are shown in the following table.

Table 1-4. Boot modes

Boot mode selection pins
Selected boot source
BOOT1 BOOTO
Main Flash Memory X 0
System Memory 0 1
On-chip SRAM 1 1

Note: The BOOT1 value is the opposite of the BOOT1_n value.

After power-on sequenceorasyst em r eset , t h eM3ArBdedsSor fetohestthe x E
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.

10
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According 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 ECO00) 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 boot loader can be activated through one of the following serial interfaces:
USARTO or USART1.

11
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1.5. System configuration registers (SYSCFG)
1.5.1. System configuration register 0 (SYSCFG_CFGO0)
Address offset: 0x00
Reset value: 0x0000 000X (X indicates BOOT_MODE[1:0] may be any value according to
the BOOTO pin and the BOOT1_n option bit 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
Reserved PB9_HCCE Reserved
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
USARTO USARTO
TIMER16_ | TIMER15_ ADC_
Reserved _RX_ _TX_ Reserved BOOT_MODE[1:0]
DMA_RMP | DMA_RMP DMA_RMP
DMA_RMP | DMA_RMP
w w w w w r
Bits Fields Descriptions
31:20 Reserved Must be kept at reset value
19 PB9_HCCE PB9 pin high current capability enable
When it is set, the PB9 pin can be used to control an infrared LED directly.
0: High current capability on the PB9 pin is disabled.
1: High current capability on the PB9 pin is enabled, and the speed control of the
pin is bypassed.
18:13 Reserved Must be kept at reset value
12 TIMER16_DMA_RM TIMER 16 DMA request remapping enable
P 0: Not remap (TIMER16_CHO and TIMER16_UP DMA requests are mapped on
DMA channel 0)
1: Remap (TIMER16_CHO and TIMER16_UP DMA requests are mapped on DMA
channel 1)
11 TIMER15_DMA_RM TIMER 15 DMA request remapping enable
P 0: Not remap (TIMER15_CHO and TIMER15_UP DMA requests are mapped on
DMA channel 2)
1: Remap (TIMER15_CHO and TIMER15_UP DMA requests are mapped on DMA
channel 3)
10 USARTO_RX_DMA_ USARTO_RX DMA request remapping enable
RMP 0: Not remap (USARTO_RX DMA requests are mapped on DMA channel 2)
1: Remap (USARTO_RX DMA requests are mapped on DMA channel 4)
9 USARTO_TX_DMA_ USARTO_TX DMA request remapping enable

RMP

0: Not remap (USARTO_TX DMA requests are mapped on DMA channel 1)
12
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1: Remap (USARTO_TX DMA requests are mapped on DMA channel 3)

8 ADC_DMA_RMP ADC DMA request remapping enable
0: Not remap (ADC DMA requests are mapped on DMA channel 0)
1: Remap (ADC DMA requests are mapped on DMA channel 1)

7:2 Reserved Must be kept at reset value

1:0 BOOT_MODEJ[1:0] Boot mode (Refer to Chapter 1.4 Boot configuration for details)
Bit0 is mapping to the BOOTO pin; the value of bitl is the opposite of the BOOT1_n

option bit value.

x0: Boot from the Main Flash

01: Boot from the system memory
11: Boot from the embedded SRAM

1.5.2. System configuration register 1 (SYSCFG_CFG1)

Address offset: 0x04
Reset value: 0x0000 0000

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

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

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved SLCD_DECA Reserved
Bits Fields Descriptions
31:4 Reserved Must be kept at reset value
31 SLCD_DECA Decoupling capacitance connection for SLCD

Bit1: Decoupling capacitance connection to PB2 or not
Bit2: Decoupling capacitance connection to PB12 or not
Bit3: Decoupling capacitance connection to PBO or not

0 Reserved Must be kept at reset value

1.5.3. EXTI sources selection register 0 (SYSCFG_EXTISSO0)

Address offset: 0x08
Reset value: 0x0000 0000

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

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

Reserved

13
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15

14 13 12

11 10 9 8 7

6 5

2 1

EXTI3_SS [3:0]

EXTI2_SS [3:0]

EXTI1_SS [3:0]

EXTIO_SS [3:0]

Bits

w

Fields

w

Descriptions

w

rw

31:16

15:12

11:8

74

3.0

Reserved

EXTI3_SS[3:0]

EXTI2_SS[3:0]

