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1 Abbreviations in the text

1.1 List of abbreviations for registers

The following abbreviations are used in register descriptions:

read/write(rw) Software can read and write these bits.

read-only(r) Software can only read these bits.

write-only(w) Software can only write this bit, and reading this bit will return the reset value.

read/clear(rc_w1) Software can read this bit or clear it by writing' 1', and writing' 0' has no effect on this
bit.

read/clear(rc_wO) Software can read this bit or clear it by writing' 0', and writing' 1' has no effect on this
bit.

read/clear by read(rc_r) Software can read this bit. Reading this bit will automatically clear it to' 0'. Writing' 0'
has no effect on this bit.

read/set(rs) Software can read or set this bit. Writing' 0" has no effect on this bit.

read-only write trigger(rt_w) Software can read this bit and write' 0' or' 1' to trigger an event, but it has no effect on
this bit value.

toggle(t) Software can only flip this bit by writing' 1', and writing' 0' has no effect on this bit.

Reserved(Res.) Reserved bit, must be kept at reset value.

1.2 Available peripherals

For all models of N32G45x microcontroller series, the existence and number of a peripheral, please refer to the data
sheet of the corresponding model.
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2 Interrupts and events

2.1 Nested vectored interrupt controller

Features

B 86 maskable interrupt channels (excluding 16 interrupt lines of Cortex-M4).
B 16 programmable priority levels (4-bit interrupt priority level is used);

B Low-latency exception and interrupt handling;

B Power management control;

B Implementation of system control register;

Nested Vector Interrupt Controller (NVIC) is closely connected with the interface of processor core, which can realize
low-latency interrupt handling and efficiently handle late interrupts. The nested vector interrupt controller manages
interrupts including kernel exceptions.

2.1.1 SysTick calibration value register

The system tick calibration value is fixed at 18000. When the system tick clock is set to 18 MHz (the maximum value
of HCLK/8), a 1ms time reference is generated.

2.1.2 Interrupt and exception vectors

Table 2-1 Vector table

. . Type of o
Position | Priority o Acronym Description Address
priority
- - - Reserved 0x0000_0000
-3 Fixed |Reset Reset 0x0000_0004
Unmatchable interrupt
. Fixed - RCC Clock Security System (CSS) is 0x0000_0008
coupled to NMI vector
-1 Fixed |Hardware failure (HardFault)  |All types of failures 0x0000_000C
0 Settable  [Management (MemManage) Memory management 0x0000_0010
Refers to prefetch failure, memory access
1 Settable  [BusFault (bus fault) . 0x0000_0014
failure.
2 Settable [Error (UsageFault) Undefined instruction or illegal status 0x0000_0018
0x0000_001C
- - - Reserved
~0x0000_002B
3 Settable [SVCall System service call through SWI instruction [0x0000_002C
4 Settable [DebugMonitor (debug monitor) [Debugging monitor 0x0000_0030
- - - Reserved 0x0000_0034
5 Settable [PendSV System services that can be suspended 0x0000_0038
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Position | Priority Ty.pe.of Acronym Description Address
priority
6 Settable [SysTick System tick timer 0x0000_003C
0 7 Settable WWDG \Window timer interrupt 0x0000_0040
1 8 Settable PVD Power supply voltage detection (PVVD) 0X0000_0044
interrupt connected to EXTI line 16
2 9 Settable [TAMPER Intrusion detection interrupt 0x0000_0048
3 10 | Settable |RTC_WKUP The real-time clock (RTC) wake-up 0X0000_004C
- interrupt connected to EXTI line 20 -
4 11 Settable [FLASH Flash global interrupt 0x0000_0050
5 12 Settable |[RCC Reset and clock control (RCC) interrupt 0x0000_0054
6 13 Settable [EXTIO EXTI line 0 interrupt 0x0000_0058
7 14 Settable [EXTI1 EXTI line 1 interrupt 0x0000_005C
8 15 Settable [EXTI2 EXTI line 2 interrupt 0x0000_0060
9 16 Settable [EXTI3 EXTI line 3 interrupt 0x0000_0064
10 17 Settable [EXTI4 EXTI line 4 interrupt 0x0000_0068
11 18 Settable [DMAL channel 1 DMAL1 channel 1 global interrupt 0x0000_006C
12 19 Settable [DMAL1 channel 2 DMAL channel 2 global interrupt 0x0000_0070
13 20 Settable [DMAL1 channel 3 DMAL channel 3 global interrupt 0x0000_0074
14 21 Settable [DMAL channel 4 DMAL1 channel 4 global interrupt 0x0000_0078
15 22 Settable [DMAL1 channel 5 DMAL channel 5 global interrupt 0x0000_007C
16 23 Settable [DMAL1 channel 6 DMAL channel 6 global interrupt 0x0000_0080
17 24 Settable [DMAL1 channel 7 DMAL channel 7 global interrupt 0x0000_0084
18 25 Settable |ADC1 2 IADC1 and ADC2 global interrupts 0x0000_0088
19 26 Settable [USB_HP_CAN1_TX _USB high priority Interrupt /CAN send 0x0000_008C
interrupt
20 27 Settable |USB_LP_CAN1_RXO0 _USB fow priority interrupt (CANI recelves 00x0000_0090
interrupt
21 28 Settable [CAN1 RX1 CANL receive 1 interrupt 0x0000_0094
22 29 Settable [CAN_SCE CANL1 SCE interrupt 0x0000_0098
23 30 Settable [EXTI9_5 EXTI line [9:5] interrupt 0x0000_009C
24 31 Settable [TIM1_BRK TIM1 brake interrupt 0x0000_00A0
25 32 Settable [TIM1_UP TIM1 update interrupt 0x0000_00A4
26 33 Settable [TIM1_TRG_COM TIM1 trigger and communication interrupt  [0x0000_00A8
27 34 Settable [TIM1_CC TIM1 capture comparison interrupt 0x0000_00AC
28 35 Settable [TIM2 TIM2 global interrupt 0x0000_00B0
29 36 Settable [TIM3 TIM3 global interrupt 0x0000_00B4
30 37 Settable [TIM4 TIM4 global interrupt 0x0000_00B8
31 38 Settable [I2C1_EV 12C1 event interrupt 0x0000_00BC
32 39 Settable [I2C1_ER 12C1 error interrupt 0x0000_00CO0
33 40 Settable [I2C2_EV 12C2 event interrupt 0x0000_00C4
34 41 Settable [I2C2_ER 12C2 error interrupt 0x0000_00C8
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Position | Priority Ty.pe.of Acronym Description Address
priority
35 42 Settable [SPI1 SPI1 global interrupt 0x0000_00CC
36 43 Settable  [SP12_12S2 SP12/12S2 global interrupt 0x0000_00D0
37 44 Settable [USART1 USART1 global interrupt 0x0000_00D4
38 45 Settable [USART2 USART2 global interrupt 0x0000_00D8
39 46 Settable [USART3 USARTS3 global interrupt 0x0000_00DC
40 47 Settable [EXTI15_10 EXTI line [15:10] interrupt 0x0000_00EO
" 28 Settable RTCAlArm T;FC alarm interrupt connected to EXTI line 0X0000_00E4
4 49 Settable  IUSBWKUP USB wake-up interrupt connected to EXTI %0000 00ES
line 18 -
43 50 Settable [TIM8_BRK 'TIM8 brake interrupt 0x0000_00EC
44 51 Settable [TIM8_UP TIM8 update interrupt 0x0000_00F0
45 52 Settable [TIM8_TRG_COM 'TIM8 trigger and communication interrupt  |[0x0000_00F4
46 53 Settable [TIM8_CC TIM8 capture comparison interrupt 0x0000_00F8
47 54 Settable |ADC3_4 IADC3 and ADC4 global interrupts 0x0000_00FC
48 55 Settable [Reserved Reserved 0x0000_0100
49 56 Settable [SDIO SDIO global interrupt 0x0000_0104
50 57 Settable [TIM5 'TIMS5 global interrupt 0x0000_0108
51 58 Settable  [SP13_12S3 SP13/12S3 global interrupt 0x0000_010C
52 59 Settable |[UART4 UART4 global interrupt 0x0000_0110
53 60 Settable |UART5 UARTS global interrupt 0x0000_0114
54 61 Settable [TIM6 TIM6 global Interrupt 0x0000_0118
55 62 Settable [TIM7 TIM7 global interrupt 0x0000_011C
56 63 Settable [DMAZ2 channel 1 DMAZ2 channel 1 global interrupt 0x0000_0120
57 64 Settable [DMAZ2 channel 2 DMAZ2 channel 2 global interrupt 0x0000_0124
58 65 Settable [DMAZ2 channel 3 DMAZ2 channel 3 global interrupt 0x0000_0128
59 66 Settable [DMAZ2 channel 4 DMAZ2 channel 4 global interrupt 0x0000_012C
60 67 Settable [DMAZ2 channel 5 DMAZ2 channel 5 global interrupt 0x0000_0130
61 68 Settable [ETH Ethernet global interrupt 0x0000_0134
6 69 Settable |ETH_ WKUP Ethernet wake-up interrupt connected to 0x0000_0138
EXTI line 19
63 70 Settable [CAN2_TX CAN2 send interrupt 0x0000_013C
64 71 Settable |[CAN2_RXO0 CAN2 receive 0 interrupt 0x0000_0140
65 72 Settable [CAN2_RX1 CANZ2 receive 1 interrupt 0x0000_0144
66 73 Settable |CAN2_SCE CAN 2SCE interrupt 0x0000_0148
67 74 Settable [QSPI QSPI global interrupt 0x0000_014C
68 75 Settable [DMAZ2 channel 6 DMAZ2 channel 6 global interrupt 0x0000_0150
69 76 Settable [DMAZ2 channel 7 DMAZ2 channel 7 global interrupt 0x0000_0154
70 77 Settable [I2C3_EV 12C3 event interrupt 0x0000_0158
71 78 Settable [I2C3_ER 12C3 error interrupt 0x0000_015C
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Position | Priority Ty.pe.of Acronym Description Address
priority
72 79 Settable (I2C4_EV 12C4 event interrupt 0x0000_0160
73 80 Settable [I2C4_ER 12C4 error interrupt 0x0000_0164
74 81 Settable |[UART6 UART®6 global interrupt 0x0000_0168
75 82 Settable |[UART7 UART?7 global interrupt 0x0000_016C
76 83 Settable [DMAL1 channel 8 DMAL channel 8 global interrupt 0x0000_0170
77 84 Settable [DMAZ2 channel 8 DMAZ2 channel 8 global interrupt 0x0000_0174
78 85 Settable [DVP DVP global interrupt 0x0000_0178
79 86 Settable BAG SAC global interrupt 0x0000_017C
80 87 Settable [MMU MMU global interrupt 0x0000_0180
81 88 Settable [Reserved Reserved 0x0000_0184
82 89 Settable [COMP_1_2 3 COMP1, COMP2, COMP3 global interrupt [0x0000_0188
83 90 Settable [COMP_4_5 6 COMP4, COMP5, COMP6 global interrupt [0x0000_018C
84 91 Settable |[COMP7 COMP?7 global interrupt 0x0000_0190
85 92 Settable [R-SRAM R-SRAM error interrupt 0x0000_0194

2.2 External interrupt/event controller (EXTI)

2.2.1 Introduction

The external interrupt/event controller includes 21 edge detection circuits that generate interrupt/event triggers. Each
input line can be independently configured with pulse or pending level input type, and three trigger event types of
rising edge, falling edge or both edge can also be independently configured. The pending register holds the interrupt
request of the status line, The interrupt request can be cleared by writing a '1' operation in the corresponding bit of
the Pending register.

2.2.2 Main features

The main features of EXTI controller are as follows:

B Support 21 software interrupt/event requests

B The corresponding interrupt/event of each input line can be independently configured with trigger or mask.
B Each interrupt line has an independent status bit.

B Support pulse or suspend input type

B Three types of trigger events are supported: rising edge, falling edge or double edge.

B Wake-up to exit power-saving mode
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Figure 2-1 External interrupt/event controller block diagram
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2.2.3 Functional description

EXTI contains 21 interrupt lines, of which 16 are from 1/O pins and 5 are from internal peripherals or modules. To
generate an interrupt, the NVIC interrupt channel of the external interrupt controller must be configured to enable
the corresponding interrupt line. Select the type of rising edge, falling edge or double edge trigger event through edge
trigger configuration registers EXTI_RT_CFG and EXTI_FT_CFG, and write '1' to the corresponding bit of the
interrupt mask register EXTI_IMASK to open the interrupt request. When the preset edge trigger polarity is detected
on the external interrupt line, an interrupt request will be generated and the corresponding Pending bit will be set to
'1'. Writing '1" in the corresponding bit of the Pending register will clear the interrupt request.

To generate an event, the corresponding event line must be configured and enabled. According to the required polarity
of edge detection, set the rising/falling edge trigger configuration register, and write '1' in the corresponding bit of
the event mask register to allow the interrupt request. When the preset edge occurs on the event line, an event request
pulse will be generated, and the corresponding Pending bit will not be set to '1".

In addition, by writing '1" in the software interrupt/event register, an interrupt/event request can also be generated by
software.
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B Hardware interrupt configuration, select and configure 21 lines as interrupt sources as required:
€ Configure the mask bits of 21 interrupt lines (EXTI_IMASK);

€ Configure the trigger configuration bits (EXTI_RT_CFG and EXTI_FT_CFG) of the selected
disconnection;

€ Configure the enable and mask bits that control the NVIC interrupt channel mapped to the External
Interrupt Controller so that an interrupt coming from one of the 21 lines can be correctly acknowledged.

B Hardware configuration, select and configure 21 lines as event sources as required:
€ Configure the mask bits of 21 event lines (EXTI_EMASK);
€ Configure the trigger selection bits (EXTI_RT_CFG and EXTI_FT_CFG) of the event lines.

B Software interrupt/event configuration, select and configure 21 lines as software interrupt/event lines as required:
€ Configure 21 interrupt/event line mask bits (EXTI_IMASK, EXTI_EMASK);

€ Configure the request bit of the software interrupt event register (EXTI_SWIE).

2.2.4 EXTI line mapping
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To configure external interrupts/events on the GPIO line through AFIO_EXTI_CFGy, the AFIO clock must be
enabled first. The general 1/O port is connected to 16 external interrupt/event lines in the way shown above. The other

Figure 2-2 External interrupt GP1O mapping
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5 EXTI lines are connected as follows:

The EXTI line 16 is connected to PVD output
The EXTI line 17 is connected to RTC alarm event

The EXTI line 18 is connected to the USB wake-up event

The EXTI line 19 is connected to the Ethernet wake-up event.
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B The EXTI line 20 is connected to RTC wake-up event

2.3 EXTI registers

EXT]I base address: 0x40010400

2.3.1 EXTI register review

Table 2-2 EXTI register review

o] reiow || 5] |8] 58|72 |88 |a]=]a]a]=]8]a]=]=]=]=]=]]=]~]=]=]=]-]~]~]°
EXTI_IMASK IMASK[20:0]
000h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0’0’0’0’0’0’0’0
EXTI_EMASK EMASK][20:0]
004h Reserved
Reset Value O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_RT_CFG, RT_CFG[20:0]
008h Reserved
Reset Value O‘O‘O‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
EXTI_FT_CFG FT_CFG[20:0]
00Ch Reserved
Reset Value 0‘0‘0‘O‘O‘O‘O‘O‘O‘O‘O‘O‘O‘OIOIOIOIOIOIOIO
EXTI_SWIE SWIE[20:0]
010h Reserved
Reset Value ofojofojo|lOoOfO|J]OfO]j]O|O|J]O)JOfO]J]OfO|]O]O|O|O]O
S|8|8|8|8|8|3|8|8|8|8|3|8|&|8|8|2|8|8|38|8
EXTI_PEND zlzl|lz|z|zl|z|z|2|z|z2z|2|8|8|&|&|l&|&|8|&|&|&
014h Reserved gl yjgjlygygjgdidlal|lala|la|lajalja|la|a|a
Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EXTI_TS_SEL TSSEL[3:0]
018h Reserved
Reset Value 0 ‘ 0 ‘ 0 ‘ 0
2.3.2 EXTI interrupt mask register (EXTI_IMASK)
Address offset: 0x00
Reset value: 0x0000 0000
31 21 20 19 18 17 16
T T T T T T
Reserved IMASK20{IMASK19|{IMASK18|IMASK17(IMASK16
1 1 1 1 1 1
™w ™ ™w ™w ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IMASK15|IMASK14|{IMASK13|IMASK12{IMASK11|{IMASK10| IMASK9 | IMASKS8 | IMASK7 | IMASK6 | IMASKS5 | IMASK4 | IMASK3 [ IMASK2 | IMASK1 | IMASKO
™w ™w ™w ™w ™w ™w ™w ™ ™w ™w ™w ™w ™w ™w ™w ™w
Bit field Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20:0 IMASKX Interrupt mask on line x
0: Interrupt request from line x is masked;
1: Interrupt request from line x is not masked.
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2.3.3 EXTI event mask register (EXTI_EMASK)

Address offset: 0x04
Reset value: 0x0000 0000
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31 . . i . . i . . ; . 21 20 19 18 17 16
I EMASK | EMASK | EMASK | EMASK | EMASK
Reserved 20 19 18 17 16
my W w (53 ™w
15 14 13 12 11 10 9 L) 7 3] 5 4 3 2 | 1]
EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK | EMASK
15 14 13 12 11 1] 9 8 7 6 5 4 3 2 | 0
nw ™ ™w w ™ ™ ™ ™ ™ ™ w ™ ™w ™w ™ ™
Bit field Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20:0 EMASKXx Event mask on line x
0: Event request from line x is masked;
1: Event request from line x is not masked
2.3.4 Rising trigger selection register (EXTI_RT_CFG)
Address offset: 0x08
Reset value: 0x0000 0000
31 21 20 19 18 17 16
' ' ' ' Reserved ' ' ' ' RT RT RT RT RT
eserve _CFG20 | CFGI9 | CFGI8 | CFGI7| CFGl6
w w w nw w
15 14 13 12 11 10 9 8 7 [ 5 4 3 2 1 0
RT RT RT RT RT RT RT RT RT RT RT RT RT RT RT RT
_CFGI5 | CFGl4 | CFGI3| CFGI2| CFGIl | CFGIO| CFGO | CFG8 | CFG7 | CFG6 | CFG5 | CFG4 | CFG3 | CFG2 | CFGl | CFGo
w w ww nw w o w w w w w w w w w w
Bit field Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20:0 RT_CFGx Rising trigger event configuration bit of line x.
0: Rising trigger disabled (interrupts and events) for input line x.
1: Rising trigger enabled (interrupts and events) for input line x.
2.3.5 Falling trigger selection register (EXTI_FT_CFG)

Address offset: 0x0C

Reset value: 0x0000 0000
31 21 20 19 18 17 16
T T T T T T
Reserved FT FT FT FT FT
SEved _CFG20 | CFG19 | CFGI8 | CFG17| CFGl6
ny W w nw ™w
15 14 13 12 11 10 9 ¥ 7 6 5 4 3 2 I i
FT FT FT FT FT FT FT FT FT FT FT FT FT FT FT FT
CCFGIS | _CFG14 | CFGI3 | CFGI2 | CFGIH | CFGIO | CFGY _CFGS CFGT _CFG6 _CFGS CFG4 _CFG3 _CFG2 _CFGI _CFGO
™ ™ ™w w ™ ™w ™w ™w ™ w w ™ ™w ™ w ™
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Bit field Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20:0 FT_CFGx Falling trigger event configuration bit of line x.

0: Falling trigger disabled (interrupts and events) for input line x.
1: Falling trigger enabled (interrupts and events) for input line x.

2.3.6 EXTI software interrupt event register (EXTI_SWIE)

Address offset: 0x10
Reset value: 0x0000 0000

31 21 20 19 18 17 16
I I IReservedl I I I I SWIE20 | SWIE19 | SWIEI8 | SWIE17 | SWIE16
I I I I I I I I rc wl rc wl rc wl rc wl rc wl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SWIEIS | SWIEI4 | SWIEI3 | SWIE12 | SWIEIL | SWIEI0 | SWIE9 | SWIES | SWIE7 | SWIE6 | SWIES | SWIE4 | SWIE3 | SWIE2 | SWIEl | SWIEO
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_ wl rc_wl rc_wl rc_wl rc_wl rc_ wl rc_wl
Bit field Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20:0 SWIEX Software interrupt on line x
When this bit is '0', writing '1" will set the corresponding Pending bit in EXTI_PEND.
If this interrupt is allowed in EXTI_IMASK and EXTI_EMASK, an interrupt will be
generated at this time.
Note: By writing '1' to clear the corresponding bit of EXTI_PEND, this bit can be
cleared to '0'".

2.3.7 EXTI pending register (EXTI_PEND)

Address offset: 0x14
Reset value: 0x0000 0000

31 21 20 19 18 17 16
T T T
Reserved PEND20 | PEND19 | PENDI8 | PENDI7 | PEND16
1 1 1
rc wl rc wl rc wl rc wl rc wl
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PENDI5 | PENDI4 | PENDI13 | PENDI2 | PENDI1 | PENDIO | PEND9 | PENDS | PEND7 | PEND6 | PENDS | PEND4 | PEND3 | PEND2 | PENDI | PENDO
rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl rc_ wl rc_wl rc_wl rc_wl rc_wl rc_ wl rc_wl
Bit field Name Description
31:21 Reserved Reserved, the reset value must be maintained.
20:0 PENDx Pending bit on line x
0: No pending request occurred.
1: A pending trigger request has occurred.
This bit is set to '1' when a selected edge trigger event occurs on the external interrupt
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Bit field

Name

Description

line. Write '1" in this bit to clear it, or change the polarity of edge detection to clear
this bit.

2.3.8 EXTI timestamp trigger source selection register (EXTI_TS_SEL)

Address offset; 0x18

Reset value: 0x0000 0000

31

Reserved
L L L L L L L L L L

T T T T T T T T T
Reserved TSSEL[3:0]
1

™

Bit field Name Description
31:4 Reserved Reserved, the reset value must be maintained.
3.0 TSSEL[3:0] Select external interrupt input as trigger source of timestamp event.

0: Select EXTIO as the trigger source of timestamp event;
1: Select EXTI1 as the trigger source of timestamp event;

15: Select EXTI15 as the trigger source of timestamp event.
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3 Memory and bus architecture

3.1 System architecture

3.1.1 Bus architecture

Figure 3-1 Bus architecture

TIM8

COMP
1/2/3/4/51617

TIM6

TIM7

DAC1

DAC2

CAN1

CAN2

12C1

12C2

SPI13/12S3

SPI12/12S2

www.nationstech.com

i

I I
; TPIU 1
Flash | i SWIITAG ]
EFC < > ICode | !
P . ]
o Jo=> — 3
< =p Cortex-M4FP 1
_sBus | Fmaxidamiz [COTe)
N [ » |
SRAM | > T i !
NVIC
: | |
3 i FPU }
R-SRAM |« > ?é ; DSP 1
s L 1
DMA
« | » DMAL
5
= DMA
QsPl | > 3l > DMA2
@
m
SDIO a
e o < le > ETH
CRC ~ -
< > ADC1234
_ )
< TIM2
EXTI
TIM3
GPIOA DVP
PWR TIM4
GPIOB ~ USARTL
2
GPIOC 2 SPI1
2
= IWDG % USART3
GPIOE 12C4 ©
o WWDG 2 UART4
GPIOF < UART6 S
;
OPAMP o USB2.0FS

48838

ICode bus: Connect the ICode bus of Cortex™-MA4FP core with the flash instruction interface. Instruction
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prefetching is completed on this bus.

B The DCode bus connects the DCode bus of Cortex™-MA4FP core with the data interface of flash memory
(constant loading and debugging access).

B SBus bus connects the SBus bus (peripheral bus) of Cortex™-M4FP core to the bus matrix, which coordinates
the access between the core and DMA.

B SAC/CRC has designed matrix interconnection, which supports DMA transmission by software triggering.