EXTI1_SS[3:0]

EXTIO_SS[3:0]

Must be kept at reset value

EXTI 3 sources selection
X000: PA3 pin

X001: PB3 pin

X010: PC3 pin

X011: Reserved

X100: Reserved

X101: Reserved

X110: Reserved

X111: Reserved

EXTI 2 sources selection
X000: PA2 pin

X001: PB2 pin

X010: PC2 pin

X011: PD2 pin

X100: Reserved

X101: Reserved

X110: Reserved

X111: Reserved

EXTI 1 sources selection
X000: PA1 pin

X001: PB1 pin

X010: PC1 pin

X011: Reserved

X100: Reserved

X101: PF1 pin

X110: Reserved

X111: Reserved

EXTI 0 sources selection
X000: PAO pin

X001: PBO pin

X010: PCO pin

X011: Reserved

X100: Reserved

X101: PFO pin

X110: Reserved
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1.5.4.

31 30

X111: Reserved

EXTI sources selection register 1 (SYSCFG_EXTISS1)

Address offset: 0x0C
Reset value: 0x0000 0000

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

29 28

27 26

25 24 23 22 21 20 19

18 17

16

Reserved

15 14

13 12

11 10

9 8 7 6 5 4 3

2 1

EXTI7_SS [3:0]

EXTI6_SS [3:0]

EXTI5_SS [3:0]

EXTI4_SS [3:0]

Bits

w

Fields

w w

Descriptions

w

31:16

15:12

11:8

74

Reserved

EXTI7_SS[3:0]

EXTI6_SS[3:0]

EXTI5_SS[3:0]

Must be kept at reset value

EXTI 7 sources selection

X000:
X001:
X010:
X011:
X100:
X101:
X110:
X111:

PA7 pin
PB7 pin
PC7 pin
Reserved
Reserved
PF7 pin
Reserved
Reserved

EXTI 6 sources selection

X000:
X001:
Xo1o0:
X011:
X100:
X101:
X110:
X111:

PAG pin
PB6 pin
PC6 pin
Reserved
Reserved
PF6 pin
Reserved
Reserved

EXTI 5 sources selection

X000:
X001:
X010:
X011:
X100:

X101:

PA5 pin
PB5 pin
PCS5 pin
Reserved
Reserved
PF5 pin
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3.0

1.5.5.

31

X110:
X111:

Reserved

Reserved

EXTI4_SS[3:0] EXTI 4 sources selection

X000:
X001:
X010:
X011:
X100:
X101:
X110:
X111:

PA4 pin
PB4 pin
PC4 pin
Reserved
Reserved
PF4 pin
Reserved
Reserved

EXTI sources selection register 2 (SYSCFG_EXTISS2)

Address offset: 0x10

Reset value: 0x0000 0000

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

30 29 28 27 26

25 24 23 22 21

20 19 18 17

16

Reserved

15

14 13 12 11 10

9 8 7 6 5

4 3 2 1

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

EXTI8_SS [3:0]

Bits

w

w w

Fields Descriptions

w

31:16

15:12

11:8

Reserved Must be kept at reset value

EXTI11_SS[3:0] EXTI 11 sources selection

X000:
X001:
Xo1o0:
X011:
X100:
X101:
X110:
X111:

PA11 pin
PB11 pin
PC11 pin
Reserved
Reserved
Reserved
Reserved
Reserved

EXTI10_SS[3:0] EXTI 10 sources selection

X000:
X001:
X010:
X011:
X100:

PA10 pin
PB10 pin
PC10 pin
Reserved

Reserved
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74

3.0

1.5.6.

31 30

X101: Reserved
X110: Reserved
X111: Reserved

EXTI 9 sources selection
X000: PA9 pin

X001: PB9 pin

X010: PC9 pin

X011: Reserved

X100: Reserved

X101: Reserved

X110: Reserved

X111: Reserved

EXTI9_SS[3:0]

EXTI 8 sources selection
X000: PAS8 pin

X001: PB8 pin

X010: PC8 pin

X011: Reserved

X100: Reserved

X101: Reserved

X110: Reserved

X111: Reserved

EXTI8_SS[3:0]

EXTI sources selection register 3 (SYSCFG_EXTISS3)

Address offset: 0x14
Reset value: 0x0000 0000

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

29 28 27 26 25 24 23 22 21 20

19

18 17

16

Reserved

15 14

13 12 11 10 9 8 7 6 5 4

2 1

‘ EXTI15_SS [3:0]

EXTI14_SS [3:0] EXTI13_SS [3:0]

EXTI12_SS [3:0]

Bits

I\ w rw

Fields Descriptions

w

31:16

15:12

Reserved Must be kept at reset value

EXTI 15 sources selection
X000: PA15 pin
X001: PB15 pin
X010: PC15 pin
X011: Reserved

EXTI15_SS[3:0]
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X100: Reserved
X101: Reserved
X110: Reserved
X111: Reserved

11:8 EXTI14_SS[3:0] EXTI 14 sources selection
X000: PA14 pin
X001: PB14 pin
X010: PC14 pin
X011: Reserved
X100: Reserved
X101: Reserved
X110: Reserved
X111: Reserved

74 EXTI13_SS[3:0] EXTI 13 sources selection
X000: PA13 pin
X001: PB13 pin
X010: PC13 pin
X011: Reserved
X100: Reserved
X101: Reserved
X110: Reserved
X111: Reserved

3.0 EXTI12_SS[3:0] EXTI 12 sources selection
X000: PA12 pin
X001: PB12 pin
X010: PC12 pin
X011: Reserved
X100: Reserved
X101: Reserved
X110: Reserved
X111: Reserved

1.5.7. System configuration register 2 (SYSCFG_CFG2)

Address offset: 0x18
Reset value: 0x0000 0000

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

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

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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SRAM_
LOCK
SRAM_P LVD_ | PARITY_
Reserved Reserved UP_
CEF LOCK | ERROR_
LOCK
LOCK
w w w w

Bits Fields Descriptions
31:9 Reserved Must be kept at reset value
8 SRAM_PCEF SRAM parity check error flag
This bit is set by hardware when an SRAM parity check error occurs. It is cleared
by software by writing 1.
0: No SRAM parity check error detected
1: SRAM parity check error detected
7:3 Reserved Must be kept at reset value
2 LVD_LOCK LVD lock
This bit is set by software and cleared by a system reset.
0: The LVD interrupt is disconnected from the break input of TIMERO0/14/15/16.
LVDEN and LVDT[2:0] in the PMU_CTL register can be programmed.
1: The LVD interrupt is connected from the break input of TIMER0/14/15/16.
LVDEN and LVDT[2:0] in the PMU_CTL register are read only.
1 SRAM_PARITY_ SRAM parity check error lock
ERROR_LOCK This bit is set by software and cleared by a system reset.
0: The SRAM parity check error is disconnected from the break input of
TIMERO0/14/15/16
1: The SRAM parity check error is connected from the break input of
TIMERO0/14/15/16
0 LOCKUP_LOCK Cortex-M3 LOCKUP output lock
This bit is set by software and cleared by a system reset.
0: The Cortex-M3 LOCKUP output is disconnected from the break input of
TIMERO0/14/15/16
1: The Cortex-M3 LOCKUP output is connected from the break input of
TIMERO0/14/15/16
1.6. Device electronic signature
The device electronic signature contains memory density 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.
1.6.1. Memory density information

Base address: Ox1FFF F7EOQ
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The value is factory programmed and can never be altered by user.

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

31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
SRAM_DENSITY[15:0]
r
15 14 13 11 10 9 8 7 6 5 4 3 2 1 0
FLASH_DENSITY[15:0]
r
Bits Fields Descriptions
31:16 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.
Example: 0x0008 indicates 8 Kbytes.
15:0 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.
Example: 0x0020 indicates 32 Kbytes.
1.6.2. Unique device ID (96 bits)
Base address: Ox1FFF F7AC
The value is factory programmed and can never be altered by user.
This register has to be accessed by word(32-bit)
31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[31:16]
r
15 14 13 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[15:0]
r
Bits Fields Descriptions
310 UNIQUE_ID[31:0] Unique device ID
Base address: Ox1FFF F7B0
The value is factory programmed and can never be altered by user.
This register has to be accessed by word(32-bit)
31 30 29 27 26 25 24 23 22 21 20 19 18 17 16

UNIQUE_ID[63:48]

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

UNIQUE_ID[47:32]

r

Bits Fields Descriptions

310 UNIQUE_ID[63:32]  Unique device ID

Base address: OXx1FFF F7B4
The value is factory programmed and can never be altered by user.