B The system consists of two AHB2APB Bridges, i.e. AHB2APB1 and AHB2APB2. Among them, APB1
contains 26 low-speed APB peripherals, and the maximum speed of PCLK1 is 36MHz; APB2 contains 18 high-
speed APB peripherals, and the maximum speed of PCLK2 is equal to 72MHz.

3.1.2 Bus address mapping

The address mapping includes all AHB and APB peripherals: AHB peripherals, APB1 peripherals, APB2 peripherals,
Flash, SRAM, System Memory, etc. And the address space of SRAM is located in the bit-band Region of SRAM,
and atomic accesses can be made through the bit-band Alias to performed read-modify-write operations on the target
bits of the bit-band region. The address spaces of all APB and AHB peripherals are located in the bit-band Region of
the peripherals. Atomic accesses can be made through the bit-band Alias to performed read-modify-write operations
on the target bits of the bit-band region. The specific mapping is as follows:
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Figure 3-2 Bus address map

Reserved 0x4002_A000 - OXSFFF_FFFF

ETH 0x4002_8000 - 0x4002_9FFF

Reserved 0x4002_5000 - 0x4002_7FFF

MMU 0x4002_4C00 - 0x4002_4FFF

Reserved 0x4002_4800 - 0x4002_4BFF

SAC SRAM 512B*2 0x4002_4400 ~ 0x4002_47FF

SAC 0x4002_4000 - 0x4002_43FF

Reserved 0x4002_3400 - 0x4002_3FFF

CRC 0x4002_3000 - 0x4002_33FF

Reserved 0x4002_2400 - 0x4002_2FFF

FLASH 0x4002_2000 - 0x4002_23FF

ADC4 0x4002_1C00 - 0x4002_1FFF

ADC3 0x4002_1800 - 0x4002_1BFF

Reserved 0x4002_1400 - 0x4002_17FF

RCC 0x4002_1000 - 0x4002_13FF

ADC2 0x4002_0C00 - 0x4002_OFFF

0XE010_0000 - OXFFFF_FFFF Reserved | ADC1 0x4002_0800 - 0x4002_OBFF

% DMA2 0x4002_0400 - 0x4002_07FF

< DMAL 0x4002_0000 ~ 0x4002_03FF

Vendor Specific 511MB Reserved 0x4001_8400 - 0x4001_FFFF

OXEOOF_F000 - OXEOOF_FFFF ROM Table SDIO 0x4001_8000 - 0x4001_83FF
0xE004_2000 - OXEQOF_EFFF External PPB

OXE004_1000 - OXE004_1FFF Reserved

0XE004_0000 - OXE004_OFFF TPIU Private Peripheral - External 768KB Reserved 0x4001_5800 - 0x4001_7FFF

UART7 0x4001_5400 - 0x4001_57FF

] ] UART6 0x4001_5000 - 0x4001_53FF

OXE000_FO00 - OXE003_FFFF Reserved Private Peripheral -~ Internal 256KB DVP 0x4001_4C00 - 0x4001_4FFF

0XE000_E000 - OXE000_EFFF NVIC 12C4. 0x4001_4800 - 0x4001_4BFF

0XE000_3000 - OXE000_DFFF Reserved 12C3 0x4001_4400 - 0x4001_47FF

0XE000_2000 - OXE000_2FFF FPB Reserved 0x4001_3C00 - 0x4001_43FF

0XE000_1000 - OXE000_LFFF DWT USARTL 0x4001_3800 - 0x4001_3BFF

0XE000_0000 - OXEO00_OFFF I™ TIM8 0x4001_3400 - 0x4001_37FF

SPIL 0x4001_3000 - 0x4001_33FF

. TIML 0x4001_2C00 - 0x4001_2FFF

Extended register 1GB Reserved 0x4001_2400 - 0x4001_2BFF

0XA000_2000 - OXDFFF_FFFH] Reserved ~ GPIOG 0x4001_2000 - 0x4001_23FF

0xA000_1000 - 0xA000_1FFF QSPI Register om GPIOF 0x4001_1C00 - 0x4001_1FFF

0xA000_0000 - 0xAO000_OFFF Reserved o GPIOE 0x4001_1800 - 0x4001_1BFF

< GPIOD 0x4001_1400 - 0x4001_17FF

GPIOC 0x4001_1000 - 0x4001_13FF

0x9000_0000 - OX9FFF_FFFF [ QSPI Bank [ GPIOB 0x4001_0C00 - 0x4001_OFFF

0x6000_0000 - OX8FFF_FFFF | Reserved | GPIOA 0x4001_0800 - 0x4001_OBFF

EXTI 0x4001_0400 - 0x4001_O7FF

AFIO 0x4001_0000 ~ 0x4001_03FF

. Reserved 0x4000_7800 - 0x4000_FFFF

0x4400_0000 - OX5FFF_FFFF Reserved Extended Device 1GB DAC 0x4000_7400 - 0x4000_77FF

0x4254_0000 - OX43FF_FFFF Reserved(bit-band Alias) PWR 0x4000_7000 - 0x4000_73FF

0x4200_0000 - 0x4253_FFFF Peripheral Alias(bit-band Alias) BKP 0x4000_6C00 - 0x4000_6FFF

0x4010_0000 - O0x41FF_FFFF Reserved CAN2 0x4000_6800 - 0x4000_6BFF

0x4002_A000 - 0x400F_FFFF Reserved(bit-band Region) CAN1 0x4000_6400 - 0x4000_67FF

0x4000_0000 - 0x4002_9FFF AHB/APB1/APB2(bit-band Region) USB/CAN1 SRAM 5128 0x4000_6000 - 0x4000_63FF

USB Register 0x4000_5C00 ~ 0x4000_5FFF

12C2 0x4000_5800 - 0x4000_5BFF

0x2400_0000 - OX3FFF_FFFF Reserved 12C1 0x4000_5400 - 0x4000_57FF

0x2248_0000 - O0x23FF_FFFF Reserved(bit-band Alias) UART5 0x4000_5000 - 0x4000_53FF

0x2200_0000 - 0x2247_FFFF SRAM Alias(bit-band Alias) Peripheral 0.5GB UART4 0x4000_4C00 - 0x4000_4FFF

0x2010_0000 - Ox21FF_FFFF Reserved — USART3 0x4000_4800 - 0x4000_4BFF

0x2002_4000 - 0x200F_FFFF Reserved(bit-band Region) om USART2 0x4000_4400 ~ 0x4000_47FF

0x2002_0000 - 0x2002_3FFF SRAM/Retention SRAM o Reserved 0x4000_4000 - 0x4000_43FF

0x2000_0000 - 0x2001_FFFF (bit-band Region) < SPI3/12S3 0x4000_3C00 - 0x4000_3FFF

SPI2/1252 0x4000_3800 - 0x4000_3BFF

Reserved 0x4000_3400 - 0x4000_37FF

OXIFFF_F812 - OXIFFF_FFFF Reserved SRAM 0.5GB IWDG 0x4000_3000 - 0x4000_33FF

OX1FFF_F800 - OX1FFF_F811 Opti WWDG 0x4000_2C00 - 0x4000_2FFF

OX1FFF_4000 - OXLFFF_F7FF Reserved RTC 0x4000_2800 ~ 0x4000_2BFF

OX1FFF_0000 - OXLFFF_3FFF y COMP 0x4000_2400 - 0x4000_27FF

0x1002_0000 - OX1FFE_FFFF Reserved OPAMP 0x4000_2000 - 0x4000_23FF

0x1000_0000 - 0x1001_FFFF Aliased to SRAM Reserved 0x4000_1C00 - 0x4000_1FFF

0x0808_0000 ~ OXOFFF_FFFF Reserved Reserved 0x4000_1800 - 0x4000_1BFF

0x0800_0000 - 0x0807_FFFF Main FLASH CODE 0.5GB TIM7 0x4000_1400 - 0x4000_17FF

0x0008_0000 - O0XO7FF_FFFF Reserved TIM6 0x4000_1000 - 0x4000_13FF

0x0000_0000 - 0x0007_FFFF | Aliased to Fl YISRAM TIM5 0x4000_0CO00 ~ 0x4000_OFFF

TIM4 0x4000_0800 - 0x4000_OBFF

TIM3 0x4000_0400 - 0x4000_07FF

TIM2 0x4000_0000 - 0x4000_03FF

3.1.2.1 Bit banding

Cortex™-M4FP memory image includes two bit-band areas. These two bit-band areas map each word in the alias
memory area to a bit in the bit-band memory area. When writing a word in the alias area, it is equivalent to performing
a read-modify-write operation on the target bits of the bit segment area.

Both the peripheral registers and SRAM are mapped into a bit-band area, which allows a single bit-band area write
and read operation to be performed.

The following mapping formula shows how each byte in the alias area corresponds to the corresponding bit in the bit
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band area:
bitband_byte addr = bitband _base + (byte_offset>32) + (bit_number>4)
In which:
bitband_byte addr is the address of the byte in the alias memory area, which is mapped to a certain target bit;
bitband_base is the starting address of alias area;
byte_offset is the serial number of the byte containing the target bit in the bit-band,;
bit_number is the position of the target bit (0-7).
For example:
The following example shows how to map bit 4 in bytes with SRAM address 0x20000400 in alias area:
022008010 = 022000000 + (0x400>32) + (4>4).

Writing to address 0x22008010 has the same effect as reading-modify-writing to bit 4 of address 0x20000400 bytes
in SRAM.

Reading 0x22008010 address returns the value of bit 4 (0x01 or 0x00) of address 0x20000400 bytes in SRAM. Please
refer to “Cortex™-M4 Technical Reference Manual” for more information about bit-banding.

3.1.3 Boot management

3.1.3.1 Boot address

When the system starts, the boot mode after reset can be selected through BOOT1 and BOOTO pins. After system
reset or exit from standby mode, the value of BOOT pin will be re-latched. After a startup delay, the CPU gets the
address at the top of the stack from address 0x0000 0000 and executes the code from the reset vector address
indicated by address 0x0000_0004.Because of the Cortex™-M4 always gets the stack top pointer and reset vector
from addresses 0x0000_0000 and 0x0000_0004, so boot is only suitable for starting from the CODE area, and address
remapping is designed for boot space. There are three boot modes to choose from:

B Boot from Main Flash:
€ Mian flash memory is mapped to the boot space (0x0000_0000);

€ Mian flash memory is accessible in two address areas, 0x0000 0000 or (0x0800 0000
(1Code/DCode/DMAL/DMAZ2);

B Boot from System Memory:
€ System memory is mapped to boot space (0x0000_0000);

€ System memory can be accessed in two address areas, 0x0000_0000 or Ox1FFF_0000
(1Code/DCode/DMAL/DMA2);

B Boot from the built-in SRAM:
€ The built-in SRAM is mapped to boot space (0x0000_0000);

€ The built-in SRAM is accessible in two address areas, 0x0000 0000 or 0x2000_0000

(1Code/DCode/SBus/DMA1/DMAZ2);
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3.1.3.2 Boot configuration

In addition, SRAM can also be accessed through virtual address segment 0x1000_0000, which makes the CPU jump
to SRAM to run programs through ICode/DCode after starting from Main Flash or System Memory (note that
programs are not started from SRAM and do not belong to startup mode). In addition to the BOOT pin configuration
boot program, there are two ways to run the program in SRAM:

B Jump directly to the physical address segment 0x2000_0000 of SRAM to run the program. At this time, the
program will be run through SBus.

B Jump to the virtual address segment 0x1000_0000 of SRAM, and internally remap to the physical address
segment 0x2000_0000 to run the program. At this time, the program will run efficiently through 1Code/DCode.

Table 3-1 List of boot mode

Boot mode select . . ]
. Specifies the start address for accessing memory space in boot mode
pin Boot mode

BOOT1 | BOOTO Main Flash

System Memory SRAM

X 0 Mian Flash start

0x0000_0000
0x0800_0000

O0XLFFF_0000

0x1000_0000
0x2000_0000

System Memory

0x0000_0000

0x1000_0000

0 1 0x08000000
start 0x1FFF_0000 0x2000_0000
0x0000_0000
1 1 SRAM start 0x08000000 0x1FFF_0000 0x1000_0000

0x2000_0000

3.1.3.3 Embedded boot loader

Embedded boot loader program is stored in the system memory System Memory and is used to reprogram the flash
memory through the USART1 or USB-FS interface (full-speed USB device, DFU protocol). The USB-FS interface
can only be run when the external clock (HSE) of 4MHz, 6MHz, 8MHz, 12MHz, 16MHz, 18MHz, 24MHz and
32MHz is used. In addition to the above-mentioned 8-frequency external clock (HSE), the USARTL interface can
also rely on the internal 8BMHz oscillator (HSI) to run. Consult the bootloader manual for further details.

3.2 Memory system

The program memory, data memory, registers and 1/O ports are organized in the same 4GB linear address space. Data
bytes are stored in the memory in little endian format. The lowest address byte in a word is regarded as the least
significant byte of the word, while the highest address byte is the most significant byte. The specifications of program
memory and data memory are as follows.

3.2.1 FLASH specification

Flash consists of a main storage area and an information area, which are described separately below: (Capacity values
in the following description do not include ECC)

B The maximum main memory area is 512KB, also known as main flash memory, which contains 256 Page for
storing and running user programs and storing data.
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B The information area is 20KB, including 10 Page, and consists of system storage area (16KB), system
configuration area (2KB) and option byte area (2KB).

€ The System Memory area is 16KB, which contains 8 Page, also known as System Memory, and is used to
store and run the BOOT program.

€ The system configuration area is 2KB, including 1 Page.

€ The Option Byte area is 2KB, containing 1 Page, also known as Option Byte, and the effective space is
18B, BOOT programs and user programs can be read, written or erased.

3.2.1.1 Flash memory module organization

Bus address space is allocated to the main storage area and the information area.

Table 3-2 Flash bus address list

Memory area Page name Address range Size
Page 0 0x0800_0000 — 0x0800_07FF 2KB
Page 1 0x0800_0800 — 0x0800_0OFFF 2KB
Main memory area Page 2 0x0800_1000 — 0x0800_17FF 2KB
Page 255 0x0807_F800 — 0x0807_FFFF 2KB
System memory area O0x1FFF_0000 — Ox1FFF_3FFF 16KB
Information area System configuration area Ox1FFF_F000 — OX1FFF_F7FF 2KB
Option byte area Ox1FFF_F800 — OX1FFF_F811 18B
FLASH_AC 0x4002_2000 — 0x4002_2003 4B
FLASH_KEY 0x4002_2004 — 0x4002_2007 4B
FLASH_OPTKEY 0x4002_2008 — 0x4002_200B 4B
FLASH_STS 0x4002_200C — 0x4002_200F 4B
FLASH_CTRL 0x4002_2010 — 0x4002_2013 4B
Memory area FLASH_ADD 0x4002_2014 — 0x4002_2017 4B
interface Reserved 0x4002_2018 — 0x4002_201B 4B
register FLASH_OB 0x4002_201C — 0x4002_201F 4B
FLASH_WRP 0x4002_2020 — 0x4002_2023 4B
FLASH_ECC 0x4002_2024 — 0x4002_2027 4B
Reserved 0x4002_2028 — 0x4002_202B 4B
FLASH_RDN 0x4002_202C — 0x4002_202F 4B
FLASH_CAHR 0x4002_2030 — 0x4002_2033 4B

Flash memory is organized into 32-bit wide memory units, which can store codes and data constants.

Information is divided into three parts:

B The system memory area is used for storing a boot program for boot loader mode of the system memory. The
boot program uses USART1 and USB (DFU) serial interface to program the flash memory.

B System configuration area, which contains basic information of the chip.
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B Option byte area, writing to main memory and information block is managed by embedded flash
programming/erasing controller.

There are two ways to protect flash memory from illegal access (read, write and erase):

B Page write protection (WRP)

B Read protection (RDP)

When the flash memory write operation is executed, any read operation to the flash memory will lock the bus, and
the read operation can only be carried out correctly after the write operation is completed. That is, when writing or
erasing, cannot have any read access to the code or data.

The internal RC oscillator (HSI) must be turned on when the flash memory is programmed (written or erased).
Note: In the low power consumption mode, all flash memory operations are suspended.
3.2.1.2 Read and write operation

The Flash operation only supports 32-bit operation, and the Flash should be erased before the write operation, and
the minimum block size for erasing is one Page 2KB. Write operation is divided into programming and erasing phases.

When reading Flash, the number of waiting cycles for reading can be configured by the register. When using, it needs
to be calculated in combination with the clock frequency of AHB interface. For example, when HCLK<=32MHz,
the minimum number of waiting periods is 0; When 32MHz<HCLK<=64MHz, the minimum number of waiting
periods is 1; When 64MHz<HCLK<=96MHz, the minimum number of waiting periods is 2; When
96MHz<HCLK<=128MHz, the minimum number of waiting periods is 3;When 128MHz<HCLK<=144MHz, the
minimum number of waiting periods is 4.

Note: Enable prefetch buffer whether number of wait periods is not zero can improve overall efficiency.

3.2.1.3 Unlock Flash

After reset, the Flash module is protected and cannot be written into the FLASH_CTRL register to prevent accidental
operation of Flash due to electrical interference and other reasons. By writing a specific sequence of key values into
the FLASH_KEY register, you can open the operation authority of the FLASH_CTRL register. The specific sequence
is: Firstly, writing KEY1 = 0x45670123 in the FLASH_KEY register. Secondly, write KEY2 = OXCDEF89AB in the
FLASH_KEY register.

If there is an error in sequence or key value, a bus error will be returned and the FLASH_CTRL register will be
locked until the next reset. The software can check whether the Flash has been unlocked by looking at the
FLASH_CTRL.LOCK bit. If normal lock setting is needed, it can be realized by setting the FLASH_CTRL.LOCK
bit to 1 by software. After that, you can unlock the Flash by writing the correct key value series in FLASH_KEY.

3.2.1.4 Erase and program

3.2.1.4.1 Erase of main memory area

The main memory area can be erased page by page or whole.
Page Erase

Page Erase process:

B Check the FLASH_ STS.BUSY bit to confirm that there are no other flash operations in progress;
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B Setthe FLASH _CTRL.PER bitto'1";

B Select the page to be erased with the FLASH_ADD register;
B Setthe FLASH _CTRL.START bitto'1;

B Wait for the FLASH_ STS.BUSY bit to change to' 0';

B Read out the erased page and verify it.

Mass Erase

Mass Erase process:

B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Setthe FLASH CTRL.MER bitto'1';

B Setthe FLASH _CTRL.START bitto'1;

B Wait for the FLASH_ STS.BUSY bit to change to' 0';

B Read out all pages and verify.

3.2.1.4.2 Main memory area programming

The main memory area can be programmed with 32 bits at a time. When the FLASH_CTRL.PG bit is' 1', writing a
word in a flash address will start programming once; Writing any half word of data will result in a bus error. During
the programming process (the FLASH_ STS.BUSY bit is' 1), any operation of reading or writing the flash memory
will cause the CPU to pause until the end of the flash programming.

Main memory programming process:

B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Setthe FLASH CTRL.PG bitto 1

B Write the word to be programmed at the specified address;

B Wait for the FLASH_ STS.BUSY bit to change to '0';

B Read the written address and verify the data.

Note: When the FLASH_STS.BUSY bit is '1', you cannot write to any register.

3.2.1.4.3 Option byte erase and programming

The option byte area is programmed differently from the main storage area. The number of option bytes is only 9
bytes (4 bytes for write protection, 2 bytes for read protection, 1 byte for configuration and 2 bytes for storing user
data). After unlocking the Flash, you must write KEY1 and KEY 2 respectively (see 3.2.1.3) to the FLASH_OPTKEY
register, and then set the FLASH_CTRL.OPTWE bit to' 1'. At this time, the option byte area can be programmed: set
the FLASH_CTRL.OPTPG bit to' 1' and then write the word to the specified address.

When programming the word in the option byte area, use the low byte in the half-word and automatically calculate
the high byte (the high byte is the complement of the low byte), and start the programming operation, which will
ensure that the option byte and its complement are always correct.

Option byte erase process:
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B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Unlock the FLASH_CTRL.OPTWE bit;

B Setthe FLASH_CTRL.OPTER bit to '1';

B Setthe FLASH_CTRL.START bitto '1;

B Wait for the FLASH_ STS.BUSY bit to change to '0';

B Read the erased option byte and verify it.

Option byte area programming process:

B Check the FLASH_STS.BUSY bit to confirm that there are no other flash operations in progress;
B Unlock the FLASH_CTRL.OPTWE bit;

B Setthe FLASH_CTRL.OPTPG bit to '1";

B \Writing the word to be programmed to the specified address;

B Wait for the FLASH_ STS.BUSY bit to change to '0';

B Read the written address and verify the data.

3.2.1.5 ECC function

The Flash module supports the ECC function to realize 1-bit error detection and 1-bit error correction. ECC encoding
and decoding (error correction, error detection) are automatically performed by hardware. If an error is detected, the
error bit is set and an interrupt is generated.

3.2.1.6 Instruction prefetching

The instruction prefetch function of Flash module supports the prefetch Buffer of 16B. Through instruction
prefetching, the instruction execution efficiency of CPU can be improved. The instruction prefetch function can be
configured to be enabled or disabled through the register, and it is enabled by default.

3.2.1.7 Option byte

Option byte block is mainly used to configure read-write protection, boot mode configuration, software/hardware
watchdog configuration and reset options when the system is in standby/stop0/stop2 mode, and bus address space is
allocated for read-write access. They consist of byte with 9 options: 4 byte for write protection, 2 bytes for read
protection, 1 byte for configuration option, 2 bytes defined by user, These 9 bytes need to be written through the bus.
The option byte block also contains the complement codes corresponding to these 9 option bytes. These complement
codes need to be automatically calculated by hardware when the option bytes are written in the bus, and written into
Flash together, and used for verification when the option bytes are read.

By default, the option byte block is always readable and write-protected. To write (program/erase) the option byte
block, first unlock the Flash, then unlock the option byte: write the correct key-value sequence (KEY1 = 0x45670123,
KEY2 = OXCDEF89AB) in the FLASH_OPTKEY, and then write the option byte block will be allowed. If the
sequence is wrong or the key value is wrong, a bus error will be returned and the option byte will be locked until the
next reset. If it is necessary to set the lock normally, it can be realized by writing 0 to the FLASH_CTRL.OPTWE
bit by software, and then the option byte can be unlocked by writing the correct key-value series in the
FLASH OPTKEY.
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After each system reset, the option byte data is read out from the option byte block of Flash and stored in the option
byte register (FLASH_OB/FLASH_WRP) with read-only property. At the same time, the option byte complement
data read out together will be used to verify whether the option byte data is correct. If it does not match, an option
byte error flag (FLASH_OB.OBERR) will be generated. When an option byte error occurs, the corresponding option
byte is forced to OXFF. When the option byte and its complement are both OxFF (the state after erasing), the above

verification steps are skipped and verification is not required.