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

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
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2.

2.1.

2.2.

2.3.

2.3.1.

Flash memory controller (FMC)

Overview

The Flash Memory Controller, FMC, provides all the necessary functions for the on-chip flash
memory. There is no waiting time within 32K bytes while CPU executes instruction. It also
provides page erase, mass erase, and word/half word program for flash memory.

Characteristics

A Up to 64KB of on-chip flash memory for storing instruction/data

A No waiting time within 32K bytes when CPU executes instruction

A Along delay when fetch 32K ~ 64K bytes date from flash

A 3K bytes information block for boot loader

A 16 bytes option bytes block for user application requirements

A 1K bytes page size

A Word or half word programming, page erase and mass erase capability
A Flash read protection to prevent illegal code/data access

A Page erase/program protection to prevent unexpected operation

Function overview

Flash memory architecture

The flash memory consists of up to 64 KB main flash organized into 64 pages with 1 KB
capacity per page and a 3 KB Information Block for the Boot Loader. The main flash memory
contains a total of up to 64 pages which can be erased individually. The following table shows
the base address and size.
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2.3.2.

2.3.3.

2.3.4.

Table 2-1. Base address and size for flash memory

Block Name Address size(bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1KB
Page 1 0x0800 0400 - 0x0800 O7FF 1KB
Page 2 0x0800 0800 - 0x0800 OBFF 1KB

Main Flash Block

Page 63 0x0800 FCO0O0 - 0x0800 FFFF 1KB
Information Block Boot loader Ox1FFF ECOO0 - OX1FFF F7FF 3KB
Option Bytes Block Option bytes O0x1FFF F800 - Ox1FFF F80F 16B

Note: The Information Block stores the bootloader - this block cannot be programmed or
erased by user.

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.

Unlock the FMC_CTL register

After reset, the FMC_CTL register is not accessible in write mode, except for the OBRLD bit,
which is used for reloading the option bytes, and the LK bit in FMC_CTL register is 1. An
unlocking sequence consists of two write operations to the FMC_KEY register can open the
access to the FMC_CTL register. The two write operations are writing 0x45670123 and
OXxCDEF89AB to the FMC_KEY register. After the two write operations, the LK bit in
FMC_CTL register is set to 0 by hardware. The software can lock the FMC_CTL again by
setting the LK bitin FMC_CTL register to 1. If there is any wrong operations on the FMC_KEY
register, the LK bitin FMC_CTL register will be set, and the FMC_CTL register will be locked,
then it will generate a bus error.

The OBPG bit and OBER bit in FMC_CTL are also protected by FMC_OBKEY register. The
unlocking sequence includes two write operations, which are writing 0x45670123 and
OxCDEF89AB to FMC_OBKEY register. And then set the OBWEN bit in FMC_CTL register
to 1. The software can set OBWEN bit to O to protect the OBPG bit and OBER bitin FMC_CTL
register again.

Page erase

The FMC provides a page erase function which is used for initializing 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 register
for a page erase operation.
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> >

>

p>)

>

A

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 equal to 0). Otherwise, wait until the operation has been finished.

Write the page address into the FMC_ADDR register.
Write the page erase command into PER bit in FMC_CTL register.

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

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

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

When the operation is executed successfully, an interrupt will be triggered by FMC if the
ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. Note
that a correct target page address must be confirmed. Or the software may run out of control
if the target erase page is being used for fetching codes or accessing data. The FMC will not
provide any notification when this occurs. Additionally, the page erase operation will be
ignored on protected pages. 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 in the
FMC_STAT register to detect this condition in the interrupt handler. The end of this operation
is indicated by the ENDF bit in the FMC_STAT register. 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

Unlock the FMC_CTL

Is the BUSY bit 0

Set the FMC_ADDR,
PER bit

Y

Send the command to
FMC by setting
START bit

4

No

Is the BUSY bit 0

Yes
A\

Finish

Mass erase

The FMC provides a complete erase function which is used for initializing the Main Flash
Block contents. The following steps show the mass erase register access sequence.

A Unlock the FMC_CTL register if necessary.

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

A Write the mass erase command into MER bit in FMC_CTL register.

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

register.

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

A Read and verify the flash memory if required using a DBUS access.
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2.3.6.

When the operation is executed successfully, an interrupt will be triggered by FMC if the
ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. Since
all flash data will be reset 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 to access
the FMC registers directly. The end of this operation is indicated by the ENDF bit in the
FMC_STAT register. (The starting address of programming operation should be 0x0800 0000)
The following figure indicates the mass erase operation flow.

Figure 2-2. Process of the mass erase operation

Start

No

Unlock the FMC_CTL

Is the BUSY bit 0

Set the MER bit

A |

Send the command to
FMC by setting
START bit

4

Is the BUSY bit 0

Finish

Main flash programming

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

A Unlock the FMC_CTL register if necessary.
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>

>

>

p>)

A

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

Write the word program command into the PG bit in FMC_CTL register.
A 32-bit word/16-bit half word write at desired address by DBUS.

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

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

When the operation is executed successfully, an interrupt will be triggered by FMC if the

E

NDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. Note

that before the word/half word programming operation you should check the address that it

has been erased. If the address has not been erased, PGERR bit will set when programming

the address except programming 0x0. Additionally, the program operation will be ignored on
protected pages. 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 in the FMC_STAT
register to detect this condition in the interrupt handler. The end of this operation is indicated
by the ENDF bit in the FMC_STAT register. The following figure displays the word
programming operation flow.

F

igure 2-3. Process of the word programming operation

Start

No Unlock the FMC_CTL

Is the BUSY bit 0

Set the PG bit

Y

Perform word/half
word write by DBUS

Is the BUSY bit 0

Yes

Finish
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2.3.7.

2.3.8.

Option bytes erase

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

A Unlock the FMC_CTL register if necessary.

A Unlock the OBWEN bit in FMC_CTL register if necessary.

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

A Write the option bytes erase command into OBER bit in FMC_CTL register.

A Send the option bytes erase command to the FMC by setting the START bitin FMC_CTL

register.

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

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

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

Option bytes programming

The FMC provides a 32-bit word/16-bit half word programming function which is used for
modifying the option bytes block contents. The following steps show the programming
operation sequence.

A Unlock the FMC_CTL register if necessary.

A Unlock the OBWEN bit in FMC_CTL register if necessary.

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

A Write the program command into the OBPG bit in FMC_CTL register.

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

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

in FMC_STAT register.

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

When the operation is executed successfully, an interrupt will be triggered by FMC if the
ENDIE bit in the FMC_CTL register is set, and the ENDF in FMC_STAT register is set. Note
that before the word/half word programming operation you should check the address that it
has been erased. If the address has not been erased, PGERR bit will set when programming
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2.3.9.

the address except programming 0x0. The end of this operation is indicated by the ENDF bit
in the FMC_STAT register.

Option bytes description

The option bytes block of flash memory reloaded to FMC_OBSTAT and FMC_WP registers
after each system reset or OBRLD bit set in FMC_CTL register, and the option bytes work.
The option complement bytes are the opposite of option bytes. When option bytes reload, if
the option complement bytes and option bytes does not match, the OBERR bit in
FMC_OBSTAT register is set, and the option bytes is set to OxFF. The following table is the
detail of option bytes.

Table 2-2. Option bytes

Address

Name

Description

Ox1fff f800

OB_SPC

option bytes Security Protection Code

0xA5: No protection

any value except OxA5 or OxCC: Protection level low
0xCC: Protection level high

Ox1fff f801

OB_SPC_N

OB_SPC complement value

Ox1fff f802

OB_USER

option bytes which user defined
[7]: Reserved
[6]: SRAM_PARITY_CHECK
0: Enable sram parity check
1: Disable sram parity check
[5]: VDDA_VISOR
0: Disable Vpbpa monitor
1: Enable Vbpa monitor
[4]: BOOT1_n
0: BOOT1 hitis 1
1: BOOT1 bitis 0
[3]: Reserved
[2]: NRST_STDBY
0: Generate a reset instead of entering standby mode
1: No reset when entering standby mode
[1]: NRST_DPSLP
0: Generate a reset instead of entering Deep-sleep
mode
1: No reset when entering Deep-sleep mode
[0]: nWDG_SwW
0: Hardware free watchdog timer

1: Software free watchdog timer

Ox1fff f803

OB_USER_N

OB_USER complement value

Ox1fff {804

OB_DATA[7:0]

user defined data bit 7 to O

Ox1fff f805

OB_DATA_N[7:0]

OB_DATA complement value bit 7 to O
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2.3.10.

2.3.11.