Table 3-3 Option byte list

[31:24] [23:16] [15:8] [7:0]
Address Corresponding Option byte Corresponding Option byte
complement code complement code
Ox1FFF_F800 nUSER USER nRDP1 RDP1
Ox1FFF_F804 nDatal Datal nData0 Data0
Ox1FFF_F808 nWRP1 WRP1 nWRPO WRPO
Ox1FFF_F80C nWRP3 WRP3 NWRP2 WRP2
Ox1FFF_F810 - nRDP2 RDP2

B Read protection L1 level option byte: RDP1

€ Protect the code stored in the flash memory;

€ When the correct value is written, it will be forbidden to read the flash memory;

€ The result of whether RDP1 is turned on or not can be inquired through FLASH_OBI[1];

B User configuration options: USER

*
*

B 2 bytes of user data: Datax

USER[7:3]: Reserved

USER[2]: nRST_STDBY configuration options, read through FLASH_OB [4]

0: Reset when entering standby mode

1: No reset occurs when entering standby mode

USER[1]: nRST_STOP, read through FLASH_OB|[3]

0: Reset occurs when entering stop0/stop2 mode

1: No reset occurs when entering stopO/stop2 mode

USER[0]: WDG_SW configuration options, read through FLASH_OB [2]

0: Hardware watchdog

1: Software watchdog

€ Datal (stored in FLASH_OB[25:18]);

€ Data0 (stored in FLASH_OB [17:10]);

B \Write protection option byte: WRPO ~ 3, which can be written through the register FLASH _WRP [31:0] query
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€ WRPO: write protection of pages 0-15, bit [0] corresponds to Page0 / 1,., bit [7] corresponds to pagel4 /
15;

€ WRP1: write protection on pages 16-31, bit [0] corresponds to Pagel16 / 17,., bit [7] corresponds to Page30
/31,

€ WRP2: write protection on pages 32-47 bit [0] corresponds to Page32 / 33,., bit [7] corresponds to Page46
[ 47;

€ WRP3: write protection on pages 48-255, bit [0] corresponds to Page48 /49., bit [6] corresponds to Page60
/61, bit [7] corresponds to Page62 / 255;

B Read protection L2 level option byte: RDP2
€ Add protection function on the basis of L1, see 3.2.1.9 detailed description of read protection;
€ Whether RDP2 is turned on or not can be determined by FLASH_OB [31] query;

3.2.1.8 Write protect

Write protection can be configured for all pages in the flash main storage area (maximum 512KB) to prevent
accidental write operations caused by program runaway or electrical interference. The basic unit of write protection
is: for Page0 ~ 61, every 2 pages is a basic protection unit, for Page62~255, together as a protection unit. Write
protection can be configured by setting WRPO ~ 3 in the option byte block; After each configuration, A system reset
is required for the configured value to be reloaded to take effect. If an attempt is made to program or erase a protected
page, a protection error flag will be returned in the FLASH_STS.

The system memory block (16KB) in the system information area stores the boot program and cannot be changed.

The system configuration block (2KB) in the system information area stores the basic information of the chip and
cannot be changed.

The option byte block (2KB) in the system information area stores the user-configurable option byte information.
The write protection of the option byte block is achieved by writing 0 to the FLASH_CTRL.OPTWE bit by software,
and after that, you can write the correct key value series in FLASH_OPTKEY to release the write protection of the
option byte.

3.2.1.9 Read protection

The user code in flash can be protected from illegal reading by setting read protection. Read protection is mainly
aimed at protecting the access operation of main memory area and option byte block after chip sealing operation.
Read protection is set by configuring RDP bytes in the option byte block. Three different read protection levels can
be configured, as shown in the following Table

Table 3-4 Read protection configuration list

Read protection status RDP1 nRDP1 nRDP2 RDP2
L1 level OXFF OXFF RDP2! = 0xCC || nRDP2! = 0x33
Unprotected 0xA5 0x5A RDP2! = 0xCC || nRDP2! = 0x33
L2 level 0xXX 0xXX 0x33 0xCC
L1 level Not the above three configurations
m LOlevel
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€ In unprotected state, corresponding (RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!=
0x33);
€ The main memory area and option byte block can be read arbitrarily;
€ The write protection property of each page can be configured for programming and erasing;
B L1level

@ The corresponding ~ (RDP1 == 0xA5 & nRDP1 == 0x5A) && (RDP2!= 0xCC | nRDP2!= 0x33)) | (RDP2
== OXCC & nRDP2 == 0x33));

€ Only the read operation of the main storage area from the user code is allowed, that is, when the program
is started from the main flash memory in non debugging mode, the read operation of the main storage area
is allowed;

€ Pages 0~1 are automatically write-protected;

€ Other pages can be programmed by the code executed in the main flash memory (realizing IAP or data
storage and other functions);

€ All pages are not allowed to write or erase in debug mode or after booting from internal SRAM (except for
mass erase);

€ All functions of loading code into the built-in SRAM through JTAG/SWD and then execute it are still valid,
or they can be started from the built-in SRAM through JTAG/SWD, which can be used to remove read
protection;

€ When the read-protected option byte is rewritten to the unprotected LO level, all the main storage areas will
be automatically erased, and the process is as follows: (Erasing the option byte block will not result in
automatic whole erasing operation, because the result of erasing is 0xFF, which is equivalent to still being
in the protection state of L1 level)

® \Write the correct key value sequence to unlock the option byte area in FLASH_OPTKEY;
® The bus initiates a command to erase the entire option byte area (Page erase);

® Bus write OxADb to read protection option byte;

® Automatically erase all main storage areas internally;

® Automatically write OXA5 to read protection option byte internally;

® \When the system is reset (such as software reset, etc.), the option byte block (including the new
RDP value 0xA5) will be reloaded into the system, and the read protection will be released:;

€ The following access operations to the flash memory will be prohibited:
®  Access main flash memory from built-in SRAM start execution code (including using DMA);

®  Access the main flash memory by JTAG, SWV (serial line observer), SWD (serial line debugging)
and boundary scanning;

B L2 level: Except that SRAM boot disabled, debug mode disabled, option byte write/page erase disabled and the
protection level cannot be modified (irreversible), other features are the same as L1 level. The L2 level is realized
by configuring another option byte, RDP2. No matter what the value of RDP1 is, as long as it satisfies
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(RDP2==0xCC & nRDP2==0x33), it is L2 level.

Table 3-5 Flash read-write-erase M permission control table

www.nationstech.com

Boot mode Main Flash
protect Changing a Protection
level Perform user JTAG/ Level
Mian Flash System Memory SRAM
Access area SWD
Before 4KB of flash Read-Write- | Read-Write- . Read-Write-
) Read-Write-Erase
main memory area Erase Erase Erase
After 4KB of flash Read-Write- | Read-Write- ) Read-Write-
) Read-Write-Erase
main memory area Erase Erase Erase
Flash main memory
Allow Allow Allow Allow
area mass erase .
LO Changeto L1 orL2is
level . . . allowed
. Read-Write- | Read-Write- ) Read-Write-
Flash option byte area Read-Write-Erase
Erase Erase Erase
Flash system memory o o . o
prohibit prohibit Read-Write-Erase prohibit
area
Read and Read and . Read and
SRAM (All) ) . Read and write )
write write write
Before 4KB of flash o
) Prohibit Read-only Read-only Read-only
main memory area
After 4KB of flash o Read-Write- ) Read-Write-
. Prohibit Read-Write-Erase
main memory area Erase Erase
Flash main memor ;
Y Allow Allow Allow Allow L0 or L2 is allowed.
area mass erase
L1 When changed to LO,
level . - ; the main memory area
. Read-Write- | Read-Write- . Read-Write- y
Flash option byte area Erase Erase Read-Write-Erase Erase is automatically erased.
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) ) . Read and write )
write write write
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Before 4KB of flash
. Read-only Read-only Read-only
main memory area
After 4KB of flash Read-write- . Read-write-
) Read-write-erase
main memory area erase erase
Flash main memory
JTAG/SWD Allow Allow Allow e
L2 area mass erase . . No modification is
interface is
level disabled allowed.
isabled.
Flash option byte area Read-only Read-only Read-only
Flash system memory o . o
Prohibit Read-write-erase Prohibit
area
Read and ) Read and
SRAM (All) . Read and write .
write write
Boot mode SRAM
protect Changing a Protection
level Perform user Level
JTAG/SWD | Main Flash System Memory SRAM
Access to areas
Before 4KB of flash Read-write- Read-write- . Read-write-
] Read-write-erase
main memory area erase erase erase
After 4KB of flash Read-write- Read-write- . Read-write-
) Read-write-erase
main memory area erase erase erase
Flash main memory
Allow Allow Allow Allow
area mass erase .
LO Changeto L1 orL2is
level . . . allowed
. Read-write- | Read-write- . Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
L1 Before 4KB of flash Prohibit Read-only Read-only Prohibit LO or L2 is allowed.
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When changed to LO,

level main memory area
the main memory area
After 4KB of flash Read-write- i i
) Prohibit Read-write-erase Prohibit Is automatically erased.
main memory area erase
Flash main memory
Allow Allow Allow Allow
area mass erase
. Read-write- | Read-write- . Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory o o o o
Prohibit Prohibit Prohibit Prohibit
area
Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
Before 4KB of flash
main memory area
After 4KB of flash
main memory area
Flash main memory
No modification is
L2 area mass erase
ovel L2 protection level, cannot boot from SRAM allowed.
eve
JTAG/SWD is banned.

Flash option byte area

Flash system memory

area

SRAM (All)

Boot mode System Memory

Changing a Protection

protect

Perform user Level

level
JTAG/SWD | Main Flash System Memory SRAM
Access to areas

Read-write-erase | Read-write- | Change to L1 or L2 is

LO Before 4KB of flash Read-write- Read-write-
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level main memory area erase erase erase allowed
After 4KB of flash Read-write- | Read-write- . Read-write-
) Read-write-erase
main memory area erase erase erase
Flash main memory
Allow Allow Allow Allow
area mass erase
. Read-write- | Read-write- . Read-write-
Flash option byte area Read-write-erase
erase erase erase
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
Before 4KB of flash .
) Prohibit Read-only Read-only Read-only
main memory area
After 4KB of flash . Read-write- . Read-write-
) Prohibit Read-write-erase
main memory area erase erase
Flash main memor .
Y Allow Allow Allow Allow LOor L2 s allowed.
area mass erase
L1 When changed to LO,
level .
Flash ontion b Read-write- | Read-write- Readourit Read-write- | the main memory area
ash option byte area ead-write-erase : :
P yt erase erase erase is automatically erased.
Flash system memory o o . o
Prohibit Prohibit Read-write-erase Prohibit
area
Read and Read and ) Read and
SRAM (All) . . Read and write .
write write write
Before 4KB of flash
] Read-only Read-only Read-only
main memory area
After 4KB of flash Read-write- Read-write-
) JTAG/SWD Read-write-erase -
L2 main memory area _ _ erase erase No modification
level interface s allowed
Flash main memory disabled.
Allow Allow Allow
area mass erase
Flash option byte area Read-only Read-only Read-only
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Flash system memory o . o
Prohibit Read-write-erase Prohibit
area
Read and . Read and
SRAM (All) . Read and write )
write write

Note: 1. Erase here refers to flash page erase.

3.2.2 iCache

In order to achieve higher system performance, an instruction buffer needs to be added between the high-speed CPU
and the low-speed Flash to improve the instruction execution efficiency. Because of the existence of the instruction
buffer, the CPU will be able to work at a higher frequency. When the instruction requested by the CPU is in the
instruction buffer, the CPU can obtain the instruction without delay and realize zero waiting for execution. When the
current instruction sequence, instruction prefetch sequence and instruction buffer all miss, Flash will be re-read and
the Cache will be backfilled and updated. Accordingly, it is equivalent to storing only the jump header of the program
in the Cache.

The main features of the instruction buffer are as follows:
B 8KB iCache.

B Support connection mode: 4WAY.

3.2.2.1 Software interface

B Enable

€ Provide configuration for software to enable/disable iCache. There is no limit to the switching conditions
(see the FLASH_AC.ICAHEN bit).

B Reset

€ Provide software to clear the iCache interface, which must be initiated when iCache is closed. Reset and
switching cannot be switched at the same time. First, turn off FLASH_AC.ICAHEN, then write 1 to
FLASH_AC.ICAHRST, and then turn on FLASH_AC.ICAHEN.

B Lock

€ Cache locking mechanism is supported, and the software configuration puts the program into its designated
way. When all the ways are locked, the new data will not be written into the cache. After the software resets
the cache, the lock state is automatically cleared.

B Additional remarks
€ Selection of Cache replacement algorithm is not supported.
€ When using icache, there is no WB/WT selection when the CPU writes operation.

3.2.2.2 Register description

FLASH_AC.ICAHEN and FLASH_AC.ICAHRST are the iCache enable switch and iCache data clear switch
respectively.
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FLASH_CAHR.LOCKSTRT and FLASH_CAHR.LOCKSTOP are the start latch and stop latch of iCache
corresponding mode lock, respectively. After iCache is reset, the FLASH_CAHR register automatically returns to
the reset value. See for detailed usage method of 3.2.2.3.3 ICache locking.

3.2.2.3 Operating process

3.2.2.3.1 iCache enable and disable

Users can turn on and switch off iCache at any time. If the user program needs to jump between the main memory
area and other memory areas, the iCache must be closed and the data of the iCache must be cleared, otherwise, the
instruction acquisition error will occur.

3.2.2.3.2 iCache data refresh

The iCache is designed as instruction cache. When the instruction is updated by application software or the instruction
jumps between the main memory area and other memory areas, the software must set the FLASH_AC.ICAHRST bit
to 1 to clear the data in the instruction cache.

Note: FLASH_AC.ICAHRST bit is a write-only bit, and it returns to 0 when read.
3.2.2.3.3 iCache locking

The software controls the FLASH_CAHR register to lock some repeatedly used codes in iCache to improve the
efficiency of code execution. iCache module has four latch channels, and the size of each channel is 1/4 of the whole
cache. When using a single channel, you must ensure that the amount of code to latch is less than the size of each
channel. Otherwise need to use more channels to latch the code. The latch function can be used according to the
following control flow:

1. SetFLASH_CAHR.LOCKSTRT[0] to 1;

2. Execute function 1 that needs to be locked in channel 0 (the code amount of function 1 should be less than
the size of a single channel);

3. Set FLASH_CAHR.LOCKSTOP[0] to 1 after the function 1 is executed:;
4. Thenset FLASH CAHR.LOCKSTRT[1] to 1;

5. Execute function 2 that needs to be locked in channel 1 (the code amount of function 2 should be less than
the size of a single channel);

6. After the function 2 is executed, set FLASH_CAHR.LOCKSTOP[1] to 1;

Attention: 1. when the channel is latched, the register operation must follow a fixed process -First set
FLASH_CAHR.LOCKSTRT then set FLASH_CAHR.LOCKSTOP;

2. The order of channel latch must be 0~3, otherwise it will reduce the execution efficiency.

3.2.3 SRAM

SRAM is mainly used for code operation to store variables and data or stacks during program execution. The
maximum capacity is 128KB.

SRAM supports read-write access of byte, half-word and word.

SRAM supports code running (supports access of SBus, ICode and DCode), and can run programs at full speed in
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SRAM. The maximum address range of SRAM is 0x2000 0000~0x2001 FFFF.

SRAM data cannot be retained in Stop2, Standby and VBAT modes; data in other working modes (Run/Sleep/Stop0)
can be retained normally.

The main features are as follows:

B The maximum capacity is 128KB in total.

B Support byte/half-word/word reading and writing
B |/D/SIDMA1/MDA2/ETH can be accessed.

B |/D BUS can run programs at full speed from Remap to SRAM.

3.2.4 R-SRAM (Retention SRAM)

R-SRAM is also mainly used for code operation, storing variables and data or stacks during program execution, with
a total capacity of 16KB. The bus address of R-SRAM and SRAM are connected continuously. In application, SRAM
and R-SRAM can be treated as a piece of SRAM. In the maximum case, the physical address of R-SRAM No.0
corresponds to the bus start address of 0x2002 0000, and the corresponding bus address range is 0x2002
0000~0x2002 3FFF. R-SRAM supports read and write access of bytes, half words and words, and supports access to
SBus, DMA1, DMA2, and ETH.

Because the bus address of R-SRAM is continuously connected to SRAM, and for different product models, the
capacity of SRAM available for effective use is different, so for different product models, the bus start address of R-
SRAM are different.

R-SRAM supports Retention, which can retain data in VBAT and Standby modes (can be configured to retain or not
retain); other working modes (RUN/SLEEP/STOPO/STOP2) data can be retained by default; PWR is required to
control and manage its Retention.

Table 3-6 SRAM Capacity Configuration Table

SRAM capacity R-SRAM capacity SRAM bus address range R-SRAM bus address range
64KB 16KB 0x2000 0000~0x2000 FFFF 0x2001 0000~0x2001 3FFF
128KB 16KB 0x2000 0000~0x2001 FFFF 0x2002 0000~0x2002 3FFF

The main features of R-SRAM are as follows:

B The total capacity is 16KB

B Byte/halfword/word read and write

B S/DMAL/DMA2/ETH can be accessed

B The bus start address is continuously connected to the main memory SRAM
B The bus start address changes with the main memory SRAM capacity

B Retention is possible, data still needs to be retained in stop2 and standby modes (can be configured not to retain)
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3.2.5 FLASH register

These peripheral registers must be operated as words (32 bits).
3.2.5.1 FLASH register overview

Table 3-7 FLASH register overview

o] waw [2]5]2]s]s]5 |25 ]s[s]2]=]2]=]2]a]=][a]a]2] =] ][] ] [~]~]]=
A g
FLASH_AC ZIZ|IE|E|B &
000h Reserved Olo|x|x| g 5
2
o
Reset Value 0|0 1 1 0 ‘ 0 ‘0
FLASH_KEY FKEY
004h
Reset Value o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o
FLASH_OPTKEY OPTKEY
008h
Reset Value o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o ojojolo|ojofolo
o &
o
ElE|a|EIE|EIE |,
FLASH_STS Blulgle|e|g|a|3
00Ch Reserved Q| s|la|e|g|®
4
Reset Value ofofofofo|jojof|o
= w
= | w w | ow | Flaxl|lo
z|l=|E|E | x o
FLASH_CTRL 3 Elzlz|z|2le|8|&|8|E|g|E|E]|e
010h 5 Q|G| E|85|2|2|5|8|8|5|=|*
@0 (&) [T 2] @
) h )
3 [aZ
Reset Value o|lojofo|ojo|1|lofo]o o|o]o
FLASH_ADD FADD
014h
Reset Value o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘o‘0‘0‘0‘0‘0’0’0’0’0‘0
018h Reserved
>l a
[a1]
> 2 2 E SlB|3|E |
FLASH OB | & g £ = 2 oo & |y
01Ch 2 g e e 3 Hle|S|&]o
4 E|=
Reset Value | 0 1‘1‘1‘1‘1‘1‘1‘1 1‘1‘1‘1‘1‘1‘1‘1 1‘1‘1‘1‘111100
FLASH_WRP WRPT
020h
Reset Value 1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1‘1 1‘1‘1‘1‘1‘1 1‘1 1‘1‘1‘1‘1‘1
= e
FLASH_ECC g 3 g !
024h g 2 g i
L L
Reset Value & 0‘0‘0‘0‘0‘0 « ololololo‘o
028h Reserved
FLASH_RDN FLASH_RDN1 FLASH_RDNO
02Ch Reserved Reserved
Reset Value o‘o‘o‘o‘o‘o‘o‘o‘o 0 0‘0‘0‘0 o‘o‘o‘o
FLASH_CAH LOCKSTOP LOCKSTRT
030h Reserved
Reset Value 0‘0‘0’0 0’0’0‘0
3.2.5.2 FLASH control and status register
See for abbreviations in register descriptions 1.1 section.
3.2.5.2.1 The FLASH access control register (FLASH_AC)
Address offset: 0x00
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Reset value: 0x0000 0030

31
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15 . . . . . 8 7 6 5 4 3 2 . . 0
Reserved ICAHEN |ICAHRST|PRFTBFS|PRFTBFE| Reserved LATENCY
. . \ . . — . : — s — \
Bit field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
7 ICAHEN iCache enable
0: turn off iCache;
1: enable iCache.
6 ICAHRST iCache reset
0: writing '0" is invalid;
1: write '1' to reset.
5 PRFTBFS Prefetch buffer status
This bit indicates the status of the prefetch buffer
0: The prefetch buffer is closed,;
1: The prefetch buffer is open.
4 PRFTBFE Prefetch buffer enable
0: Close the prefetch buffer;
1: Enable prefetch buffer.
3 Reserved Reserved, the reset value must be maintained.
2:0 LATENCY time delay

These bits represent the ratio of SYSCLK (system clock) period to flash memory

access time.

000: zero period delay, when 0 < SYSCLK <=32MHz

001: one cycle delay, when 32MHz < SYSCLK <=64MHz
010: two cycle delay, when 64MHz < SYSCLK <=96MHz
011: three cycle delay, when 96MHz < SYSCLK <= 128MHz
011: three cycle delay, when 128MHz < SYSCLK <= 144MHz

Other values: reserved

3.2.5.2.2 The FLASH key register (FLASH_KEY)
Address offset: 0x04

Reset value: OxXXXX XXXX
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31 T T T T T T T T T T T T T 16
FKEY[31:16]
15 . . . . . VIV . . . . . . . 0
FKEY[15:0]
Bit field Name Description
31:.0 FKEY Used to unlock the FLASH_CTRL.LOCK bit.
3.2.5.2.3 The FLASH OPTKEY register (FLASH_OPTKEY)
Address offset: 0x08
Reset value: OxXXXX XXXX
31 16
OPTKEY[31:16]
]5 T T T T T \'IV T T T T T T T 0
OPTKEY[15:0]
Bit field Name Description
31:0 OPTKEY Used to unlock the FLASH_CTRL.OPTWE bit.
3.2.5.2.4 The FLASH status register (FLASH_STS)
Address offset: 0x0C
Reset value: 0x0000 0000
31 16
Reserved
15 i i i i i 8 7 6 5 4 3 2 1 0
Reserved ECCERR | EVERR EOP [WRPERR| PVERR | PGERR [ Reserved | BUSY

rc_wl rc_wl rc_wl rc_wl rc_wl rc_wl r

Bit field Name Description

31:8 Reserved Reserved, the reset value must be maintained.

7 ECCERR ECC error
Read FLASH error, hardware set this bit to '1', write '1' to clear this state.

6 EVERR Erase check error
When the page is erased and the check reports an error, the hardware sets this bit
to '1', and writing '1' can clear this state.

5 EOP End of operation
When the flash operation (programming/erasing) is completed, the hardware sets
this bit to '1', and writing '1' can clear this bit status.
Note: Every successful programming or erasing will set the EOP state.
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Bit field Name Description
4 WRPERR Write protection error
When trying to program a write-protected flash address, the hardware sets this bit

to '1', and writing '1' can clear this bit.

3 PVERR programming verification error
When an error is reported during verification after programming, the hardware
sets this bit to '1', and writing '1' can clear this state.

2 PGERR Programming error

When trying to program an address whose content is not 'OXFFFF_FFFF', the
hardware sets this bit to '1', and writing '1' can clear this state.

Note: Before programming, the FLASH_CTRL.START bit must be cleared.

1 Reserved Reserved, the reset value must be maintained.
0 BUSY Busy
This bit indicates that a flash operation is in progress. At the beginning of flash

operation, this bit is set to '1'; This bit is cleared to '0" when the operation ends or

an error occurs.

3.2.5.2.5 The FLASH control register (FLASH_CTRL)
Address offset: 0x10
Reset value: 0x0000 0080

31 16
' ' ' ' ' ' ' Reselrved ' ' ' ' ' ' '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reselrved ECERRITH EOPITE |FERRITE| ERRITE | OPTWE | SMPSEL | LOCK | START | OPTER | OPTPG |Reserved | MER | PER PG
. — — — — — — — — — — — — —
Bit field Name Description
31:14 Reserved Reserved, the reset value must be maintained.
13 ECERRITE ECC error interrupt
This bit allows an interrupt to be generated when the FLASH_STS.ECCERR bit
goesto '1".

0: Interrupt generation is prohibited;

1: Enable interrupt generation.

12 EOPITE Allow operation completion interrupt.

This bit allows an interrupt to be generated when the FLASH_STS.EOP bit
becomes '1'.

0: interrupt generation is prohibited,;

1: interrupt generation is allowed.

11 FERRITE Erase/Program Verify Error Interrupt

This bit allows an interrupt to be generated when the
FLASH_STS.EVERR/PVERR bit goes to '1'.

0: Interrupt generation is prohibited;
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Bit field Name Description

1: Enable interrupt generation.

10 ERRITE Error status interrupt allowed

This bit allows an interrupt to be generated when a Flash error occurs (when
FLASH_STS.PGERR/ FLASH_STS.WRPERR is set to '1").

0: interrupt generation is prohibited,;

1: interrupt generation is allowed.

9 OPTWE Allow write option byte

When this bit is '1', the option byte is allowed to be programmed. When the
correct key sequence is written in the FLASH_OPTKEY register, this bit is set to
1.

Software can clear this bit.

8 SMPSEL Flash programming mode options

0: SMP1 mode. Before programming, you need to read the content of the address
where the programming is located, and check whether it has been erased. If it has
not been erased, the programming operation will not be performed, and the
FLASH_STS.PGERR warning bit will be set;

1: SMP2 mode. Before programming, it will not judge whether the content of the
address where the programming is located has been erased, and the Flash will
directly start programming. If the programming address has been written with
data before, only the same data can be written when programming the address in
SMP2 mode, otherwise the data cannot be guaranteed to be written correctly.

7 LOCK Lock

You can only write '1'. When this bit is '1', Flash and FLASH_CTRL are locked.
After detecting the correct unlocking sequence, hardware clears this bit to '0".
After an unsuccessful unlocking operation, this bit cannot be changed until the

next system reset.

6 START Start
When this bit is '1', an erase operation will be triggered. This bit can only be set to
'1' by software and cleared to '0' when FLASH_STS.BUSY becomes '1".

5 OPTER Erase option bytes.
0: Disable option bytes erase mode;
1: Enable option bytes erase mode.

4 OPTPG Program option bytes.
0: Disable option bytes program mode;
1: Enable option bytes program mode.

3 Reserved Reserved, the reset value must be maintained.

2 MER Mass erase.
0: disable mass erase mode;

1: enable mass erase mode.

1 PER Page erase.
0: disable page erase mode;

1: enable page erase mode
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Bit field

Name

Description

0

Program.
0: disable program mode;

1: enable program mode.

Note: Please refer to section 3.2.1.4 for programming and erasing.

3.2.5.2.6 The FLASH address register (FLASH_ADD)
Address offset: 0x14

Reset value: 0x0000 0000

31

T T T T T T FADD;:?, I ]6] T T T T T T T
15 " 0
FADD[15:0]
Bit field Name Description
310 FADD Flash address

Select the address to be programmed when programming, and select the page to be
erased when page erasing.
Note: When the FLASH_STS.BUSY bit is '1', this register cannot be written.

3.2.5.2.7 Option byte register (FLASH_OB)
Address offset: 0x1C

Reset value: 0X03FF FFFC

31 30 26 25 18 17 16
RDPRT2 Reserved | ' ' ' ' Datat I I I Data0
15 10 9 " s 4 3 2 Lo
I Data0 I I I INot_Usedl I MRSIS | s |WDG_SW RDPRT1| OBERR
Bit field Name Description
31 RDPRT2 Read protection L2 level protection
0: Read protection L2 level is not enabled;
1: Read protection L2 level is enabled.
Note: This bit is read-only.
30:26 Reserved Reserved, the reset value must be maintained.
25:18 Datal[7:0] Datal
Note: This bit is read-only.
17:10 Data0[7:0] Data0
Note: This bit is read-only.
9:5 Reserved Not used, the hardware remains at 1.
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Bit field Name Description
4 nRST_STDBY Enter Standby mode reset configuration.
0: Reset immediately after entering Standby mode;
1: No reset occurs after entering Standby mode.
Note: This bit is read-only.
3 nRST_STOP Enter STOPO/STOP2 mode reset configuration.
0: Reset occurs immediately after entering STOPO/STOP2 mode;
1: No reset occurs after entering the STOP0/STOP2 mode.
Note: This bit is read-only.
2 WDG_SW Set watchdog
0: hardware watchdog;
1: Software watchdog.
Note: This bit is read-only.
1 RDPRT1 Read protection L1 level protection
0: Read protection L1 level is not enabled;
1: read protection L1 level is enabled.
Note: This bit is read-only.
0 OBERR Option byte error

When this bit is '1', it means that the option byte does not match its complement.

Note: This bit is read-only.

3.2.5.2.8 Write protection register (FLASH_WRP)
Address offset: 0x20

Reset value: OXFFFF FFFF

31

Bit field

Name

Description

310

WRPT

Write protect

This register contains the write protection option byte loaded by option byte area.
0: write protection takes effect;

1: Write protection is invalid.

Note: These bits are read-only.

3.2.5.2.9 ECC register (FLASH_ECC)
Address offset: 0x24

Reset value: 0x0000 0000
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Reserved
15 14 13 8 7 6 5 0
Reserved ECCHW Reserved ECCLW

Bit field Name Description

31:14 Reserved Reserved, the reset value must be maintained.

13:8 ECCHW After writing a word to a 32-bit Flash address, the corresponding higher 6-bit ECC
value.

7:6 Reserved Reserved, the reset value must be maintained.

5:0 ECCLW After writing a word to a 32-bit Flash address, the corresponding lower 6-bit ECC
value.

3.2.5.2.10 RDN register (FLASH_RDN)

Address offset:

0x2C

Reset value: 0x0000 0000

31 25 24 16
Reserved FLASH_RDNI1
15 9 8 ' 0
Reserved FLASH_RDNO
T
Bit field Name Description
31:25 Reserved Reserved, the reset value must be maintained.
24:16 FLASH_RDN1 The address of Flash redundant block page 1
15:9 Reserved Reserved, the reset value must be maintained.
8:0 FLASH_RDNO The address of Flash redundant block page 0

3.2.5.2.11 CAHR register (FLASH_CAHR)
Address offset: 0x30

Reset value: 0x0000 0000

31

Reserved
15 8 7 4 3 0
Reserved LOCKSTOP LOCKSTRT
Bit field Name Description
31:8 Reserved Reserved, the reset value must be maintained.
74 LOCKSTOP[3:0] iCache lock stop (see for detailed operation instructions 3.2.2.3.3 iCache locking_
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Bit field Name Description
Chapter).
0: disable
1: enable

3.0 LOCKSTRT[3:0] iCache lock start.

0: disable
1: enable
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4 Power control (PWR)

4.1 General description

PWR is power management unit to control status of different modules in different power modes. Its major function
is to control MCU to enter different power modes and wakeup when events or interrupts happen. MCU supports
RUN. SLEEP. STOPO. STOP2. STANDBY and VBAT mode.

4.1.1 Power supply

< MCU working voltage (VDD) is 1.8V~3.6V. It mainly has 3 analog/digital power supply regions (VDD, VBAT,
VDDA\). For details, please refer to Figure 4-1 power supply block diagram. In order to illustrate the functions
of different power domains, some power domains will be introduced below, and the digital parts of power
domains will be introduced in later chapters of this document.

® \/pp domain: The voltage input range is 1.8V~3.6V, mainly for MR,CPU,AHB,APB,SRAM,FLASH and
most digital peripheral interfaces power supply.

® VBAT domain: The input voltage range is 1.8V~3.6V, which supplies power for BKR and some special 10
(PC13, PC14, PC15) ports. When VDD is powered down, the switch switches the power supply system
VDD to VBAT.

® VDDA domain: voltage input range is 1.8V~3.6V, mainly used for clock and reset system, most analog
peripherals powered.

<~ BKRand MR are internal voltage regulators that can provide power for the digital module power supply system.
VDD and VBAT are generally powered directly from the outside, VBAT is powered by the battery to keep the
contents of the backup area, and VDD is powered by other external power supply systems. In addition, if no
battery is required, then VBAT must be connected directly to VDD.

® MR

MR is the internal main power controller, mainly used in RUN mode, SLEEP mode and STOPO mode. MR
has two modes, normal mode and low power mode, the low power mode is used for STOPO to further
reduce power consumption.

When the MR enters a low power mode, the CPU goes into a deep sleep state. In this case, the
PWR_CTRL.PDS bit should be set to 0 and the PWR_CTRL.LPS bit should be set to 1. When the MR
enters the normal mode, the PWR_CTRL.PDS bit needs to be set to 0, and the PWR_CTRL.LPS bit is also
0.

® BKR

BKR is an internal backup domain power controller, used in STOP2, STANDBY and VBAT modes. In
STOP2 mode, the CPU state is maintained and additionally supplies power to the digital backup area, GP10
and EXTI. When the CPU enters deep sleep, the PWR_CTRL2.STOP2S bhit should be set to 1 at this time.

The main modules of the digital backup area include PWR, 10 (PA0_WAKUP, PC13_TAMPER, PC14,
PC15), R-SRAM, RTC, BKR and RCC_BDCTRL registers. When the SW3 switch is on, the CPU goes
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into a deep sleep state. When SW1 switches the power supply system to VBAT, it indicates that VDD has
been powered down at this time.

< When reset, SW1 will switch the power supply system to the VDD power supply area. In STOP2, STANDBY
and VBAT modes, the internal voltage regulator BKR will power the digital backup area.

® During the VDD rising phase or when PDR is detected, the switch between VBAT and VDD remains
connected to the VBAT area.

® During startup, if VDD is settling quickly and VDD > VBAT + 0.6V, current can be injected to VBAT
through the internal diode connection. If the power supply connected to VBAT or the battery does not
support this injection of current. It is strongly recommended to add a low voltage diode between this supply
and the VBAT pin.

If there is no external battery in the application. It is recommended to connect the VBAT pin to VDD with a
100nF ceramic capacitor. In RUN, SLEEP, STOPO mode, the backup area is powered by VDD (SW1 is
connected to VDD), the following functions are available:

® PC14 and PC15 can be used for common IO ports or LSE pins

® PC13can be used for common 10 port, TAMPER pin, RTC check clock pin, RTC alarm and periodic wake-
up output

Notice:

Due to the fact that the current flowing through SW1 and SW2 is limited to a maximum of 3mA. Therefore, the

10 output modes of PAO_ WAKUP, PC13 to PC15 are limited. When a 30PF capacitor is attached, the maximum

output speed is 2MHz. In addition, these I0s cannot be driven by current, for example, they cannot drive LEDs.

The current of SW2 will be maintained at 3mA or lower, because GPIO, and EXTI work together to consume
current.

When VBAT supplies power to the backup area, the following functions can be used at this time:
® PC14 and PC15 can only be used for LSE pins.

® PC13 s used for TAMPER pin, RTC alarm or periodic wake-up output

771838 Nations Technologies Inc.
Tel: +86-755-86309900
Email : info@nationstech.com
Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:« www.nationstech.com

Figure 4-1 Power supply block diagram
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4.1.2 Power supply supervisor

4,1.2.1 Power on reset (POR) and power down reset (PDR)

Power-on reset (POR) and power down reset (PDR) circuits are integrated inside the chip. Can work with a minimum
voltage of 1.8V. No external reset circuit is required. When VDD or VDDA is lower than the specified threshold
(Vroreor), the chip will remain in reset state.

For more information on switching power supply reset thresholds, see the Electrical Characteristics section of the
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relevant data sheet.

Figure 4-2 Waveforms of power-on reset and power-down reset

A VDD/VDDA
POR(rising edge)
40mV hysteresis
PDR(falling edge)
______ — - = L L L A= _—-_—
|
| |
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\/

RESET

4.1.2.2 Programmable voltage detector (PVD)

The PVD can be used to monitor the VDD/VDDA power supply by comparing with the thresholds set by the
PWR_CTRL.PRS[2:0] bits of the power supply control register.

The PWR_CTRLSTS.PVDO flag is used to indicate if VDD/VDDA is above/below the PVD voltage threshold. This
event is internally connected to the interrupt line 16 of the external interrupt, which will generate an interrupt if
enabled in the external interrupt register. Depending on the rising/falling edge trigger settings of the external interrupt
line 16, a PVD interrupt will occur when VDD/VDDA falls below the PVD threshold or VDD/VDDA rises above
the PVD threshold. For example, this feature can be used to perform emergency shutdown tasks.

Notice: MCU PVD threshold needs to be configured with the PWR_CTRL3.EXMODE bit. For details, please refer
to the registers PWR_CTRL.MSB and PWR_CTRL.PRS[2:0], their combination can form a 4-bit PVD threshold
configuration.
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Figure 4-3 PVD threshold waveform

A voD/vDDA

100mVv

PVD threshold hysteresis

PVD output

4.1.2.3 Brown_out reset (BOR)

BOR is a power-down reset controller built into the device, when the VDD voltage is lower than 1.62V (typ), the
device will remain in reset state.

4.2 Power modes

Overall MCU has 6 power modes: RUN,SLEEP,STOP0,STOP2,STANDBY and VVBAT. Different mode has different
performance and power consumption. A summary of MCU power modes is shown below.

Table 4-1 Power modes

Mode Condition Enter Exit
RUN CPU boot Power on, system reset, low Enter sleep, STOPO, STOP2,
Peripheral configuration power wake-up standby and VBAT modes
1) SCB_SCR.SLEEPDEEP =
0 wake:

1) If entered via WFI or set

SCB_SCR.SLEEPONEXIT =
SCB_SCR.SLEEPONEXIT =1,

CPU goes to sleep mode and the kernel 0, ) .
. . . any NVIC interrupt can exit
stops. With all peripherals configured, the WFI/WFE )
SLEEP L . 2) If entered via WFE or set
voltage regulator is still running. Any 2) SCB_SCR.SLEEPDEEP =
) SCB_SCR.SEVONPEND=1, any
interrupt and event can wake up the CPU 0, SCB_SCR.SLEEPONEXIT ) ) )
1 peripheral interrupt can exit;

SCB_SCR.SEVONPEND=0, the

No interrupt waiting, CPU ) ) )
external interrupt line exits

returns from ISR

STOPQM CPU deep sleep mode: WFI / WFE: wake:
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Mode Condition Enter Exit
Peripheral clocks, all digital blocks and 1) SCB_SCR.SLEEPDEEP = | 1) If entered by WFI, any from
voltage regulators are still running. 1, PWR_CTRL.PDS=0, external interrupt/event line
HSE/HSI/PLL is turned off. 2) PWR_CTRL.LPS=0/1, (NVIC enabled), it can be external
LSE/LSI, RTC or other peripherals can be Select the main voltage interrupt or internal peripheral
configured to wake up. regulator operating mode 2) If entered by WFE,
All SRAM data retention, all 10 ports, SCB_SCR.SEVONPEND=0, any
IWDG and RTC can be used to wake up the event line from external
CPU. 3) If entered by WFE,
After waking up, HSI is turned on, and the SCB_SCR.SEVONPEND=1, any
code starts from where it hangs. interrupt from external or internal
peripheral
CPU deep sleep mode: wake:
CPU registers are maintained, and all core 1) If entered by WFI, any from
digital logic areas are powered off. external interrupt/event line
The main voltage regulator (MR) is turned (NVIC enabled), it can be external
off and the HSE/HSI/PLL is turned off. WFI/WFE: interrupt or internal peripheral
STOP2 LSE/LSI configurable, 1) SCB_SCR.SLEEPDEEP = | 2) If entered by WFE,
GPIO is maintained, and peripheral 10 1 SCB_SCR.SEVONPEND=0, any
multiplexing is not maintained. 16KB R- 2) PWR_CTRL2.STOP2S =1 | event line from external
SRAM data retention, other SRAM and 3) If entered by WFE,
register data are lost. SCB_SCR.SEVONPEND=1, any
84B BK register retention. interrupt from external or internal
GPI10s and EXTI are enabled. peripheral
The main voltage regulator is turned off and
the HSE/HSI/PLL is turned off.
LSE/LSI is configurable.
16KB bytes of R-SRAM retention,
configured through
PWR_CTRL2.SR2STBRET. Other SRAM WFIMFE:
- 1) SCB_SCR.SLEEPDEEP = | WKUP rising edge, RTC alarm
STANDBY and register data are I_OSL 1 rising edge, NRST reset, IWDG
Except for the following .
NRST/PA0_WKUP/PC13-TAMPER/PC14- Interruptievent reset
0OSC32_IN/PC15-0SC32_OUT, other 10s 2) PWR_CTRLPDS=L
are high impedance.
The 84-byte BK register data retention,
IWDG, RTC/PAOWKUP/NRST/TAMPER
can wake up the CPU.
CPU off, all peripherals off, main voltage
regulator off, LSE/LSI configurable,
VBAT HSE/HSI/PLL off. Except for NRST/PC13- VDD disable VDD enable
TAMPER/PC14-0OSC32_IN/PC15-
OSC32_OUT, most 10 ports are in high
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Mode Condition Enter Exit

impedance state.

Note:
1. STOPO mode, after wake-up, the code can continue running from the stop position.

2. In STOP2 mode, after waking up, the heap and global variables in the R-SRAM area can resume and continue
from the stopped position, and the peripherals need to be re-initialized at this time.

The running enable conditions of different modules in different power consumption modes are shown in the following
table:

Table 4-2 Blocks running state®

Stop 0 Stop 2 Standby
Peripheral Run Sleep Wakeup Wakeup Wakeup VBAT
- capability - capability - capability

MR \4 Y ® - OFF - OFF - OFF
BKR Y Y Y - Y - Y - Y
POR Y Y Y - Y - Y Y
PDR Y Y Y - Y - Y Y -
PVD 6} o} o] o] o} o] - - -

BKPOR/PDR Y Y Y - Y - Y - Y

HCLK HCLK

CPU Y - - OFF - OFF
(o)) (o)) -
Flash 0 0 @ - OFF - OFF - OFF
SRAM Y Y Y - OFF - OFF - OFF
R-SRAM Y o} Y - 0] - 0 - 0
Backup
_ Y Y Y - Y - Y - Y
Registers
DMA 0o o} - - - - - - -
HSI o} o OFF - OFF - OFF - OFF
HSE o} o OFF - OFF - OFF - OFF
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Stop 0 Stop 2 Standby
Peripheral Run Sleep Wakeup Wakeup Wakeup VBAT
capability capability - capability
LSl o] 0] - - o - 0
LSE o) o) - R o) - o
CSS O O - - - - -
RTC / Auto
wakeup ° ° ° ° ° ° °
Number of
RTC Tamper 1 1 O O 1 ) 1
pins
USART1/2/3 o] o] - - - - -
UARTA4/5/6/7 o] o] - - - - -
12C1/2/3/4 o] o] - - - - -
SP11/2/3 o] o] - - - - -
CAN1/2 6} o} - - - - -
USB 6} o} - - - - -
ETH MAC 6} o} - - - - -
QSPI 6} o} - - - - -
SDMMC 0 0 - - - - -
ADC o 0 - - - - -
DAC o] o - - - - -
OPAMP 0 0 - - - - -
COMP 0] 0] 0 - - - -
DVP 0 0 - - - - -
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Stop 0 Stop 2 Standby
Peripheral Run Sleep Wakeup Wakeup Wakeup VBAT
- capability - capability - capability
Tempsensor 0 0 - - - - - - -
TIMx 6} (0] - - - - - - -
IWDG O O o] o] e} ¢} 0o O -
WWDG O (0] - - - - - - -
SysTick O O - - - - - - -
SAC o] o] - - - - - - -
RNG 0 0} - - - - - - -
CRC o] o] - - - - - - -
GPI10s o] 0] 0 0 o] 0 Y 2pins -
Note:

1. Y means Yes (enable), O means Option (optional), - means invalid, OFF means close,
2. 2pins represent 2 wakeup 10s, PAO_WKUP and NRST
3. MR can select to work in normal mode or in low power mode

4. FLASH is in sleep (Flash itself) mode.

4.2.1 SLEEP mode

The CPU stops and all peripherals including peripherals around the Cortex®-M4F core (such as NVIC, SysTick, etc.)
can run and wake up the CPU when an interrupt or event occurs. In SLEEP mode, all I/O pins maintain the same
state/function as in RUN mode.

4.2.1.1 Enter SLEEP mode

Enter SLEEP mode by executing WFI (wait for interrupt) or WFE (wait for event) instruction with
SCB_SCR.SLEEPDEEP = 0. Depending on the SCB_SCR.SLEEPONEXIT, there are two options for SLEEP mode
entry:

B SLEEP-NOW: If SCB_SCR.SLEEPONEXIT = 0, then WFI or WFE instruction is executed immediately, and
the system enters sleep mode immediately.

B SLEEP-ON-EXIT: If SCB_SCR.SLEEPONEXIT = 1, the system immediately enters sleep mode when exiting
from the lowest priority ISR.
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In SLEEP mode, all 1/0 pins maintain the same state/function as in RUN mode.

4,2.1.2 Exit SLEEP mode

If WFI instruction is used to enter the SLEEP mode, any NVIC interrupts can wake up the device from the SLEEP
mode.

If the WFE instruction is used to enter the SLEEP mode, MCU will exit the SLEEP mode immediately when the
event occurs. Wake-up events can be generated in the following ways:

B Enable an interrupt in the peripheral control register instead of NVIC, and enable the SCB_SCR.SEVONPEND.
When MCU wakes up by WFE, the peripheral interrupt suspend bit and the peripheral NVIC interrupt channel
suspend bit (in NVIC interrupt clear suspend register) must be cleared.

B Configure an external or internal EXTI event mode. When the MCU wakes up, it is not necessary to clear the
peripheral interrupt suspend bit and the peripheral NVIC interrupt channel suspend bit (in the NVIC interrupt
clear suspend register) because the suspend bit corresponding to the event line is not set. This mode provides
the shortest wake-up time because there is no time spent on interrupt entry or exit.

4.2.2 STOPO mode

STOPO mode is based on Cortex®-M4 deep sleep mode combined with peripheral clock control mechanism. The
voltage regulator can be configured in normal or low power mode. In STOPO mode, most of the clock sources in the
core domain are disabled, such as PLL, HSI and HSE. But SRAM, R-SRAM and all register contents are preserved.

In STOPO mode, all 1/0 pins maintain the same state as in RUN mode.
4.2.2.1 Enter STOPO mode

When entering STOPO mode, the main difference is to set SCB_SCR.SLEEPDEEP=1, PWR_CTRL.PDS=0. Another
difference is that MR can run in normal mode or low power mode by configuring register PWR_CTRL.LPS. When
PWR_CTRL.LPS =1, MR runs in low power mode.

When PWR_CTRL.LPS =0, MR operates in normal mode.
In STOPO mode, all 1/0 pins maintain the same state and function as in RUN mode.

If a FLASH operation is in progress, the time to enter STOPO mode will be delayed until the memory access is
completed.

If an access to the APB area is in progress, the time to enter STOPO mode will be delayed until the APB access is
complete.

In STOPO mode, the following characteristics can be selected by programming the individual control bits:

B Independent watchdog (IWDG): The independent watchdog will be activated when its related registers are
written by software or operated by hardware. Once activated, it will keep working until a reset message is
generated.

B RTC: can be turned on by register RCC_BDCTRL.RTCEN bit
B Internal RC oscillator (LSI RC): can be turned on by register RCC_CTRLSTS.LSIEN bit

B External 32.768kHz crystal oscillator (LSE OSC): can be turned on by register RCC_BDCTRL.LSEEN.
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ADC or DAC can also consume power in STOPO mode, ADC and DAC can be disabled before entering STOPO
mode.

Note: If the application needs to disable the external clock before entering stop mode, it must first disable the
RCC_CTRL.HSEEN bit and then switch the system clock to HSI. Otherwise, if the RCC_CTRL.HSEEN bit remains
enabled when entering stop mode and the external clock (external oscillator) is removed, the Clock Safety System
(CSS) feature must be enabled to detect any external oscillator failure and avoid entering stop Failed behavior when
mode.

4,2.2.2 Exit STOP0O mode

When an interrupt or wake-up event is generated to exit STOPO mode, the HSI RC oscillator is selected as the
system clock.

When the voltage regulator is operating in low power mode, there is an additional startup delay when waking up
from STOPO mode. In STOPO mode, the internal regulator is in normal mode, which can reduce the startup time,
but the corresponding power consumption will increase.

4.2.3 STOP2 mode

STOP2 mode is based on Cortex®-M4F deep sleep mode, all core digital logic areas are powered off. The main
voltage regulator (MR) is turned off and the HSE/HSI/PLL is turned off. CPU register retention, LSE/LSI
configurable, GPIO retention, peripheral IO multiplexing is not retained. 16K bytes R-SRAM retention, other SRAM
and register data are lost. 84 bytes of backup register retention. GPIOs and EXT]I enabled.