Address Name Description
0x1fff f806 OB_DATA[15:8] user defined data bit 15 to 8

Ox1fff f807 OB_DATA_N[15:8] | OB_DATA complement value bit 15 to 8
Ox1fff f808 OB_WP[7:0] Page Erase/Program Protection bit 7 to 0
Ox1fff f809 OB_WP_NJ7:0] OB_WP complement value bit 7 to 0
Ox1fff f80a OB_WPJ[15:8] Page Erase/Program Protection bit 15 to 8
Ox1fff f80b OB_WP_N[15:8] OB_WP complement value bit 15 to 8

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 then be set by the FMC. If the WPERR
bit is set and the ERRIE bit is also set to 1 to enable the corresponding interrupt, then the
flash operation error interrupt will be triggered by the FMC to get the attention of the CPU.
The page protection function can be individually enabled by configuring the OB_WP [15:0] bit
field to O in the option bytes. If a page erase operation is executed on the Option Bytes region,
all the flash memory page protection functions will be disabled. When setting or resetting
OB_WP in the option bytes, the software need to set OBRLD in FMC_CTL register or a
system reset to reload the OB_WP bits. The following table shows which pages are protected
by set OB_WP [15:0].

Table 2-3. OB_WP bit for pages protected

OB_WP bit pages protected
OB_WPJ0] page O ~ page 3
OB_WP[1] page 4 ~ page 7
OB_WPJ[2] page 8 ~ page 11
OB_WP[14] page 56 ~ page 59
OB_WP[15] page 60 ~ page 63

Security protection

The FMC provides a security protection function to prevent illegal code/data access on the
flash memory. This function is useful for protecting the software/firmware from illegal users.
There are 3 levels for protecting:

No protection: when setting OB_SPC byte and its complement value to OXA55A, no protection
performed. The main flash and option bytes block are accessible by all operations.

Protection level low: when setting OB_SPC byte and its complement value to any value
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except OxXA55A or OxCC33, 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 is forbidden. If a read operation is executed to main flash in debug
mode, boot from SRAM or boot from boot loader mode, a 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 PGERR 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 OB_SPC byte and its complement value to 0XA55A, a mass erase for main flash
will be performed.

Protection level high: when set OB_SPC byte and its complement value to 0XCC33, protection
level high performed. When this level is programmed in debug mode, boot from SRAM or
boot from boot loader mode is disabled. The main flash block is accessible by all operations
from user code. The option bytes cannot be erased, and the OB_SPC byte and its
complement value cannot be reprogrammed. So, if protection level high is programmed, it
cannot move back to protection level low or no protection level.
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2.4. Register definition
2.4.1. Wait state register (FMC_WS)

Address offset: 0x00
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
‘ Reserved WSCNTI[2:0]
1\
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value
2.0 WSCNTI[2:0] Wait state counter register

These bits set and reset by software. The WSCNT valid when WSEN bit is set
000: 0 wait state added

001: 1 wait state added

010: 2 wait state added

011 ~ 111: Reserved

2.4.2. Unlock key register (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
‘ KEY[31:16]
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
‘ KEY[15:0]
w
Bits Fields Descriptions
31.0 KEY[31:0] FMC_CTL unlock registers

These bits are only be written by software
Write KEY[31:0] with key to unlock FMC_CTL register.
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2.4.3. Option bytes unlock key register (FMC_OBKEY)
Address offset: 0x08
Reset value: 0x0000 0000
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OBKEY([31:16] ‘
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OBKEY[15:0] ‘
w
Bits Fields Descriptions
310 OBKEY[31:0] FMC_CTL option bytes operation unlock registers
These bits are only be written by software
Write OBKEY[31:0] with key to unlock option bytes command in 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 |Reserved | PGERR |Reserved | BUSY ‘
w w w 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 erasing/programming on protected pages, this bit is set by hardware. The
software can clear it by writing 1.
3 Reserved Must be kept at reset value
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2 PGERR Program error flag bit
When programming to the flash while it is not OXFFFF, this bit is set by hardware.

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

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

an error generated, this bit is clear to 0.

2.4.5. Control register (FMC_CTL)

Address offset: 0x10
Reset value: 0x0000 0080

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved OBRLD ENDIE |Reserved| ERRIE l OBWEN | Reserved LK START OBER ‘ OBPG |Reserved MER ‘ PER ‘ PG ‘
w w w w w w w w w w w

Bits Fields Descriptions

31:14 Reserved Must be kept at reset value

13 OBRLD Option bytes reload bit
This bit is set by software.
0: No effect

1: Force option bytes reload, and generate a system reset

12 ENDIE End of operation interrupt enable bit
This bit is set or cleared by software.
0: No interrupt generated by hardware
1: End of operation interrupt enable

11 Reserved Must be kept at reset value

10 ERRIE Error interrupt enable bit
This bit is set or cleared by software.
0: No interrupt generated by hardware
1: Error interrupt enable

9 OBWEN Option bytes erase/program enable bit
This bit is set by hardware when right sequence written to FMC_OBKEY register.
This bit can be cleared by software.
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8

2.4.6.

Reserved

LK

START

OBER

OBPG

Reserved

MER

PER

PG

Must be kept at reset value

FMC_CTL lock bit

This bit is cleared by hardware when right sequent written to FMC_KEY register.

This bit can be set by software.

Send erase command to FMC bit

This bit is set by software to send erase command to FMC. This bit is cleared by

hardware when the BUSY bit is cleared.

Option bytes erase command bit
This bit is set or cleared by software.
0: No effect

1: Option bytes erase command

Option bytes program command bit
This bit is set or cleared by software.
0: No effect

1: Option bytes program command
Must be kept at reset value

Main flash mass erase command bit
This bit is set or cleared by software.
0: No effect

1: Main flash mass erase command

Main flash page erase command bit
This bit is set or cleared by software.
0: No effect

1: Main flash page erase command

Main flash page program command bit
This bit is set or cleared by software.
0: No effect

1: Main flash page program command

Address register (FMC_ADDR)

Address offset: 0x14
Reset value: 0x0000 0000

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

31 30 29 26 25 24 23 22 21 20 19 18 17 16
ADDRI[31:16]
w
15 14 13 10 9 8 7 6 5 4 3 2 1 0
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‘ ADDRI[15:0] ‘
w

Bits Fields Descriptions

31:.0 ADDRJ[31:0] Flash command address bits

These bits are set by software.

ADDR bits are the address of flash erase command

2.4.7. Option bytes status register (FMC_OBSTAT)

Address offset: 0x1C
Reset value: OxXXXX XX0X

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
‘ OB_DATA[15:0] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OB_USER([7:0] Reserved PLEVEL[1:0] ‘ OBERR ‘
r r r
Bits Fields Descriptions
31:16 OB_DATA[15:0] Store OB_DATA[15:0] of option bytes block after system reset
15:8 OB_USER][7:0] Store OB_USER byte of option bytes block after system reset
73 Reserved Must be kept at reset value
2:1 PLEVELJ[1:0] Security Protection level

00: No protection level
01: Protect level low
11: Protect level high

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

match, and the option bytes set OxFF.

2.4.8. Write protection register (FMC_WP)

Address offset: 0x20
Reset value: 0x0000 XXXX

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

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

Reserved
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OB_WP[15:0] ‘
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value
15:0 OB_WP[15:0] Store OB_WP[15:0] of option bytes block after system reset

0: Protection active

1: Unprotected

2.4.9. Wait state enable register (FMC_WSEN)

For GD32F130xx and GD32F150xx devices

Address offset: OxFC
Reset value: 0x0000 0000

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘ WSEN ‘
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value
0 WSEN FMC wait state enable register

This bit set and reset by software. This bit is also protected by the FMC_KEY
register. The software need writing 0x45670123 and OXCDEF89AB to the
FMC_KEY register.

0: No wait state added when fetching flash

1: Wait state added when fetching flash

For GD32F170xx and GD32F190xx devices

Address offset: OxFC
Reset value: 0x0000 0000

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

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

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

This bit set and reset by software.
0O:Noef fect, write page must check if 1t
1: Write page do not check if the flash is FF. The FMC can program each bit.

0 WSEN FMC wait state enable register
This bit set and reset by software. This bit is also protected by the FMC_KEY
register. The software need writing 0x45670123 and OXCDEF89AB to the
FMC_KEY register.
0: No wait state added when fetching flash

1: Wait state added when fetching flash

2.4.10. Product ID register (FMC_PID)

Address offset: 0x100
Reset value: OxXXXX XXXX

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PID[31:16]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PID[15:0]
r
Bits Fields Descriptions
31:.0 PID[31:0] Product reserved ID code register

These bits are read only by software.
These bits are unchanged constantly after power on. These bits are one time

programmed when the chip product.
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3.