4.2.3.1 Enter STOP2 mode

To enter STOP2 mode, should be configured: SCB_SCR.SLEEPDEEP = 1, PWR_CTRL2.STOP2S = 1,
PWR_CTRL.PDS =0, PWR_CTRL.LPS = 0.

In STOP2 mode, if FLASH is being operated, the time to enter STOP2 mode will be delayed until the memory access
is completed.

If the access to the APB area is in progress, the time to enter the STOP2 mode will be delayed until the APB access
is completed.

In STOP2 mode, the following peripherals are available:
B Independent Watchdog (IWDG) optional: Once enabled, it will keep counting until a reset is generated.

B RTC optional: It can be turned on by RCC_BDCTRL.RTCEN.

Internal RC oscillator (LSI RC) optional: It can be turned on by RCC_CTRLSTS.LSIEN.

External 32.768kHz crystal oscillator (LSE OSC) optional: It can be turned on by RCC_BDCTRL.LSEEN bit.
Note: If you want to keep data (global variables, stack, etc.) when entering STOP2, you should put it in R-SRAM.
4.2.3.2 Exit STOP2 mode

When the STOP2 mode is exited by generating an interrupt or a wake-up event, the HSI RC oscillator is selected as
the system clock, and the code execution will continue from where it stopped.
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4.2.4 STANDBY mode

STANDBY mode is a Cortex®-M4 based Deep-Sleep mode. The core domain is completely closed, and the backup
region is open to supply power to BKR.

4.2.4.1 Enter STANDBY mode
When entering STANDBY mode. The main difference is to set SCB_SCR.SLEEPDEEP=1, PWR_CTRL.PDS=1.
In STANDBY mode, all I/O pins remain high impedance except NRST, PAO_WKUP, PC13_TAMPER, PC14, PC15.

If an operation is in progress on FLASH, the time to enter STANDBY mode will be delayed until the memory access
is complete.

If an access to the APB area is in progress, the time to enter STANDBY mode will be delayed until the APB access
is complete.

In STANDBY mode, the following features can be selected by programming individual control bits:
B Independent Watchdog (IWDG) optional: Once enabled, it will keep counting until a reset is generated.

B RTC optional: It can be turned on by RCC_BDCTRL.RTCEN.

Internal RC oscillator (LSI RC) optional: It can be turned on by RCC_CTRLSTS.LSIEN.

External 32.768kHz crystal oscillator (LSE OSC) optional: It can be turned on by RCC_BDCTRL.LSEEN bit.
B R-SRAM data retention, which can be turned on by register PWR_CTRL2.SR2STBRET.
4.2.4.2 Exit STANDBY mode

MCU exits STANDBY mode when an external reset (NRST pin), IWDG reset, rising edge of the WKUP pin, or a
rising edge of the RTC alarm event occurs. Except for the power status register (PWR_CTRLSTS), all registers are
reset after waking up from STANDBY state.

After waking up from STANDBY mode, code execution is the same as reset (detecting BOOT pin, getting reset
vector, etc.). The PWR_CTRLSTS.SBF status flag indicates that the MCU exits STANDBY mode.

4.2.5 VBAT mode

In VBAT mode the CPU is turned off, all peripherals are turned off, the main voltage regulator is turned off, the
LSE/LSI is configurable, and the HSE/HSI/PLL is turned off. Except for NRST/PC13-TAMPER/PC14-
0OSC32_IN/PC15-0SC32_OUT, most 10 ports are in high impedance state.

In VBAT mode, depending on the configuration before VDD is powered down, the following features are available:
B RTC optional: It can be turned on by RCC_BDCTRL.RTCEN.

B Internal RC oscillator (LSI RC) optional: It can be turned on by RCC_CTRLSTS.LSIEN.

B External 32.768kHz crystal oscillator (LSE OSC) optional: It can be turned on by RCC_BDCTRL.LSEEN bit.

B R-SRAM data retention, which can be turned on by register PWR_CTRL2.SR2STBRET.
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4.2.5.1 Enter VBAT mode

When VDD is powered down, it will enter VBAT mode at any time.
4.2.5.2 Exit VBAT mode

When VDD returns to the power-on reset threshold, the MCU exits VBAT mode. After VDD is restored, the core

area

of the MCU will be completely executed according to the power-on sequence. After waking up from VBAT

mode, code execution is identical to execution after reset. The PWR_CTRLSTS.VBATF status flag indicates that the
MCU exits from VBAT mode.

4.3 Low-power auto-wakeup (AWU) mode

In automatic wake-up mode, the RTC can be used to wake up from different low-power modes without relying on
external interrupts. The RTC provides a programmable clock reference for timed wake-up from STOPO, STOP2 and
STANDBY modes. To do this, two of the three optional RTC clock sources can be selected by software programming
RCC_BDCTRL.RTCSEL[1:0] as follows:

32.768kHz external crystal clock (LSE OSC)
This clock source provides an accurate clock reference with very low power consumption.
RC internal crystal clock (LSI RC)

This clock source has the advantage of saving the cost of the 32.768 kHz crystal, but the clock accuracy is worse
than the LSE.

To wake up from STOP2 mode using the RTC alarm event, you need:

Configure EXTI 17 rising edge trigger.

Configure RTC to enable RTC alarm event.

To wake up from STANDBY mode using RTC alarm event, EXTI 17 does not need to be configured.

VBAT mode cannot wake up via RTC.

4.4 PWR registers

4.4,

1 PWR register overview

Table 4-3 PWR register overview

Offset | Register s[e[[&[x[g[R][I[[S][d[R[a[a[s[g[v][s[a]d][g]g]o][w[r[oe][w][s]eo][~][=]=
=
o
PWR_CTRL 8% PRS[2:0] E é 2|8l
000h - Reserved =8 : S|lo| ||~
% 8 &)
Reset Value o[ofoJoJoJoJoJo[o]o
z
i AL
PWR_CTRLST: S < Q
004h _CTRLSTS Reserved ™4 Reserved a|lz2|o|X
z > =
Reset Value 0 gojojfo
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Offset | Register s[e[a[a[x[e[o[I[[[I[]a[a[s]a[als][alg]g[8]o][w][r]e]w][~][][~][=]=
2|2 LSITRIM[4:0] Sl2|5|g
oogh | PWR.CTRL2 Reserved Q g : gl g 218
2|2 FlE| &
Reset Value 11JoJaJaJaJoJoJa1]o]o
5
00Ch PWR_CTRL3 Reserved E
w
Reset Value |0 |
4.4.2 Power control register (PWR_CTRL)
Address offset: 0x00
Reset value: 0x0000 0700 (reset by wakeup from STANDBY mode)
31 16
Reserved
15 10 9 8 7 5 4 3 2 1 0
Reserved MSB | DBKP PRS[2:0] PVDEN | (B | cWKUP | PDS LPS
™ ™ ™ ™ rc_ wl rc_wl ™ ™
Bit field Name Description
31:10 Reserved Reserved, the reset value must be maintained.
9 MSB 4-bit PVD threshold setting bits.

This bit is operational when PWR_CTRL3.EXMODE = 1.
Therefore, the PWR_CTRL3.EXMODE bit needs to be configured first.
When the MSB bit is 0, the threshold is as follows:

register(4bits) \oltage
0000 2.2v
0001 2.3v
0010 2.4v
0011 2.5v
0100 2.6v
0101 2.7v
0110 2.8v
0111 2.9v
When the MSB bit is 1, the threshold is as follows:

register(4bits) \oltage
1000 1.78v
1001 1.88v
1010 1.98v
1011 2.08v
1100 3.06v
1101 3.24v
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Bit field Name Description
1110 3.42v
1111 3.60v
8 DBKP Cancel the write protection of the backup power domain.

In the reset state, the RTC and backup domain registers should be protected to
prevent illegal writing. This bit must be set to enable write access to these registers.
0: Disable access to RTC and backup registers

1: Enable access to RTC and backup registers

Note: This bit must remain 1 if the RTC clock is HSE/128.

7:5 PRS[2:0] PVD monitoring voltage selection.

Combinations of different bits represent different voltage thresholds of the voltage
detector.

These bits need to be configured in conjunction with the MSB bit. For specific voltage
thresholds, see the description of the MSB bit.

NOTE: See the Electrical Characteristics section in the datasheet for detailed
descriptions.

4 PVDEN Power supply voltage monitor (PVD) enabled.
0: Disable PVD

1: Enable PVD

3 CSBVBAT Clear STANDBY/VBAT bit.

always reads as 0

0: invalid
1: Clear PWR_CTRLSTS.SBF and PWR_CTRLSTS.VBATF standby bits (write)
2 CWKUP Clear wakeup bit.

always reads as 0

0: invalid
1: Clear PWR_CTRLSTS.WKUPF wake-up bit after 2 system clock cycles (write)

1 PDS Power-down deep-sleep bit.

Operates in conjunction with the LPS bit

0: Enters shutdown mode when the CPU enters deep sleep, the state of the voltage
regulator is controlled by the LPS bit.

1: Enter standby mode when the CPU enters deep sleep.

0 LPS Low power consumption in deep sleep.
\When PDS=0, cooperate with the PDS bit

0: Voltage regulator on in shutdown mode

1: Voltage regulator in low power mode in shutdown mode

4.4.3 Power control status register(PWR_CTRLSTYS)

Address offset: 0x04

Reset value: 0x0000 0000 (not cleared when waking up from standby mode)
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31 16
Reserved
15 9 8 7 4 3 2 1 0
Reserved WKUPEN Reserved VBATF PVDO SBF WKUPF
™w T T T T

Bit field Name Description
31:9 Reserved Reserved, the reset value must be maintained.
8 WKUPEN Enable WKUP pin bit

0: The WKUP pin is a general purpose 1/0. An event on the WKUP pin cannot wake the
CPU from standby mode

1: WKUP pin is used to wake up CPU from standby mode, WKUP pin is forced to input
pull-down configuration (rising edge on WKUP pin wakes up system from standby
mode)

Note: This bit is cleared on system reset.

7:4 Reserved Reserved, the reset value must be maintained.

3 VBATF VBAT flag bit.

This bit is set by hardware and is only cleared by POR or PDR (power-on reset/power-
down reset) or set by setting the PWR_CTRL.CSBVBAT bit.

0: The device is not in VBAT mode

1: The device is already in VBAT mode

2 PVDO PVD output.

This bit is only valid when PVD is enabled by the P?WR_CTRL.PVDEN bit

0: VDD/VDDA is higher than the PVD threshold selected by PWR_CTRL.PRS[2:0]
1: VDD/VDDA is lower than the PVD threshold selected by PWR_CTRL.PRS[2:0]
Note: PVD is stopped in standby mode. Therefore, after standby mode or after reset,
this bit is 0 until the PWR_CTRL.PVDEN bit is set.

1 SBF Standby flag.

This bit is set by hardware and can only be cleared by POR/PDR (power-on/power-
down reset) or by setting the PWR_CTRL.CSBVBAT bit.

0: The system is not in standby mode

1: The system enters standby mode

0 WKUPF Wake up flag.

This bit is set by hardware and can only be cleared by POR/PDR (power-on/power-
down reset) or by setting the PWR_CTRL.CWKUP bit.

0: No wakeup event occurred

1: A wake-up event occurred on the WKUP pin or a RTC alarm event occurred.
Note: An additional event is detected when the WKUP pin is enabled (by setting the
WKUPEN bit) when the WKUP pin is already high.

4.4.4 Power control register 2 (PWR_CTRL2)

Address offset: 0x08
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Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1
15 11 10 9 8 4 3 2 1 0
T T T T T T T T
IWDG | IWDG , T™P | SR2 SR2
Reserved RSTEN | WPEN LSITRIM[4:0] WPEN | STBRET | VBRET | STOP2S
1 1 1 1 1 1 1 1
™w ™ ™w ™ ™w ™w ™

Bit field

Name

Description

31:11

Reserved

Reserved, the reset value must be maintained.

10

IWDGRSTEN

Independent watchdog reset enable.
0: Independent watchdog cannot generate reset to RCC
1: Independent watchdog can generate reset to RCC

IWDGWPEN

Independent watchdog wakeup enable.
0: Independent watchdog wakeup disable
1: Independent watchdog wake-up enable

LSITRIM[4:0]

LSI correction value

TMPWPEN

TAMPER wake-up enable.
0: Disable
1: Enable

SR2STBRET

R-SRAM holds the enable bit in standby mode.
0: In standby mode, R-SRAM remains disable
1: In standby mode, R-SRAM remains enable

SR2VBRET

R-SRAM holds the enable bit in VBAT mode.
0: In VBAT mode, R-SRAM remains disabled
1: In VBAT mode, R-SRAM remains enbale

STOP2S

STOP2 mode enable bit.
0: Not used
1: Enable STOP2 mode

4.4.5 Power control register 3 (PWR_CTRL3)

Address offset: 0x0C

Reset value: 0x0000 5B70

31

Reserved
1 1 1 1 1 1 1 1 1

Reserved
1 1 1 1 1 1 1 1 1

EXMODE

™

Bit field

Name

Description

3111

Reserved

Reserved, the reset value must be maintained.
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Bit field

Name

Description

0

EXMODE

Extended mode control bits.

0: Normal mode
1: Extended mode
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5 Backup registers (BKP)

5.1 Introduction

The backup memory is located in the backup domain, and is maintained by VBAT after the power supply VDD is
turned off. BKP has a total of 42 16-bit registers that can be used to store and protect user application data. These 84
bytes are not affected by wake-up from system standby mode or system reset.

In addition, the BKP control register has an tamper detection function.

When the system is reset, all write operations are disabled to protect the backup domain from accidental operations.
To enable, first set the RCC_APB1PCLKEN.PWREN and RCC_APB1PCLKEN.BKPEN bits to enbale the power
supply and the backup interface clock, and then set the PWR_CTRL.DBKP bit to enable the write operation to the
backup register.

5.2 Main features

B Only need VBAT power supply to maintain 84-byte data backup register
B The effective level of the tamper source can be configured

B Can realize the control of tamper detection interrupt or event (BKP_CTRLSTS)

5.3 Function description

B Power-down backup
B Tamper detection

An tamper detection event clears all backup data register contents. The detection function of the TAMPER pin can
be enabled by configuring the BKP_CTRL.TP_EN bit. It should be noted that the tamper detection signal is the
logical AND of the level detection signal and the BKP_CTRL.TP_EN bit, so the tamper detection should be
configured before the TAMPER pin is enabled.

When an tamper event is detected, the BKP_CTRLSTS.TEF bitis set to '1'. If the tamper detection interrupt is enabled
(bit'1"in BKP_CTRLSTS.TPINT_EN), an interrupt will be generated.

In order to prevent the software from writing the backup data register when there is still an tamper event on the
tamper detection pin, when the tamper event is cleared, the detection function of the tamper detection pin TAMPER
should be turned off. After the backup data register operation is completed, set the BKP_CTRL.TP_EN bitto '1".

The BKP_CTRL.TP_ALEV bit is used to set the active level of the tamper detection event. When
BKP_CTRL.TP_ALEV =0 or 1, if the TAMPER pin has been high or low before enabling, an additional tamper
event will occur even though there is no rising or falling edge signal on the TAMPER pin. Therefore, the TAMPER
pin should be connected to the correct level off-chip.
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5.4 BKP registers

5.4.1 BKP register overview

The BKP register is a 16-bit addressable register.

Table 5-1 BKP Register overview

ora] rawe |5]5]a]8|5|8|&|=]s]s]a]=]2]a]5]2]a]=]a]=]=]=]=]=]~]=]~]-]=]~]~]

000h Reserved
BKP_DAT1 DAT[15:0]

004h Reserved
Reset Value 0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT2 DAT[15:0]

008h Reserved
Reset Value 0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT3 DAT[15:0]

00Ch Reserved
Reset Value 0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT4 DAT[15:0]

010h Reserved
Reset Value 0‘0‘0‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT5 DAT[15:0]

014h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT6 DAT[15:0]

018h Reserved
Reset Value 0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT7 DAT[15:0]

01Ch Reserved
Reset Value O‘0‘O‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT8 DATI[15:0]

020h Reserved
Reset Value O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT9 DATI[15:0]

024h Reserved
Reset Value O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT10 DATI[15:0]

028h Reserved
Reset Value O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0

02Ch Reserved
2=
BKP_CTRL &‘I 5
o3on Reserved N e
Reset Value T
= E‘ g w
BKP_CTRLSTS 2 E E E 5
034h Reserved = Z d a
=
Reset Value 1o N
038h Reserved
03Ch Reserved
BKP_DATI11 DAT[15:0]
040h Reserved
ofofofofofofofofoofofofofo]s]o
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ome| rgser | w|8]&]z|s]g]s]x|e]a]a]s]a]a]=s]a]a]s]a]s]a]g]] ] ] ]]]~]c
BKP_DAT12 DAT[15:0]

044h Reserved
Reset Value 000OOIOIO‘OIO‘O‘OIO‘OIOIO‘O
BKP_DAT13 DAT[15:0]

048h Reserved
Reset Value 000OOIOIO‘OIO‘O‘OIO‘OIOIO‘O
BKP_DAT14 DAT[15:0]

04Ch Reserved
Reset Value 00000‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT15 DAT[15:0]

050h Reserved
Reset Value 00000‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT16 DAT[15:0]

054h Reserved
Reset Value 0OO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT17 DAT[15:0]

058h Reserved
Reset Value OO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT18 DAT[15:0]

05Ch Reserved
Reset Value 0OO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT19 DAT[15:0]

060h Reserved
Reset Value 0OO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT20 DAT[15:0]

064h Reserved
Reset Value 0OOOO‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT21 DAT[15:0]

068h Reserved
Reset Value 0OOOO‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT22 DAT[15:0]

06Ch Reserved
Reset Value 0OOOO‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT23 DAT[15:0]

070h Reserved
Reset Value 0OOOO‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT24 DAT[15:0]

074h Reserved
Reset Value 0OOOO‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT25 DAT[15:0]

078h Reserved
Reset Value 0OOOO‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT26 DAT[15:0]

07Ch Reserved
Reset Value 0OO00‘0‘0‘0‘0‘0‘0’0‘0’0’0‘0
BKP_DAT27 DAT[15:0]

080h Reserved
Reset Value 0OO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT28 DATI[15:0]

084h Reserved
Reset Value OOO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT29 DATI[15:0]

088h Reserved
Reset Value OOO00‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT30 DAT[15:0]

08Ch Reserved
Reset Value 00000‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT31 DAT[15:0]

090h Reserved
Reset Value 00000‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT32 DAT[15:0]

094h Reserved
Reset Value 00000‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT33 DAT[15:0]

098h Reserved
Reset Value 00000’0’0‘0’0‘0‘0’0‘0’0’0‘0

09Ch| BKP_DAT34 Reserved DAT[15:0]
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ome| rgsewr | w|8]&]z|s]g]s]x|e]a]a]s]a]a]=s]a]a]s]a]s]a]g]] ] ]| ]~]~]c
Reset Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0
BKP_DAT35 DAT[15:0]

0AOh Reserved
Reset Value 0‘0‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT36 DAT[15:0]

0A4h Reserved
Reset Value 0‘0‘O‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0
BKP_DAT37 DAT[15:0]

0A8h Reserved
Reset Value 0‘0‘OIO‘OIOIO‘OIO‘O‘OIO‘OIOIO‘O
BKP_DAT38 DAT[15:0]

0ACh Reserved
Reset Value 0‘0‘OIO‘OIOIO‘OIO‘O‘OIO‘OIOIO‘O
BKP_DAT39 DAT[15:0]

0BOh Reserved
Reset Value 0‘0‘OIO‘OIOIO‘OIO‘O‘OIO‘OIOIO‘O
BKP_DAT40 DAT[15:0]

0B4h Reserved
Reset Value 0‘O‘O‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT41 DAT[15:0]

0B8h Reserved
Reset Value 0‘O‘O‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O
BKP_DAT42 DAT[15:0]

0BCh Reserved
Reset Value 0‘O‘O‘0‘O‘O‘O‘O‘O‘O‘OIO‘OIOIO‘O

5.4.2 Backup Data Register x (BKP_DATX) (x=1 ... 42)

Address offset: 0x04 to 0x28,0x40 to 0xBC

Reset value: 0x0000 0000

15

DAT[15:0]

™

Bit field

Name

Description

15:0

DAT[15:0]

backup data
IThese bits can be used to write user data.

Note: BKP_DATX registers are not reset by system reset, power reset, wake-up from standby
mode. They can be reset by a backup domain reset or (if the tamper detection pin TAMPER

function is enabled) by a tamper pin event.

5.4.3 Backup Control Register (BKP_CTRL)

Address offset: 0x30

Reset value: 0x0000 0000

15 2 1 0
Reserved TP_ALEV| TP_EN
'w ™w
Bit field Name Description
15:2 Reserved Reserved, the reset value must be maintained.
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Bit field Name Description
1 TP_ALEV [Tamper detection TAMPER pin active level
0: A high level on the tamper detection TAMPER pin clears all data backup registers
1: A low level on the tamper detection TAMPER pin clears all data backup registers
0 TP_EN

Start tamper detection TAMPER pin
0: Tamper detection TAMPER pin is used as a general 10 port

1: Enbale the tamper detection pin for tamper detection

Note: It is always safe to set the BKP_CTRL.TP_ALEV and BKP_CTRL.TP_EN bits at the same time. However,
clearing both at the same time produces a false tamper event. Therefore, it is recommended to change the state of the
BKP_CTRL.TP_ALEYV bit only when BKP_CTRL.TP_EN is 0.

5.4.4 Backup Control/Status Register (BKP_CTRLSTYS)

Address offset: 0x34

Reset value: 0x0000 0000

15 10 9 8 7 3 2 1 0
Reselrved I TINTF TEF I I Reserved I I ITPINT_ENCLRTINT| CLRTE

Bit field Name Description

15:10 Reserved Reserved, the reset value must be maintained.

9 TINTF [Tamper interrupt flag
IThis bit is set by hardware when an tamper event is detected and the TPINT_EN bit is 1. This flag
is cleared by writing a 1 to the CLRTINT bit (which also clears the interrupt). This bit is also
cleared if the TPINT_EN bit is cleared.
0: No tamper interrupt
1: Generate tamper interrupt
Note: This bit is only reset after system reset or wake-up from standby mode

8 TEF [Tamper event sign
[This bit is set by hardware when an tamper event is detected. This flag can be cleared by writing a
1 to the CLRTE bit
0: No tamper event
1: Tamper event detected
Note: A tamper event resets all BKP_DATX registers. All BKP_DATX registers remain reset as
long as TEF is 1. When this bit is set to 1, if a write operation is performed to BKP_DATX, the
written value will not be saved.

7:3 Reserved Reserved, the reset value must be maintained.

2 TPINT_EN  |Allow tamper of TAMPER pin interrupt
0: Disable tamper detection interrupt
1: Tamper detection interrupt is enabled (the TP_EN bit of the BKP_CTRL register must also be
setto 1)
Note 1: Intrusive interrupts cannot wake up the system core from low power modes.
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Bit field

Name

Description

Note 2: This bit is reset only after system reset or wake-up from standby mode.

CLRTINT

Clear Tamper Detection Interrupt

[This bit can only be written, and the read value is 0.

0: invalid

1: Clear the tamper detection interrupt and TINTF tamper detection interrupt flags

CLRTE

Clear tamper detection events

[This bit can only be written, and the read value is 0.

0: invalid

1: Clear the TEF tamper detection event flag (and reset the tamper detector).
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6 Reset and clock control (RCC)

6.1 Reset Control Unit

Supports the following three types of reset:
® Power Reset
® System Reset

® Backup domain Reset

6.1.1 Power reset

A Power reset occurs in the following circumstances:
® Power-on reset (POR reset).

® Power-down reset(PDR reset).

® \When exiting STANDBY mode.

Power resets will reset all registers except the backup domain (see Figure 4-1).

www.nationstech.com

The reset source in the figure will finally act on the NRST pin and remain low during the reset process. The reset
entry vector is fixed at address 0x0000_0004. For more details, see Table 2-1 vector table.

6.1.2 System reset

Except the reset flags in the Control/Status Register (RCC_CTRLSTS)and the registers in the backup domain (see

Figure 4-1), a system reset sets all registers to their reset values.

A system reset is generated when one of the following events occurs:

A low level on the NRST pin (external reset)

Window watchdog end of count condition (WWDG reset)
Independent watchdog end of count condition (IWDG reset)
Software reset (SW reset)

Low power management reset

Power reset

MMU protection reset

RAM parity error reset

Backup domain EMC reset

Retention domain EMC reset

BOR reset
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The source of the reset event can be identified by looking at the reset status flag bits in the RCC_CTRLSTS control

status register.

6.1.2.1 Software reset

A software reset can be generated by setting the SYSRESETREQ bit in Cortex™-M4 Application Interrupt and Reset
Control Register. Refer to Cortex™-M4 technical reference manual for further information.

6.1.2.2 Low-power management reset

Low-power management reset can be generated by using the following methods:

® Generate low power management reset when entering STANDBY mode: This reset is enabled by setting the
NRST_STDBY bit in the user option byte. At this time, even if the procedure to enter STANDBY mode is

performed, the system will be reset instead of entering STANDBY mode.

®  Generate low power management reset when entering STOPO/STOP2 mode: This reset is enabled by setting the
NRST_STOP bit in the user option byte. At this time, even if the process to enter STOPO/STOP2 mode is
performed, the system will be reset instead of entering STOPO/STOP2 mode.

The system reset signal provided to the chip is output on the NRST pin. The pulse generator guarantees a minimum
reset pulse duration of 20us for each reset source (external or internal). For external reset, the reset pulse is generated

while the NRST pin is asserted low.

The Figure below shows the system reset generation circuit.

Figure 6-1 System reset generation

VDD/VDDA

i

System Reset
- Filter Schmit

-
L

NRST PIN

=

IWDG reset
WWDG reset

SW reset
Low Power
Management reset

Generator
(min 20us)

— Pulse
—|I— -t

Power reset

MMU reset

RAM parity error
reset

Backup domain EMC
reset

Retention domain
EMC reset

BOR reset

6.1.3 Backup domain reset

The backup domain has two dedicated resets that only affect the backup domain (see Figure 4-1 Power Supply Block

Diagram).
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The backup domain reset is generated when one of the following events occurs:
® Software reset: The backup domain reset can be generated by setting the RCC_BDCTRL.BDSFTRST bit.

®  Under the premise that both VDD and VBAT are powered off, the backup area will be reset only when VDD or
VBAT is powered on.

6.2 Clock control unit

Three different clock sources can be used to drive the system clock (SYSCLK):
B HSI oscillator clock;

B HSE oscillator clock;

B PLL clock;

The devices have the following two secondary clock sources:

B LSI: 40 kHz low-speed internal RC which drives independent watchdog (IWDG) can be selected by software to
drive RTC. RTC is used to automatically wake up the system from STOPO/STOP2/STANDBY mode.

B LSE: 32.768 kHz low-speed external crystal can also be selected by software to drive RTC(RTCCLK).
Each clock source can be turned on or off independently when it is not used to optimize power consumption.

Several prescalers can be used to configure the frequencies of the AHB, the high-speed APB (APB2), and the low-
speed APB (APB1) domains. The maximum frequencies of the AHB, APB2, and APB1 domains are 144MHz,
72MHz, and 36MHz respectively. The clock frequency of the SDIO interface is fixed at HCLK/2.

RCC provides the Cortex System Timer (SysTick) external clock with the AHB clock (HCLK) divided by 8. This
clock or Cortex clock(HCLK) can be selected to drive the SysTick by programming the SysTick Control and Status
Register. The ADC clock is generated by dividing the AHB clock or PLL clock.

The clock frequencies of timers are automatically set by hardware. There are two scenarios:

B [f the APB prescaler is 1, the timer clock frequencies are set to the same frequency as that of the APB domain
to which the timers are connected.

B Otherwise, they are set to twice the frequency of the APB domain to which the timers are connected.

FCLK is the free-running clock of Cortex™-M4F. For more details, refer to the ARM Cortex™-M4 technical
reference manual.
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6.2.1 Clock Tree Diagram

Figure 6-2 Clock Tree
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1. When HSI is used as the input of the PLL clock, the maximum frequency that the system clock can get is 128MHz.

2. For more details about the internal and external clock source characteristics, please refer to the "Electrical Characteristics™ section in

the product datasheet.

6.2.2 HSE clock

The high-speed external clock signal (HSE) can be generated from the following two clock sources:

® HSE external crystal/ceramic resonator
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® HSE user external clock

To reduce distortion of the clock output and shorten the start-up Stablize time, the crystal/ceramic resonator and
load capacitor must be placed as close as possible to the oscillator pins. The load capacitance value must be
adjusted according to the chosen oscillator.

Figure 6-3 HSE/LSE clock source

External Clock Crystal/Ceramic Resonators
OSC_OouT OSC_IN OSC_ouT
[ [ [ [
L
T (Hiz)
External Clock Source Crystal

Cl-[ 02]—

In this mode, an external clock source must be provided. Its frequency can be up to 32MHz. Users can select this
mode by setting the RCC_CTRL.HSEBP and RCC_CTRL.HSEEN bits. The external clock signal(50% duty cycle
square, sine or triangle wave) must be connected to the OSC_IN pin while the OSC_OUT pin must be left floating
(Hi-Z). See Figure 6-3.

6.2.2.1 External clock source (HSE bypass)

6.2.2.2 External crystal/ceramic resonator (HSE crystal)

The 4 to 32 MHz external oscillator has the advantage of producing a more accurate master clock for the system. The
associated hardware configuration is shown in See Figure 6-3. For more details, please refer to the electrical
characteristics section of the datasheet.

The RCC_CTRL.HSERDF bit indicates whether the high-speed external oscillator is stable or not. At startup, the
clock is not released until this bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt
Register (RCC_CLKINT).

HSE clock can be switched on and off by setting the RCC_CTRL.HSEEN bit.

6.2.3 HSI clock

The HSI (High Speed Internal) clock signal is generated by an internal 8BMHz RC oscillator and can be used directly
as system clock or as PLL input after dividing by 2. The HSI RC oscillator can provide a clock source without any
external devices. It also has a shorter startup time than the HSE crystal oscillator. However, its frequency is less
accurate even with calibration.

The HSI clock frequency of each chip has been calibrated to 1% (25 <C) before leaving the factory. After the system
reset, the factory calibration value is loaded into the RCC_CTRL.HSICAL[7:0] bits.

If the user application is subject to voltage or temperature variations, this may affect the accuracy of the RC oscillator.
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The HSI frequency can be trimmed by using the RCC_CTRL.HSITRIM[4:0] bits.

The RCC_CTRL.HSIRDF bit flag indicates if the HSI RC oscillator is stable. At startup, the HSI RC output clock is
not released until this bit is set by hardware. HSI clock can be switched on and off using the RCC_CTRL.HSIEN bit.

If the HSE crystal oscillator fails, the HSI clock is used as a backup clock source. Refer to Section 6.2.8 Clock
Security System.

6.2.4 PLL clock

The internal PLL can be used to multiply the HSI or the HSE clock frequency. Refer to Figure 6-2 Clock Tree, The
PLL configuration (selection of PLL input clock (HSI/HSE and divider) and multiplication factor) must be done
before enabling PLL. Once the PLL is enabled, these parameters cannot be changed. The PLL can be configured
using control bits in RCC_CTRL and RCC_CFG registers.

If the PLL interrupt is enabled in the clock interrupt register, an interrupt request can be generated when the PLL is
ready.

If the USB interface needs to be used in the application, the PLL must be set to output 48, 72, 96,144MHz clocks to
provide the 48MHz USBCLK clock.

6.2.5 LSE clock

The LSE crystal is a 32.768KHz low speed external crystal or ceramic resonator. It provides a low-power and accurate
clock source for the real-time clock or other timing functions.

The LSE clock is enabled and disabled by the RCC_BDCTRL.LSEEN bit.

The RCC_BDCTRL.LSERD bit indicates whether the LSE clock is stable. During the startup phase, the LSE clock
signal is not released until this bit is set by hardware. If enabled in the clock interrupt register, an interrupt request
can be generated.

6.2.5.1 LSE external clock source(LSE bypass)

In this mode, an external clock source with a frequency of up to 1 MHz can be provided. Users can select this mode
by setting the RCC_BDCTRL.LSEBP and RCC_BDCTRL.LSEEN bits. The external clock signal(square, sine or
triangle wave) with 50% duty cycle must be connected to the OSC32_IN pin while the OSC32_OUT pin must be left
floating (Hi-2).

6.2.6 LSI clock

The LSI RC can clock the IWDG and AWU in STOPO/STOP2 and STANDBY modes. The LSI clock frequency is
about 40kHz. For further information please refer to the Electrical Characteristics section of the data sheet.

The LSI clock can be turned on or off using the RCC_CTRLSTS.LSIEN bit.

The RCC_CTRLSTS.LSIRD bit flag indicates if the LSI clock is stable. At startup, the clock is not released until this
bit is set by hardware. An interrupt can be generated if enabled in the Clock Interrupt Register (RCC_CLKINT).
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6.2.6.1 LSI calibration

The internal low-speed oscillator LS| can be calibrated to compensate for its frequency offset to obtain an RTC time
base with acceptable accuracy, and an independent watchdog (IWDG) timeout (when these peripherals are clocked
from the LSI).

Calibration can be achieved by measuring the LSI clock frequency using the TIM5's input clock (TIM5_CLK). The
measurement is guaranteed by the accuracy of the HSE. The software can obtain the accurate RTC clock base by
adjusting the 20 bit prescaler of the RTC, and obtain the accurate independent watchdog (IWDG) timeout time by
calculation.

The LSI calibration steps are as follows:

1. Turn on TIMS5 and set channel 4 to input capture mode;

2. Set the AFIO_RMP_CFG.TIM5CH4_RMP bit to 1, and connect the LSI to channel 4 of TIM5 internally;
3. Measure LSI clock frequency through TIM5 capture/compare 4 events or interrupts;

4. Set the 20 bit prescaler based on the measurement results and the desired RTC time base and independent watchdog
timeout.

6.2.7 System clock (SYSCLK) selection

After a system reset, the HSI oscillator is selected as the system clock. It cannot be stopped when the clock source is
used directly or indirectly through the PLL as the system clock.

Switching from one clock source to another will only occur when the target clock source is ready (either after a delay
to start the stabilization phase or PLL stabilization). When the selected clock source is not ready, the switching of the
system clock will not occur until the target clock source is ready.

Status bits in the clock control register (RCC_CTRL) indicate which clock is ready and which clock is currently used
as the system clock.

6.2.8 Clock security system (CLKSS)

Clock security system can be activated by software by setting the RCC_CTRL.CLKSSEN bit. Once activated, the
clock detector is enabled after the startup delay of the HSE oscillator, and disabled when the HSE clock is turned off.

If the HSE clock fails, the HSE oscillator will be automatically turned off, and a clock failure event will be sent to
the break input of the advanced timers (TIM1 and TIM8), and the Clock Security System Interrupt CLKSSIF will be
generated, allowing the software to execute rescue operations. The CLKSSIF interrupt is connected to the NMI (Non-
Maskable Interrupt) interrupt of the Cortex™-M4.

Once the CSS is activated and the HSE clock fails, the CSS interrupt is generated and the NMI is automatically
generated. The NMI will be executed continuously until the CSS interrupt pending bit is cleared. Therefore, it is
necessary to clear the CSS interrupt by setting the RCC_CLKINT.CLKSSICLR bit in the NMI handler.

If the HSE oscillator is directly or indirectly used as the system clock (indirectly means: it is used as the PLL input
clock, and the PLL clock is used as the system clock), the clock failure will cause a switch of the system clock to the
HSI oscillator and the disabling of the external HSE oscillator. If HSE clock (divided or not) is selected as PLL input
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clock then upon HSE clock failure, the PLL will be turned off.

6.2.9 RTC clock

By programming RCC_BDCTRL.RTCSEL[1:0] bits, the RTCCLK clock source can be either the HSE/128, LSE, or
LSI clocks. This selection cannot be changed unless the backup domain is reset.

The LSE clock is in the backup domain, but the HSE and LSI clocks are not. therefore:
B If LSE is selected as RTC clock:

€ Aslong as VBAT remains powered, the RTC continues to work even though the VDD power supply is cut
off.

B If LSl is selected as the automatic wake-up unit (AWU) clock:

€ If the VDD supply is cut off, the AWU status cannot be guaranteed. For LSI calibration, see Section 6.2.6
LSI Clock.

B [f the HSE clock is divided by 128 as the RTC clock:

€ If the VDD power supply is cut off or the internal voltage regulator is turned off (the power supply in the
1.8V domain is cut off), the RTC state is indeterminate.

€ The PWR_CTRL.DBKP bit of the power control register (see Section 4.4.2) must be set (to cancel the
write protection of the backup power domain) to 1.

6.2.10 Watchdog clock

If the IWDG is started by either hardware option or software access, the LSI oscillator will be forced ON and cannot
be disabled. After the LSI oscillator is stabilized, the clock is provided to the IWDG.

6.2.11 Clock output(MCO)

The microcontroller clock output (MCO) capability allows the clock signal to be output onto the external MCO pin.

The corresponding GPIO port register must be configured for the corresponding function.The following 4 clock
signals can be selected as the MCO clock:

B SYSCLK
H HSI
B HSE

B PLL clock division

The clock selection is controlled by RCC_CFG.MCO[2:0] bits.

6.3 RCC Registers

The RCC registers are accessible through AHB bus. The register description is as follows.
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6.3.1 RCC register overview

Table 6-1 RCC register overview
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[offset Register HEIRENERREERNHEBEEEE sl3[a]g[g[e]e]o[r[e]w][~s]e[~]]=
z | z
w | o w
02|32 . 5
030h Ree_cres Reserved g g ; TRNGIMPRES[4:0] Reserved & Reserved
| E| 3 o
= 4 o
Reset Value 0o oJoJ1]1]1 1]
6.3.2 Clock Control Register (RCC_CTRL)
Address offset: 0x00
Reset value: 0x0000 0083
31 26 25 24 23 20 19 18 17 16
T T T T T T T T
Reserved PLLRDF | PLLEN Reserved ICLKSSEN| HSEBP | HSERDF | HSEEN
1 1 1 1 1 1 1 1
T ™ ™ ™w iy ™w
15 8 7 3 2 1 0
T T T T T T T T T T T
HSICAL[7:0] HSITRIM[4:0] Reserved | HSIRDF | HSIEN
1 1 1 1 1 1 1 1 1 1 1
T ™w T ™w
Bit Field Name Description
31:26 Reserved Reserved, the reset value must be maintained.
25 PLLRDF PLL clock ready flag

Set by hardware once PLL is ready.

0: PLL is not ready

1: PLL is ready

24 PLLEN PLL enable

Set and cleared by software. When entering the stop0/stop2/standby mode, it is

cleared by hardware. This bit cannot be cleared when PLL is used as the system
clock.

When the HSI/HSE is used as the clock source for the PLL, the PLL will not be
turned on until the HSI/HSE clock is ready.

0: Disable PLL

1: Enable PLL
23:20 Reserved Reserved, the reset value must be maintained.
19 CLKSSEN Clock security system enable

Set and cleared by software.
0: Disable the clock detector
1: Enable the clock detector if the HSE oscillator is ready

18 HSEBP External high-speed clock bypass enable

Set and cleared by software. This bit can only be written when the HSE oscillator is
disabled.

0: Disable the bypass function of HSE oscillator

1: Enable the bypass function of HSE oscillator

17 HSERDF External high-speed clock ready flag

Set by hardware once HSE is ready. This bit takes 6 HSE clock cycles to clear after
the HSEEN bit is cleared.
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Bit Field Name Description
0: HSE is not ready
1: HSE is ready

16 HSEEN External high-speed clock enable
Set and cleared by software. When entering the stop0/stop2 or standby mode, it is
cleared by hardware. This bit cannot be cleared when HSE is used directly or
indirectly as the system clock.
0: Disable HSE oscillator
1: Enable HSE oscillator

15:8 HSICAL[7:0] Internal high-speed clock calibration value
These bits are automatically initialized at startup.

7:3 HSITRIM[4:0] Internal high-speed clock correction value
Written by software. The values of these bits will be added to the HSICAL[7:0] bits in
order to form the final value for calibrating the frequency of the internal HSI RC
oscillator. The trimming step is around 40 kHz between two consecutive HSICAL
steps, and the default value is 16, which can adjust the HSI to 8 MHz #1%.

2 Reserved Reserved, the reset value must be maintained.

1 HSIRDF Internal high-speed clock ready flag
Set by hardware once HSI is stable. After the HSIEN bit is cleared, it takes 6 internal
8 MHz oscillator clock cycles to go low.
0: HSI is not ready
1: HSI is ready

0 HSIEN Internal high-speed clock enable
Set and cleared by software. This bit cannot be cleared when HSI is used as the
system clock. When returning from stop0/stop2 or standby mode or HSE failure
occurs, set by hardware to enable the HSI oscillator. This bit cannot be reset if the
HSI is used directly or indirectly as system clock.
0: Disable HSI oscillator
1: Enable HSI oscillator

6.3.3 Clock Configuration Register (RCC_CFG)

Address offset: 0x04

Reset value: 0x2000 0000

31 28 27 26 24 23 %) 21 18 17 16
MCOPRES[3:0] PI%%%L MCO[2:0] USBPRES[1:0] PLLMULFCTI[3:0] PLLISE | PLLsRC
1 1 1 1 1 1 1 1
™w ™w ™w ™ ™w ™
15 14 13 11 10 8 7 4 3 2 1 0
T T T T T T T T T T
Reserved APB2PRES[2:0] APBIPRES[2:0] AHBPRES[3:0] SCLKSTS[1:0] SCLKSW[1:0]
™w 'w ™w T ™w
Bit Field Name Description
31:28 MCOPRES[3:0] MCO prescaler
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Bit Field Name Description

Set and cleared by software.

0010: Divide PLL clock by 2 as MCO clock
0011: Divide PLL clock by 3 as MCO clock
0100: Divide PLL clock by 4 as MCO clock
0101: PLL clock divided by 5 as MCO clock
0110: Divide PLL clock by 6 as MCO clock
0111: Divide PLL clock by 7 as MCO clock
1000: Divide PLL clock by 8 as MCO clock
1001: PLL clock divided by 9 as MCO clock
1010: Divide PLL clock by 10 as MCO clock
1011: Divide PLL clock by 11 as MCO clock
1100: PLL clock divided by 12 as MCO clock
1101: Divide PLL clock by 13 as MCO clock
1110: Divide PLL clock by 14 as MCO clock
1111: Divide PLL clock by 15 as MCO clock
Other values: not allowed to set

27 PLLMULFCT[4] This bit is combined with bit[21:18] to form a PLL multiplication factor. Please
refer to PLLMULFCTI[3:0].
26:24 MCOI[2:0] Microcontroller clock output selection

Set and cleared by software.

0xx: no clock output

100: Select system clock (SYSCLK) output

101: select internal high-speed clock (HSI) output

110: select external high-speed clock (HSE) output

111: Select the output after PLL frequency division

Notice: This clock output may be truncated when starting and switching the MCO
clock source.

When the system clock is output to the MCO pin, the output clock frequency should
not exceed 50MHz (the highest frequency of the 1/O port).

23:22 USBPRES[1:0] USB prescaler.

Set or cleared by software to generate a 48MHz USB clock. The values of these
bits must be valid before enabling the USB clock in the RCC_APB1PCLKEN
register.

00: Divide the PLL clock by 1.5 as the USB clock

01: The PLL clock is directly used as the USB clock

10: Divide the PLL clock by 2 as the USB clock

11: Divide the PLL clock by 3 as the USB clock

21:18 PLLMULFCT[3:0] PLL multiplication factor (including bit 27)

Written by software to define PLL multiplication factor. These bits can only be
written when the PLL is disabled. The PLL output frequency must not exceed
144MHz.

00000: PLL input clock =<2
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Bit Field

Name

Description

00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011:
10100:
10101:
10110:
10111:
11000:
11001:
11010:
11011:
11100:
11101:
11110:
11111:

PLL input clock %3

PLL input clock <4

PLL input clock x5

PLL input clock <6

PLL input clock <7

PLL input clock %8

PLL input clock %9

PLL input clock <10
PLL input clock <11
PLL input clock <12
PLL input clock %13
PLL input clock <14
PLL input clock <15
PLL input clock %16
PLL input clock %16
PLL input clock %17
PLL input clock %18
PLL input clock %19
PLL input clock %20
PLL input clock %21
PLL input clock %22
PLL input clock %23
PLL input clock %24
PLL input clock %25
PLL input clock %26
PLL input clock %27
PLL input clock %28
PLL input clock %29
PLL input clock <30
PLL input clock <31
PLL input clock %32

17

PLLHSEPRES

HSE prescaler for PLL input

Set and cleared by software to divide HSE before PLL entry. This bit can only be

written when PLL is disabled.

0: HSE clock not divided
1: HSE divided by 2

16

PLLSRC

PLL clock source

Set and cleared by software to select PLL clock source. This bit can only be

written when PLL is disabled.

0: HSI clock divided by 2 is used as the PLL input clock
1: HSE clock selected as PLL input clock

15:14

Reserved

Reserved, the reset value must be maintained.
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Bit Field

Name

Description

13:11

APB2PRES[2:0]

APB high-speed (APB2) prescaler

Set and cleared by software to configure the division factor of APB2 clock
(PCLK?2). Make sure that PCLK2 does not exceed 72MHz.

0xx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

10:8

APB1PRES[2:0]

APB low-speed (APBL1) prescaler

Set and cleared by software to configure the division factor of APB1 clock
(PCLK1). Make sure that PCLK1 does not exceed 36MHz.

0xx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

74

AHBPRES[3:0]

AHB prescaler

Set and cleared by software to configure the division factor of the AHB clock
(HCLK).

Oxxx: SYSCLK not divided
1000: SYSCLK divided by 2
1001: SYSCLK divided by 4
1010: SYSCLK divided by 8
1011: SYSCLK divided by 16
1100: SYSCLK divided by 64
1101: SYSCLK divided by 128
1110: SYSCLK divided by 256
1111: SYSCLK divided by 512

3:2

SCLKSTS[1:0]

System clock switching status

Set and cleared by hardware to indicate which clock source is used as system clock
00: The system clock comes from HSI

01: The system clock comes from HSE

10: The system clock comes from the PLL output

11: Unavailable

1:0

SCLKSW[1:0]

System clock switch

Set and cleared by software to select the system clock source.

Set by hardware to force HSI selection when exiting from the stop2 or standby
mode, or when the HSE oscillator fails (RCC_CTRL.CLKSSEN is enabled).
00: Select HSI as system clock

01: Select HSE as system clock

10: Select PLL output as system clock

11: Unavailable
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6.3.4 Clock Interrupt Register (RCC_CLKINT)

Address offset: 0x08
Reset value: 0x0000 0000

www.nationstech.com

24 23 22 21 20 19 18

17

16

Reserved
1 1

CI(“:IE?{SI Reserved

PLLRDI [ HSERDI | HSIRDI
CLR CLR CLR

LSERDI

CLR

LSIRDI
CLR

13 12

11

10

w w w w
9 8 7 6 5 4 3 2

\
1

w
0

Reserved
1 1

PLLRDI
EN

HSERDI
EN

HSIRDI
EN

LSERDI | LSIRDI '

EN EN CLKSSIF

Reserved PLLRDIF |HSERDIF | HSIRDIF

LSERDIF

LSIRDIF

™

™

™

™ ™ T T T T

T

T

Bit Field

Name

Description

31:24

Reserved

Reserved, the reset value must be maintained.

23

CLKSSICLR

Clock security system interrupt clear

Set by the software to clear the CLKSSIF flag.
0: No effect

1: Clear the CLKSSIF flag

22:21

Reserved

Reserved, the reset value must be maintained.