3.1.

3.2.

3.3.

Power management unit (PMU)

Overview

The power consumption is regarded as one of the most important issues for the devices of
GD32F1x0 series. The Power management unit (PMU), provides three types of power saving
modes, including Sleep, Deep-sleep and Standby mode. These modes reduce the power
consumption and allow the application to achieve the best tradeoff among the conflicting
demands of CPU operating time, speed and power consumption. For GD32F130xx and
GD32F150xx devices, there are three power domains, including Voo/Vooa domain, 1.2V
domain, and Backup domain, as is shown in the following figure. For GD32F170xx and
GD32F190xx devices, there are three power domains, including Voo/Vooa domain, 1.8V
domain, and Backup domain, as is shown in the following figure. The power of the Vpp domain
is supplied directly by Voo. An embedded LDO in the Voo/Vopa domain is used to supply the
1.2V/1.8V domain power. A power switch is implemented for the Backup domain. It can be
powered from the Vear voltage when the main Vop supply is shut down.

Characteristics

A Three power domains: Veak, Voo/Vooa and 1.2V power domains for GD32F130xx and
GD32F150xx devices or 1.8V power domains for GD32F170xx and GD32F190xx

devices
A Three power saving modes: Sleep, Deep-sleep and Standby modes
A Internal Voltage regulator(LDO) supplies 1.2V voltage source for GD32F130xx and

GD32F150xx devices or 1.8 V voltage source for GD32F170xx and GD32F190xx
devices

A Low Voltage Detector can issue an interrupt or event when the power is lower than a
programmed threshold

A Battery power (Vear) for Backup domain when Voo is shut down

Function overview

Figure 3-1. Power supply overview of GD32F130xx and GD32F150xx devices and

Figure 3-2. Power supply overview of GD32F170xx and GD32F190xx devices

provide details on the internal configuration of the PMU and the relevant power domains.
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Figure 3-1. Power supply overview of GD32F130xx and GD32F150xx devices
VBAT | X f-——————————————————— Ov
[t
Voo | X f-—=-—==——-——---- ity -0 i -
: Power Switch i__VBaK Backup Domain
1 3.3V | LXTAL | | BPOR |
PAO WKUPO WKUPR RTC
PC13 WKUP1
PMU
CTL
NRST WKUPN
FWDGT WKUPE o] Cortex-M3 |
| HXTAL | | POR/PDR| | LDO r"”l’z’v* | AHB IPs | | APB IPs |
Voo Domain 1.2V Domain
Vooa Domain
| IRC8M || IRC40K || ADC || LVD |
VbbA I}ﬂ»******g'fsy
| IRC14M || PLLs || DAC |

LVD: Low Voltage Detector
POR: Power On Reset

LDO: Voltage Regulator
PDR: Power Down Reset

BPOR: VBak Power On Reset
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3.3.1.

Figure 3-2. Power supply overview of GD32F170xx and GD32F190xx devices

Battery backup domain

The Backup domain is powered by the Vop or the battery power source (Veat) selected by the
internal power switch, and the Veax pin which drives Backup Domain, power supply for RTC
unit, LXTAL oscillator, BPOR, and three pads, including PC13 to PC15. In order to keeping
the content of the Backup domain registers and the RTC supply, when Voo supply is shut
down, Veat pin can be connected to an optional standby voltage supplied by a battery or by
another source. The power switch is controlled by the Power Down Reset circuit in the
Voo/Vopba domain. If no external battery is used in the application, it is recommended to
connect Veat pin externally to Voo pin with a 100nF external ceramic decoupling capacitor.

The Backup Domain reset sources include the Backup domain power-on-reset (BPOR) and
the Backup Domain software reset. The BPOR signal forces the device to stay in the reset
mode until Veak is completely powered up. Also the application software can trigger the
Backup domain software reset by setting the BKPRST bitin the RCU_BDCTL register to reset
the Backup domain.

The clock source of Real Time Clock (RTC) circuit can be derived from the Internal 40 KHz
RC oscillator (IRC40K) or the Low Speed Crystal oscillator (LXTAL), or HXTAL clock divided
by 32. When Vpp is shut down, only LXTAL is valid for RTC. Before entering the power saving
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