20

PLLRDICLR

PLL ready interrupt clear

Set by the software to clear the PLLRDIF flag.
0: No effect

1: Clear the PLLRDIF flag

19

HSERDICLR

HSE ready interrupt clear

Set by the software to clear the HSERDIF flag.
0: Not used

1: Clear HSERDIF flag

18

HSIRDICLR

HSI ready interrupt clear

Set by the software to clear the HSIRDIF flag.
0: Not used

1: Clear the HSIRDIF flag

17

LSERDICLR

LSE ready interrupt clear

Set by the software to clear the LSERDIF flag.
0: Not used

1: Clear LSERDIF flag

16

LSIRDICLR

LSI ready interrupt clear

Set by software to clear the LSIRDIF flag.
0: Not used

1: Clear the LSIRDIF flag

15:13

Reserved

Reserved, the reset value must be maintained.

12

PLLRDIEN

PLL ready interrupt enable
Set and cleared by software to enable and disable PLL ready interrupt

0: Disable PLL ready interrupt
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Bit Field Name Description

1: Enable PLL ready interrupt

11 HSERDIEN HSE ready interrupt enable

Set and cleared by software to enable and disable HSE ready interrupt.
0: Disable HSE ready interrupt

1: Enable HSE Ready Interrupt

10 HSIRDIEN HSI ready interrupt enable

Set and cleared by software to enable and disable HSI ready interrupt.
0: Disable HSI ready interrupt

1: Enable HSI ready interrupt

9 LSERDIEN LSE ready interrupt enable

Set and cleared by software to enable and disable LSE ready interrupt.
0: Disable LSE ready interrupt

1: Enable LSE ready interrupt

8 LSIRDIEN LSI ready interrupt enable

Set and cleared by software to enable and disable LSI ready interrupt.
0: Disable LSI ready interrupt

1: Enable LSI ready interrupt

7 CLKSSIF Clock security system interrupt flag

Set by hardware when a failure is detected in the external HSE oscillator.
0: No clock security system interrupt caused by HSE clock failure

1: Clock security system interrupt caused by HSE clock failure

6:5 Reserved Reserved, the reset value must be maintained.

4 PLLRDIF PLL ready interrupt flag

This bit is set by hardware when PLLRDIEN is set and PLL clock is ready.
This bit is cleared by software by setting the PLLRDICLR bit.

0: No clock ready interrupt caused by PLL lock

1: Clock ready interrupt caused by PLL lock

3 HSERDIF HSE ready interrupt flag

Set by hardware when HSERDIEN is set and the HSE clock is ready.
This bit is cleared by software by setting the HSERDICLR bit.

0: No clock ready interrupt caused by HSE oscillator

1: Clock ready interrupt caused by HSE oscillator

2 HSIRDIF HSI ready interrupt flag

Set by hardware when HSIRDIEN is set and the HSI clock is ready.
This bit is cleared by software by setting the HSERDICLR bit.

0: No clock ready interrupt caused by HSI oscillator

1: Clock ready interrupt caused by HSI oscillator

1 LSERDIF LSE ready interrupt flag

Set by hardware when LSERDIEN is set and the LSE clock is ready.
This bit is cleared by the software by setting the LSERDICLR bit.
0: No clock ready interrupt caused by LSE oscillator

1: Clock ready interrupt caused by LSE oscillator
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Bit Field

Name

Description

0

LSIRDIF

LSI ready interrupt flag

Set by the hardware when LSIRDIEN is set and the LSI clock is ready.
This bit is cleared by software by setting the LSIRDICLR bit.

0: No clock ready interrupt caused by LSI oscillator

1: Clock ready interrupt caused by LSI oscillator

6.3.5 APB2 Peripheral Reset Register (RCC_APB2PRST)

Address offset: 0x0c

Reset value: 0x0000 0000

21 20 19 18 17

16

Reserved 12C4RST | 12C3RsT | UARTT | UARTG

RST RST

DVPRST

™w ™w ™w ™w
10 9 8 7 6 5 4 3 2 1

™w
0

Reserved

USARTI1

RST

TIM8RST| SPIIRST [TIMIRST

Reserved IOPGRST |IOPFRST [IOPERST |IOPDRST|IOPCRST [IOPBRST [IOPARST | Reserved

AFIORST

™

™ ™ ™

™ ™ ™ ™ ™ ™ ™w

™

Bit Field

Name

Description

31:21

Reserved

Reserved, the reset value must be maintained.

20

12CARST

12C4 reset

Set and cleared by software.
0: Clear the reset

1: Reset 12C4

19

12C3RST

12C3 reset

Set and cleared by software.
0: Clear the reset

1: Reset 12C3

18

UART7RST

UARTY reset

Set and cleared by software.
0: Clear the reset

1: Reset UART7

17

UART6RST

UART® reset

Set and cleared by software.
0: Clear the reset

1: Reset UART6

16

DVPRST

DVP reset

Set and cleared by software.
0: Clear the reset

1: Reset DVP

15

Reserved

Reserved, the reset value must be maintained.

14

USART1RST

USART1 reset

Set and cleared by software.
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Bit Field

Name

Description

0: Clear the reset
1: Reset USART1

13

TIM8RST

TIMS8 timer reset

Set and cleared by software.

0: Clear the reset
1: Reset TIM8 timer

12

SPI1IRST

SPI1 reset

Set and cleared by software.

0: Clear the reset
1: Reset SPI1

11

TIM1RST

TIM1 timer reset

Set and cleared by software.

0: Clear the reset
1: Reset TIM1 timer

10:9

Reserved

Reserved, the reset value must be maintained.

IOPGRST

GPIO port G reset.

Set or cleared by software.

0: Clear the reset
1: Reset GPIO port G

IOPFRST

GPIO port F reset.

Set or cleared by software.

0: Clear the reset
1: Reset GPIO port F

IOPERST

GPIO port E reset.

Set or cleared by software.

0: Clear the reset
1: Reset GPIO port E

IOPDRST

GPIO port D reset.

Set or cleared by software.

0: Clear the reset
1: Reset GPIO port D

IOPCRST

GPIO port C reset.

Set or cleared by software.

0: Clear the reset
1: Reset GPIO port C

IOPBRST

GPIO port B reset.

Set or cleared by software.

0: Clear the reset
1: Reset GPIO port B

IOPAMPRST

GPIO port A reset.

Set or cleared by software.

0: Clear the reset

1177838
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Bit Field Name Description

1: Reset GPIO port A
1 Reserved Reserved, the reset value must be maintained.
0 AFIORST Alternate function 10 reset

Set and cleared by software.
0: Clear the reset

1: Reset Alternate Function

6.3.6 APBL1 Peripheral Reset Register (RCC_APB1PRST)

Address offset: 0x10

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved DACRST | PWRRST | BKPRST [CANZRSTICANIRST| Reserved | USBRST | 12C2RST [ 12C1RsT | URRT® | UART4 | USART3 | USART2] pecerved
TR TR N SR (O S S SR S S S SR S
SPI3RST | SPI2RST Reselrved WRVQG ' ' Reserved ' TIM7RST|TIM6RST| TIMSRST| TIM4RST| TIM3RST| TIM2RST,
rw rw I rw I I I rw rw rw rw rw rw
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
29 DACRST DAC interface reset.
Set or cleared by software.
0: Clear the reset
1: Reset the DAC interface
28 PWRRST Power interface reset
Set and cleared by software.
0: Clear the reset
1: Reset the power interface
27 BKPRST Backup interface reset.
Set or cleared by software.
0: Clear the reset
1: Reset the Backup interface
26 CAN2RST CAN2 reset
Set or cleared by software.
0: Clear the reset
1: Reset CAN2
25 CAN1RST CANL1 reset
Set or cleared by software.
0: Clear the reset
1: Reset CAN1
24 Reserved Reserved, the reset value must be maintained.
23 USBRST USB reset.
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Bit Field

Name

Description

Set or cleared by software.
0: clear the reset
1: Reset USB

22

12C2RST

12C2 reset

Set and cleared by software.
0: Clear the reset

1: Reset 12C2

21

12C1RST

12C1 reset

Set and cleared by software.
0: Clear the reset

1: Reset 12C1

20

UARTSRST

UARTS reset.

Set or cleared by software.
0: clear the reset

1: Reset UART5

19

UART4RST

UART4 reset

Set and cleared by software.
0: Clear the reset

1: Reset UART4

18

USART3RST

USARTS3 reset.

Set or cleared by software.
0: clear the reset

1: Reset USART3

17

USART2RST

USART? reset

Set and cleared by software.
0: Clear the reset

1: Reset USART2

16

Reserved

Reserved, the reset value must be maintained.

15

SPI3RST

SPI3 reset.

Set or cleared by software.
0: clear the reset

1: Reset SPI3

14

SPI2RST

SPI2 reset.

Set or cleared by software.
0: clear the reset

1: Reset SPI2

13:12

Reserved

Reserved, the reset value must be maintained.

11

WWDGRST

Window watchdog reset
Set and cleared by software.
0: Clear the reset

1: Reset window watchdog

10:6

Reserved

Reserved, the reset value must be maintained.
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Bit Field Name Description
5 TIM7RST TIM7 timer reset.

Set or cleared by software.
0: clear the reset

1: Reset the TIM7 timer

4 TIM6RST TIMG timer reset

Set and cleared by software.
0: Clear the reset

1: Reset TIM6 timer

3 TIM5RST TIMS5 timer reset

Set and cleared by software.

0: Clear the reset

1: Reset TIM5 timer

2 TIMARST TIM4 timer reset

Set and cleared by software.

0: Clear the reset

1: Reset TIM4 timer

1 TIM3RST TIMS3 timer reset

Set and cleared by software.

0: Clear the reset

1: Reset TIM3 timer

0 TIM2RST TIM2 timer reset

Set and cleared by software.

0: Clear the reset
1: Reset TIM2 timer

6.3.7 AHB Peripheral Clock Enable Register (RCC_AHBPCLKEN)

Address offset: 0x14
Reset value: 0x0000 0014

31 18 17 16
Reserved QspiEN [ETHMAC
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC4EN | ADC3EN | ADC2EN | ADCIEN| SACEN | SDIOEN |[RNGCEN Reserved CRCEN | Reserved | FLITFEN| Reserved | SRAMEN|DMA2EN|DMA1EN
w rw w w rw rw rw rw w w rw w
Bit Field Name Description
31:18 Reserved Reserved, the reset value must be maintained.
17 QSPIEN QSPI clock enable

Set and cleared by software.
0: QSPI clock disabled
1: QSPI clock enabled
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Bit Field

Name

Description

16

ETHMACEN

ETHMAC clock enable

Set and cleared by software.
0: ETHMAC clock disabled
1: ETHMAC clock enabled

15

ADCA4EN

ADCA4 clock enable

Set and cleared by software.
0: ADCH4 clock disabled

1: ADCA4 clock enabled

14

ADC3EN

ADC3 clock enable

Set and cleared by software.
0: ADC3 clock disabled

1: ADC3 clock enabled

13

ADC2EN

ADC2 clock enable

Set and cleared by software.
0: ADC2 clock disabled

1: ADC2 clock enabled

12

ADCILEN

ADCI1 clock enable

Set and cleared by software.
0: ADC1 clock disabled

1: ADC1 clock enabled

11

SACEN

SAC clock enable

Set and cleared by software.
0: SAC clock disabled

1: SAC clock enabled

10

SDIOEN

SAC clock enable

Set and cleared by software.
0: SAC clock disabled

1: SAC clock enabled

RNGCEN

RNGC clock enable

Set and cleared by software.
0: RNGC clock disabled

1: RNGC clock enabled

Reserved

Reserved, the reset value must be maintained.

CRCEN

CRC clock enable

Set and cleared by software.
0: CRC clock disabled

1: CRC clock enabled

Reserved

Reserved, the reset value must be maintained.

FLITFEN

Flash interface circuit clock enable.
Set or cleared by software.
0: Disable the clock of the flash interface circuit

1: Enable the clock of the flash interface circuit
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Bit Field

Name

Description

3

Reserved

Reserved

2

SRAMEN

SRAM interface clock enable

Set and cleared by software to disable/enable SRAM interface clock during Sleep
mode.

0: SRAM interface clock disabled during Sleep mode.

1: SRAM interface clock enabled during Sleep mode

DMAZ2EN

DMAZ2 clock enable

Set and cleared by software.
0: DMAZ2 clock disabled

1: DMAZ2 clock enabled

DMAILEN

DMAL1 clock enable

Set and cleared by software.
0: DMAL1 clock disabled

1: DMAL1 clock enabled

6.3.8 APB2 Peripheral Clock Enable Register (RCC_APB2PCLKEN)

Address offset: 0x18

Reset value: 0x0000 0000

21

20 19

18

17

Reserved
1

12C4EN | 12C3EN

[UART7EN]

I[UART6EN|

11

10

9

8

7

6

5

™w ™w
4 3

™w
2

™w

1

Reserved

USARTI

EN

TIM8EN | SPIIEN

TIMIEN

Reserved
.

IOPGEN

IOPFEN

IOPEEN

IOPDEN

IOPCEN | IOPBEN

IOPAEN

Reserved

AFIOEN

™w

™ ™

™w

™

™

™w

™

™w™ ™

™

™

Bit Field

Name

Description

31:21

Reserved

Reserved, the reset value must be maintained.

20

12C4EN

12C4 clock enable

Set and cleared by software.
0: 12C4 clock disabled

1: 12C4 clock enabled

19

12C3EN

12C3 clock enable

Set and cleared by software.
0: 12C3 clock disabled

1: 12C3 clock enabled

18

UART7EN

UARTY clock enable

Set and cleared by software.
0: UARTY clock disabled

1: UARTY clock enabled

17

UART6EN

UARTG6 clock enable

Set and cleared by software.
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Bit Field

Name

Description

0: UART®6 clock disabled
1: UARTS6 clock enabled

16

DVPEN

DVP clock enable

Set and cleared by software.

0: DVP clock disabled
1: DVP clock enabled

15

Reserved

Reserved, the reset value must be maintained.

14

USARTI1EN

USART1 clock enable

Set and cleared by software.

0: USART1 clock disabled
1: USART1 clock enabled

13

TIM8EN

TIMS8 Timer clock enable

Set and cleared by software.
0: TIM8 timer clock disabled
1: TIM8 timer clock enabled

12

SPI1EN

SPI11 clock enable

Set and cleared by software.

0: SPI1 clock disabled
1: SPI1 clock enabled

11

TIM1EN

TIM1 timer clock enable

Set and cleared by software.
0: TIM1 timer clock disabled
1: TIML1 timer clock enabled

10:9

Reserved

Reserved, the reset value must be maintained.

IOPGEN

10 Port G clock enable

Set and cleared by software.

0: 10 Port G clock disabled
1: 10 Port G clock enabled

IOPFEN

10 Port F clock enable

Set and cleared by software.

0: 10 Port F clock disabled
1: 10 Port F clock enabled

IOPEEN

10 Port E clock enable

Set and cleared by software.

0: 10 Port E clock disabled
1: 10 Port E clock enabled

IOPDEN

10 Port D clock enable

Set and cleared by software.

0: 10 Port D clock disabled
1: 10 Port D clock enabled

IOPCEN

10 Port C clock enable

Set and cleared by software.
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Bit Field

Name

Description

0: 10 Port C clock disabled
1: 10 Port C clock enabled

IOPBEN

10 Port B clock enable

Set and cleared by software.
0: 10 Port B clock disabled
1: 10 Port B clock enabled

IOPAEN

10 Port A clock enable

Set and cleared by software.
0: 10 Port A clock disabled
1: 10 Port A clock enabled

Reserved

Reserved, the reset value must be maintained.

AFIOEN

Alternate function 10 clock enable
Set and cleared by software.
0: Alternate Function 10 clock disabled

1: Alternate Function 10 clock enabled

6.3.9 APB1 Peripheral Clock Enable Register (RCC_APB1PCLKEN)

Address offset: Ox1c

Reset value: 0x0000 0000

31

30

29 28

27

26 25 24 23 22 21

20

19

18

17

16

OPAMP | Reserved | DACEN | PWREN | BKPEN |CAN2EN |CANIEN | Reserved | USBEN | 12C2EN | 12CIEN [UARTSENJUART4EN| USARTS | USARTZ pecerveq
™w ™w ™ ™ ™w ™ ™ ™w ™ ™w ™ ™w ™
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3EN | SPI2EN Reserved WWDG | 1scEn Reserved SOMP | COMPEN| TIM7EN | TIM6EN | TIMSEN | TIM4EN | TIM3EN | TIM2EN
™ ™w ™ ™w ™ ™w ™ ™w ™w ™w ™w ™w
Bit Field Name Description
31 OPAMPEN OPAMP clock enable.
Set or cleared by software.
0: Disable OPAMP clock
1: Enable OPAMP clock
30 Reserved Reserved, the reset value must be maintained.
29 DACEN DAC interface clock enable
Set and cleared by software.
0: DAC interface clock disabled
1: DAC interface clock enable
28 PWREN Power interface clock enable
Set and cleared by software.
0: Power interface clock disabled
1: Power interface clock enable
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Bit Field Name

Description

27 BKPEN

Backup interface clock enable

Set and cleared by software.

0: Backup interface clock disabled
1: Backup interface clock enabled

26 CANZ2EN

CANZ2 clock enable

Set and cleared by software.

0: CAN2 clock disabled
1: CAN2 clock enabled

25

CANI1EN

CANL1 clock enable

Set and cleared by software.

0: CANL1 clock disabled
1: CANL1 clock enabled

24

Reserved

Reserved, the reset value must be maintained.

23

USBEN

USB clock enable

Set and cleared by software.

0: USB clock disabled
1: USB clock enabled

22

12C2EN

12C2 clock enable

Set and cleared by software.

0: 12C2 clock disabled
1: 12C2 clock enabled

21

12C1EN

12C1 clock enable

Set and cleared by software.

0: 12C1 clock disabled
1: 12C1 clock enabled

20

UARTSEN

UARTS5 clock enable

Set and cleared by software.

0: UARTS5 clock disabled
1: UARTS clock enabled

19

UART4EN

UART4 clock enable

Set and cleared by software.

0: UART4 clock disabled
1: UART4 clock enabled

18

USART3EN

USART?2 clock enable

Set and cleared by software.

0: USART3 clock disabled
1: USARTS3 clock enabled

17

USART2EN

USART?2 clock enable

Set and cleared by software.

0: USART?2 clock disabled
1: USART2 clock enabled

16

Reserved

Reserved, the reset value must be maintained.
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Bit Field

Name

Description

15

SPI3EN

SPI3 clock enable

Set and cleared by software.
0: SPI3 clock disabled

1: SPI3 clock enabled

14

SPI2EN

SPI2 clock enable

Set and cleared by software.
0: SPI2 clock disabled

1: SPI2 clock enabled

13:12

Reserved

Reserved, the reset value must be maintained.

11

WWDGEN

Window watchdog clock enable

Set and cleared by software.

0: Window watchdog clock disabled
1: Window watchdog clock enabled

10:8

Reserved

Reserved, the reset value must be maintained.

COMPFILTEN

COMP Filter clock enable

Set and cleared by software.
0: COMP Filter clock disabled
1: COMP Filter clock enabled

COMPEN

COMP clock enable

Set and cleared by software.
0: COMP clock disabled

1: COMP clock enabled

TIM7EN

TIM7 timer clock enable
Set and cleared by software.
0: TIM7 clock disabled

1: TIM7 clock enabled

TIM6EN

TIMG timer clock enable
Set and cleared by software.
0: TIM6 clock disabled

1: TIM6 clock enabled

TIM5EN

TIMS timer clock enable
Set and cleared by software.
0: TIM5 clock disabled

1: TIM5 clock enabled

TIM4EN

TIM4 timer clock enable
Set and cleared by software.
0: TIM4 clock disabled

1: TIM4 clock enabled

TIM3EN

TIM3 timer clock enable
Set and cleared by software.
0: TIM3 clock disabled

1: TIM3 clock enabled
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Bit Field

Name

Description

0

TIM2EN

TIM2 timer clock enable
Set and cleared by software.
0: TIM2 clock disabled

1: TIM2 clock enabled

6.3.10 Backup Domain Control Register (RCC_BDCTRL)

Address offset: 0x20

Reset value: 0x0000 0000

T T T T T T T T T BDSFT
Reserved RST

™w
9 8 7 3 2 1 0

Reserved
1 1

T T T T T
RTCSEL[1:0] Reserved LSEBP | LSERD | LSEEN

™ ™ ™ ™

Bit Field

Name

Description

31:17

Reserved

Reserved, the reset value must be maintained.

16

BDSFTRST

Backup domain software reset.
Set or cleared by software.

0: No effect

1: Reset the entire backup domain

15

RTCEN

RTC clock enable

Set and cleared by software.
0: Disable RTC clock

1: Enable RTC clock

14:10

Reserved

Reserved, the reset value must be maintained.

9:8

RTCSEL[1:0]

RTC clock source selection

Set by software to select RTC clock source. Once the RTC clock source is selected,
it cannot be changed until the next backup domain is reset. These bits can be reset
by setting the BDSFTRST bit.

00: No clock

01: LSE oscillator selected as RTC clock

10: LS| oscillator selected as RTC clock

11: HSE oscillator divided by 128 selected as RTC clock

Reserved

Reserved, the reset value must be maintained.

LSEBP

External low-speed oscillator bypass

In debug mode, set and cleared by software to bypass oscillator. This bit can only
be written when the external low-speed oscillator is disabled.

0: LSE oscillator not bypassed

1: LSE oscillator bypassed

LSERD

External low-speed clock oscillator ready
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Bit Field

Name

Description

Set and cleared by hardware to indicate if the LSE oscillator is ready. After the
LSEEN bit is cleared, LSERD goes low after 6 cycles of the LSE clock.

0: External low-speed oscillator not ready

1: External low-speed oscillator ready

LSEEN

External low-speed clock oscillator enable
Set and cleared by software.
0: Disable the external low-speed oscillator

1: Enable the external low-speed oscillator.

Note: The RCC_BDCTRL.LSEEN, RCC_BDCTRL.LSEBP, RCC_BDCTRL.RTCSEL and RCC_BDCTRL.RTCEN
bits are in the backup domain. Therefore, these bits are write-protected after reset and can only be changed after the
PWR_CTRL.DBKP bit is set. These bits can only be cleared by a backup domain reset. Any internal or external reset
will not affect these bits.

6.3.11 Clock Control/Status Register (RCC_CTRLSTYS)

Address offset: 0x24

Reset value: 0x0C000003

31 30

29 28 27

26 25 24 23 22 21 20 19 18 16

LPWR | WWDG
RSTF RSTF

IWDG SFT POR
RSTF RSTF RSTF

MMU RAM BKP RET BOR

RSTF RMRSTF RSTF Reserved EMCF EMCF RSTF Reserved

PINRSTF

T T T T T T T T
Reserved LSIRD | LSIEN

Bit Field

Name

Description

31

LPWRRSTF

Low power reset flag

Set by hardware when a low-power management reset occurs.
Cleared by software by writing to the RMRSTF bit.

0: No low-power management reset occurred

1: A low-power management reset occurred

30

WWDGRSTF

Window watchdog reset flag

Set by hardware when a window watchdog reset occurs.
Cleared by software by writing to the RMRSTF bit.

0: No windowed watchdog reset occurred

1: Window watchdog reset occurred

29

IWDGRSTF

Independent watchdog reset flag

Set by hardware when an independent watchdog reset occurs
Cleared by software by writing to the RMRSTF bit.

0: No independent watchdog reset occurred

1: Independent watchdog reset occurred

28

SFTRSTF

Software reset flag

Set by hardware when a software reset occurs.
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Bit Field Name Description

Cleared by software by writing to the RMRSTF bit.
0: No software reset occurred
1: Software reset occurred

27 PORRSTF Power-on/power-down reset flag

Set by hardware when a power-on/power-down reset occurs
Cleared by software by writing to the RMRSTF bit.

0: No power on/power off reset occurred

1: Power-on/power-off reset occurred

26 PINRSTF External pin reset flag

Set by hardware when a reset from the NRST pin occurs.
Cleared by software by writing to the RMRSTF bit.

0: No NRST pin reset occurred

1: NRST pin reset occurred

25 MMURSTF MMU reset flag

Set by hardware when MMU reset occurs.

Cleared by software by writing to the RMRSTF bit.
0: No MMU reset occurred

1: MMU reset occurred

24 RMRSTF Clear the reset flag

Set by the software to clear the reset flag.
0: No effect

1: Clear the reset flag

23 RAMRSTF RAM reset flag.

Set by hardware when a RAM reset occurs and cleared by software by writing to
the RMRSTF bit.

0: No RAM reset occurred

1: ARAM reset has occurred

22 Reserved Reserved, the reset value must be maintained.

21 BKPEMCF Backup domain EMC reset flag.

Set by hardware when a backup domain EMC reset occurs, and cleared by software
writing the RMRSTF bit.

0: No backup domain EMC reset occurred

1: A backup domain EMC reset has occurred

20 RETEMCF Retention domain EMC reset flag.

Set by hardware when a Retention domain EMC reset occurs, and cleared by
software writing the RMRSTF bit.

0: No Retention domain EMC reset occurred

1: A Retention domain EMC reset has occurred

19 BORRSTF MSI frequency range selection.
Actotal of 7 frequencies are available for software selection
000: 100kHz
001: 200kHz
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Bit Field

Name

Description

010: 400kHz

011: 800kHz

100: 1IMHz

101: 2MHz

110: 4MHz (default)

18:2

Reserved

Reserved, the reset value must be maintained.

LSIRD

Internal low-speed oscillator ready

Set and cleared by hardware to indicate if the internal RC 40 KHz oscillator is
ready. After LSIEN is cleared, LSIRD goes low after 3 internal RC 40 KHz

oscillator clock cycles.
0: Internal 40KHz RC oscillator clock not ready
1: Internal 40KHz RC oscillator clock ready

LSIEN

Internal low-speed oscillator enable

Set and cleared by software.

0: Disable the internal RC 40 kHz oscillator
1: Enable the internal RC 40 kHz oscillator

6.3.12 AHB Peripheral Reset Register (RCC_AHBPRST)

Address offset: 0x28

Reset value: 0x0000 0000

17

16

Reserved
1 1 1 1 1 1 1 1

QSPIRST

ETHMAC
RST

9 8

IADC4RST|ADC3RST]

IADC2RST

IADCIRST

SACRST

Reserved RNGCRST] Reserved

™

™w

™

™

™

™w

Bit Field

Name

Description

31:18

Reserved

Reserved, the reset value must be maintained.

17

QSPIRST

QSPI reset

Set and cleared by software.
0: Clear the reset

1: Reset QSPI

16

ETHMACRST

ETHMAC reset

Set and cleared by software.
0: Clear the reset

1: Reset ETHMAC

15

ADC4RST

ADCA4 reset

Set and cleared by software.
0: Clear the reset

1: Reset ADC4

130/838 Nations Technologies Inc.
Tel: +86-755-86309900

Email : info@nationstech.com
Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:« www.nationstech.com

Bit Field Name Description
14 ADC3RST ADC3 reset

Set and cleared by software.

0: Clear the reset
1: Reset ADC3
13 ADC2RST ADC2 reset

Set and cleared by software.

0: Clear the reset
1: Reset ADC2
12 ADCI1RST ADCI1 reset

Set and cleared by software.
0: Clear the reset

1: Reset ADC1

11 SACRST SAC reset

Set and cleared by software.

0: Clear the reset

1: Reset SAC
10 Reserved Reserved, the reset value must be maintained.
9 RNGCRST RNGC reset

Set and cleared by software.
0: Clear the reset
1: Reset RNGC

8:0 Reserved Reserved, the reset value must be maintained.

6.3.13 Clock Configuration Register 2 (RCC_CFG2)

Address offset: 0x2c
Reset value: 0x0000 3800

31 30 29 28 24 23 16
T T T T T T T T T T T T
Reserved TI];[ECLLK RNGCPRES[4:0] Reserved
1 1 1 1 1 1 1 1 1 1 1 1
™w ™w
15 11 10 9 3 4 3 0
T T T T T T T T T T T
ADCIMPRES[4:0] A[S)&M Reserved ADCPLLPRES[4:0] ADCHPRES[3:0]
1 1 1 1 1 1 1 1 1 1 1
™w ™w ™w ™w
Bit Field Name Description
31:30 Reserved Reserved, the reset value must be maintained.
29 TIMCLKSEL TIM1/8 clock source selection

Set and cleared by software.

0: PCLK?2 is selected as TIM1/8 clock source if APB2 prescaler is 1. Otherwise,
PCLK2 <2 is selected.

1: SYSCLK input clock is selected as TIM1/8 clock source.

28:24 RNGCPRESJ[4:0] RNGC prescaler.
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Bit Field Name Description

Software sets or clears these bits to configure the prescale factor for the RNGC
clock.

00000: SYSCLK is not divided

00001: SYSCLK divided by 2

00010: SYSCLK divided by 3

11110: SYSCLK divided by 31
11111: SYSCLK divided by 32

23:16 Reserved Reserved, the reset value must be maintained.

15:11 ADCI1MPRES[4:0] ADC 1M clock prescaler

Set and cleared by software to configure the division factor of ADC 1M clock
source.

00000: ADC 1M clock source not divided

00001: ADC 1M clock source divided by 2

00010: ADC 1M clock source divided by 3

11110: ADC 1M clock source divided by 31
11111: ADC 1M clock source divided by 32
Note: ADC clock must be configured to 1M

10 ADC1MSEL ADC 1M clock source selection.

Set or cleared by software.

0: Select HSI oscillator clock as the input clock of ADC 1M
1: Select HSE oscillator clock as the input clock of ADC 1M

9 Reserved Reserved, the reset value must be maintained.

8:4 ADCPLLPRES[4:0] ADC PLL prescaler
Set and cleared by software to configure the division factor from the PLL clock to
the ADC.

Oxxxx: ADC PLL clock is disabled
10000: PLL clock not divided
10001: PLL clock divided by 2
10010: PLL clock divided by 4
10011: PLL clock divided by 6
10100: PLL clock divided by 8
10101: PLL clock divided by 10
10110: PLL clock divided by 12
10111: PLL clock divided by 16
11000: PLL clock divided by 32
11001: PLL clock divided by 64
11010: PLL clock divided by 128
11011: PLL clock divided by 256
Others: PLL clock divided by 256
3.0 ADCHPRES[3:0] ADC HCLK prescaler
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Bit Field

Name

Description

Set and cleared by software to configure
to the ADC.

0000: HCLK clock not divided
0001: HCLK clock divided by 2
0010: HCLK clock divided by 4
0011: HCLK clock divided by 6
0100: HCLK clock divided by 8
0101: HCLK clock divided by 10
0110: HCLK clock divided by 12
0111: HCLK clock divided by 16
1000: HCLK clock divided by 32
Others: HCLK clock divided by 32

the division factor from the HCLK clock

6.3.14 Clock Configuration Register 3 (RCC_CFG3)

Address offset: 0x30

Reset value: 0x0000 3800

31

19 18 17 16

Reserved
1 1 1 1 1

TRNGIM|TRNGIM

EN SEL Reserved

™ ™

TRNGIMPRES[4:0]

T T T
BORRST
Reserved EN

Reserved
. . . . .

™

™

Bit Field

Name

Description

31:19

Reserved

Reserved, the reset value must be maintained.

18

TRNG1MEN

TRNG analog interface clock enable.
Set or cleared by software.

0: Disable TRNG analog interface clock
1: Enable TRNG analog interface clock

17

TRNGIMSEL

TRNG 1M clock selection.
Set or cleared by software.

0: Select HSI oscillator as TRNG 1M input clock
1: Select HSE oscillator as TRNG 1M input clock

16

Reserved

Reserved, the reset value must be maintained.

15:11

TRNG1MPRES[4:0]

TRNG 1M clock prescaler.

Software sets or clears these bits to generate the TRNG 1M clock.

0000x: TRNG 1M clock source divided by 2
0001x: TRNG 1M clock source divided by 4
0010x: TRNG 1M clock source divided by 6
0011x: TRNG 1M clock source divided by 8

0100x: TRNG 1M clock source divided by 10
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Bit Field Name Description

1111x: TRNG 1M clock source divided by 32
10:7 Reserved Reserved, the reset value must be maintained.
6 BORRSTEN BOR reset enable

Set and cleared by software.

0: Disable BOR reset

1: Enable BOR reset
5:0 Reserved Reserved, the reset value must be maintained.
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7 GPIO and AFIO

7.1 Summary

GPIO is general purpose input/output, and AFIO is alternate function input/output. Up to 97 GPIO are supported on
the chip, which are divided into 7 groups (GPIOA/GPIOB/GPIOC/GPIOD/GPIOE/GPIOF/GPIOG ) with 16 ports
in each group (10 in group F and 7 in group G). GPIO port and other alternate peripherals share pins, which can be
configured by users according to requirements. Each GP10O pin can be independently configured as an output, input
or alternate peripheral function port. Except for the analog function pin, all other GP10 pins have the ability to pass
large current.

GPIO ports can be configured in the following modes by software:
m Input floating

m Input pull-up

m Input pull-down

m Analog function

m Open drain output

m Push-pull output

m Push-pull alternate function

m Open-drain alternate function

Each 1/O port bit can be programmed arbitrarily, but the 1/O port register must be accessed as a 32-bit word (16-bit
half word or 8-bit byte access is not allowed). The figure below shows the basic structure of an 1/0 port.
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Figure 7-1 Basic structure of 1/0 port
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7.2 1/O function description

7.2.1 1/0 mode configuration

I/0 mode control is set by configuration registers GPIOx_PL_CFG, GPIOx PH_CFG and output register
GPIOx_POD(x=A,B,C,D,E,F,G). The I/O configurations in different operation modes are shown in the following

table:

Table 7-1 1/0 mode and configuration relationship

Configuration mode PCFG1 PCFGO PMODE1 | PMODEO PODXx register
Universal Push-Pull 0 0 Oorl
output Open-Drain 1 01: 10MHz max Oorl

Alternate Push-Pull 0 10: 2MHz max Not use
function 1 1: 50MHz max
Open-Drain 1 Not use
output
Analog mode 0 0 Not use
Input floating 1 Not use
Input 00: reserved
Input pull-down . 0
Input pull-up 0 1

I/0 characteristics under different configurations are shown in the following table:
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Table 7-2 1/0 characteristics of different 1/0 configurations

Characteristic GPIO input GPIO output Analog mode Peripheral alternate

. . According to peripheral

Output buffer Disable Enable Disable ) ] )
function configuration

Disable . .

o | According to peripheral

Schmitt trigger Enable Enable The output value is . . .
function configuration

forced to 0.
. . . . According to peripheral
Pull up/Pull down/floating | Configurable Disable Disable

function configuration

Configurable, GPIO

Configurable, GPIO
outputs 0 when the data .
] . . ) ) outputs 0 when the data is
Open-drain mode Disable is "0" and high Disable o
. "0" and high impedance
impedance when he data

when he data is "1".

is "1"
Input data register (1/0 status) | Read-write Readable Read as 0. Readable

Output data register (write ) . )
Invalid Read-write Invalid Readable

value)

7.2.1.1 Input mode

When I/0O port is configured in input mode:

m The data that appears on the 1/O pin is sampled to the input data register on each APB2 clock.
m Read access to the input data register can get I/O status.

m Output buffer is disabled.

m Schmidt trigger input is activated.

m Weak pull-up and pull-down resistors are connected according to the input configuration (pull-up, pull-down or
floating).
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Figure 7-2 Input float/pull-up/pull-down configuration
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7.2.1.2 Output mode
When /0 port is configured as output mode:
B Schmidt trigger input is activated
B Weak pull-up and pull-down resistors are disabled.
B Qutput buffer is activated.
€ Open-drain mode: '0' on the output register activates N-MOS, and the pin outputs low level.

'l' port on the output register make the pin in a high impedance state (P-MOS
is never activated)

€ Push-pull mode:  '0' on the output register activates N-MOS, and the pin outputs low level.

'1' on the output register activates P-MOS, and the pin outputs high level.

B The data appearing on the I/O pin is sampled to the input data register at every APB2 clock cycle..
B Read access to the input data register can get 1/O status.

B The read access to the output data register gets the last written value.

138/838 Nations Technologies Inc.
Tel: +86-755-86309900
Email : info@nationstech.com
Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



thion v:« www.nationstech.com

Figure 7-3 Output mode configuration
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7.2.1.3 Alternate function mode

When 1/O ports are configured for alternate function mode:

B Schmidt trigger input is activated.

B Weak pull-up and pull-down resistors are disabled.

B In the open-drain or push-pull configuration, the output buffer is turned on.

B Signals of built-in peripherals drive the output buffer.

B The data appearing on the 1/O pin is sampled to the input data register at every APB2 clock cycle.
B /O status can be obtained by reading and accessing the input data register.

B The read access to the output data register gets the last written value.
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Figure 7-4 Alternate function configuration
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7.2.1.4 Analog mode

When the 1/O port is configured in analog mode:

B Weak pull-up and pull-down resistors are disabled.

B Read access to the input data register gets the value “0”.

B Qutput buffer is disabled.

B Schmidt trigger input is disabled and output value is forced to '0' (zero consumption on each analog | / O pin is

achieved)
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Figure 7-5 High impedance analog mode configuration
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7.2.2 Status after reset

During and just after the reset, the alternate functions are not active, and the I/O port is configured to be in analog
mode (PCFGy[1:0]=00b, PMODEy[1:0]=00Db) by default. But there are several exceptional signals:

B  BOOTO. NRST. OSC_IN. OSC_OUT has no GPIO function by default

*
*

BOOTO pin default configuration is input pull down

NRST pull up input and output

B After the reset, the default state of the pin associated with the debug system is to enable the SWD-JTAG, and
the JTAG pin is placed on the input pull-up or pull-down mode

]
]
]
]
\

B PDO
\
\

PA15: JTDI is placed in input pull-up mode

PA14: JTCK is placed in input pull-down mode

PA13: JTMS is placed in input pull-up mode

PB4: NJTRST is placed in input pull-up mode

PB3:JTDO is placed in the push-pull output without pull-down.

and PD1:

PDO0 and PD1 default to analog mode in 80 and above pin packages.

PDO0 and PD1 are multiplexed to OSC_IN/OUT for pin packages with less than 80 pins.
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B PC13. PC14. PC15:
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€ PC13~15 are the three 10s in the backup domain. After the backup domain is powered on for the first time,

these three 10s default to analog mode;.

H PB2/BOOT1:

¢ PB2/BOOT1 is in the pull-down input state by default;

€4 BOOTO default configuration is input pull-down. Refer to the following Table (If the BOOT pins are not

connected, the main flash storage area is selected by default).

Start mode select pin .
Start mode Description
BOOT1 BOOTO
X 0 Main flash memory | The main flash memory serves as
the boot area.
0 1 System memory System memory as boot area
1 1 Built in SRAM Built-in SRAM as startup area

7.2.3 Individual bit setting and bit clearing

By writing '1' to the bit to be changed in the set register (GPIOx_PBSC) and reset register (GPIOx_PBC), the
individual bit operation of the data register (GP10x_POD) can be realized, and one or more bits can be set/reset. The
bit written with '1" is set or cleared accordingly, and the bit not written with '1' will not be changed. The software does
not need to disable interrupts, and is completed in a single APB2 write operation.

7.2.4 External interrupt/wake-up line

All ports have external interrupt capability, which can be configured in EXTI module:

B The port must be configured in input mode.

B All ports can be configured for wake-up in SLEEP/STOP0/STOP2 mode, and the rising or falling edge can be

configured.

B PAO can be used to wake up in STANDBY mode.

B The general purpose I/O port (as shown in External interrupt GPIO mapping) is connected to 16 external
interrupt/event lines and is configured by register AFIO_EXTI_CFGx.

7.2.5 Alternate function

When 1/O ports are configured for alternate function mode, the port bit configuration register (GPIOx_PL_CFG/
GPIOx_PH_CFG) must be programmed before use, as follows:

B [nput alternate function: The port must be configured in input mode (floating, pull-up or pull-down) and the
input pin must be externally driven.

B Output alternate function: The port must be configured to alternate output mode (push-pull or open-drain).

B Bidirectional alternate function: The port bit must be configured with the alternate function output mode (push-
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pull or open-drain). At this time, the input driver is configured to input floating mode.

In the output alternate function mode, the pin is disconnected from the output data register and connected with the
output signal of the on-chip peripheral. If the software configures a GPIO pin as output alternate function, but the
peripheral is not activated, then its output will be uncertain.

7.2.5.1 Clock output MCO

The microcontroller allows the clock signal to be output to the external MCO pin (PA8). PA8 must be configured to
push-pull alternate output function mode. The following four clock signals can be selected as MCO clocks, and the
selection of the clock is controlled by RCC_CFG.MCO[2:0] bits:

B SYSCLK divided clock
m HSI

B HSE

B PLL divided clock

7.2.5.2 Software remapping 1/O alternate function

In order to expand the flexibility of alternate peripheral functions under different device packages, some peripheral
alternate functions can be remapped to other pins. You can configure the corresponding register (AFIO_RMP_CFG,
AFIO_RMP_CFGx) by software. At this time, the alternate function is disconnected from its original pin and
remapped to the new pin.

7.2.5.3 Functional remapping of backup domain pins PC13~PC15
7.2.5.3.1 Functional description of backup power domain pins PC13~PC15
PC13~PC15 pins are located in the backup domain and can be used in GP1O mode or alternate function mode:

B When the backup domain is powered by VDD (internal analog switch connected to VDD), the following
functions are available:

€ PC14 and PC15 can be used for GPIO or LSE pins.

€ PC13can be used as a general-purpose 1/0O port, TAMPER pin, RTC calibration clock, RTC alarm clock or
second output (see backup register 5.4 chapter)

Note: Because the analog switch can only pass low current (3mA), the functions of 1/0 ports of PC13, PC14, PC15
in the output mode are limited: the speed must be limited below 2MHz, the maximum load is 30pF, and these 1/0
ports must not be used as current sources (such as driving LEDs).

B When the backup domain is powered by VBAT (the analog switch is connected to VBAT after VDD is off), the
following functions can be used:

€ PC14 and PC15 can only be used for LSE pins.

€ PC13 can be used as a TAMPER pin, RTC alarm clock or second output (see 14.2.8), and output RTC
calibration clock, RTC alarm clock pulse or second pulse on PC13 pin (when this pin is not used for
intrusion detection). For the convenience of measurement, the RTC clock can be divided by 64 and output
to the intrusion detection pin TAMPER. Turn on this function by setting the RTC_CTRL.COEN bit.
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7.2.5.3.2 PC13~PC15 function mapping

According to the previous description, the configuration conditions of different modes of PC13~PC15 are sorted out

as follows:

PC14 and PC15 condition PAD mode
configuration
GPIO mode LSE is off, the backup domain is powered by [The mode of GPIO
VDD, and it can only be used in GPIO mode | depends on the
when the 1.1V power supply is turned off application.
without entering the low power
mode(Standby, Stop2)
LSE mode The LSE priority is high, and the LSE mode Analog mode
will be entered if the above conditions are not
met.
PC13 condition PAD mode
configuration
GPIO mode The backup domain is powered by VDD, and [The mode of GP1O
can only be used in GP1O mode when the depends on the
1.1V power supply is turned off without application.
entering the the low power mode(Standby,
Stop2)
TAMPER pin You can configure this input at any time. Input floating

RTC calibration
clock, RTC alarm
clock pulse or

second pulse

When this pin is not used for intrusion
detection, it can be used to output RTC
calibration clock, RTC alarm clock pulse or
second pulse, so the priority is lower than the
TAMPER function.

Alternate push-pull
output

From the above, the power domain division managed by the three pins PC13~PC15:

www.nationstech.com

mGPIOx_PH_CFG/GPIOx_PID/GPIOx_POD/GPIOx_PBSC/GPIOx_PBC/GPIOx_PLOCK_CFG and other GPIO
related configuration registers are in the Core power domain;

m The Mux logic of these three pins are in VBAT domain, and the default mode is GPIO input floating mode; PC14
and PC15 decide which mode and Mux they are in according to LSEEN, backup domain power supply control signal,
chip mode signal, GPIOC_PH_CFG, TAMPER and clock output control.

Note: The control signal of whether the backup domain is powered by VDD or VBAT is automatically switched by
PWR module, which should be obtained by POR signal of VDD domain.

7.2.5.4 Use the OSC_IN/OSC_OUT pin as the GPIO port PD0/PD1

If the external high-speed oscillator is not turned on in the application, the pin OSC_IN/OSC_OUT can be used as
PDO/PD1 of GPIO, which is realized by setting the alternate remapping and debugging I/O configuration register

(AFIO_RMP_CFQG), as described below:
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Bit 15 PD01_RMP: PDO/ PD1 is mapped to OSC_ in/OSC_out (PD0/PD1 mapping on OSC_IN/OSC_OUT)
This bit can be set to '1' or '0' by software. It controls the GPIO function image of PDO and PD1. PDO and
PD1 can be mapped to the OSC_IN and OSC_OUT pins when the main oscillator HSE is not used (the

system runs on the internal 8MHz RC oscillator).

0: Do not remap PDO and PD1;

1:PDO is mapped to OSC _in, and pd1 is mapped to OSC_OUT.

This function can only be applied to 48-pin and 64-pin packages (there are PD0 and PD1 on 80-pin, 100-

pin and 128-pin packages, and there is no need to remap them).

Note: The external interrupt/event function has not been remapped. On 48-pin and 64-pin packages, PD0 and PD1
cannot be used to generate external interrupts/events. That is, for LQFP48/64 package, there are only two pins
OSC_IN and OSC_OUT (without PDO and PD1), which can be mapped to PD0O and PD1 when external crystal
oscillator is not used. For 80-pin and above packages, PD0 and PD1 pins are available, and OSC_IN and OSC_OUT
are available, so there is no need to remap PD0/ PD1 to OSC_IN/OSC_OUT.

7.2.5.5 JTAG/SWD alternate function remapping

The SWD-JTAG debug interface is enabled by default when the chip is powered on, and the debug interface is
mapped to the GPIO port, as shown in the following Table.

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

JTDI PA15
JTDO PB3
NJTRST PB4

If you need to use its GP10 function during debugging, you can set the AFIO_RMP_CFG.SW_JTAG_CFG[2:0] bits
can change the above remapping configuration. See the Table below.

Table 7-3 Debug port image

SWIJ 1/0 pin allocation
SW_JTAG
5 - Possible debug ports for PA13/ PA14/ |PA15/JTDI PB3/ PB4/
CFG[2:0
[2:0] JTMS/ JTCK/ JTDO NJTRST
SWDIO SWCLK
000 Complete SWJ(JTAG-DP+SW-DP) I/Oisnot | I/Oisnot | 1/Ois not 1/0 is not 1/0 is not
(reset state) available available | available available available
Complete SWJ(JTAG-DP+SW-DP) I/Oisnot | I/Oisnot | 1/Ois not 1/0 is not .
001 ) ) . ) ) 1/0 available
But there is no NJTRST. available available | available available
I/0isnot | I/Oisnot 1/0 . .
010 Turn off JTAG-DP and enable SW-DP. . . . 1/0 available |(I/O available
available available | available
) . 110 . .
100 Turn off JTAG-DP and SW-DP. 1/0 available|1/O available ) 1/0 available |I/O available
available
other Forbidden
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7.2.5.5.1 SWJ_CFG configuration items

When the write buffer of APB bridge is full, one more APB cycle is needed when writing AFIO_RMP_CFG register.
This is because the release of SWD_JTAG pin takes two APB cycles to ensure that the input signals of NJTRST and
JTCK are clean.

The first cycle: the signal input to the kernel by SWD_JTAG with 1/0 input is connected to 0 or 1(NJTRST /TDI/TMS
is connected to 1,JTCK is connected to 0);

Second cycle: IOM controls the control signals of SWD_JTAG pin (such as direction, pull-down, schmidt input, etc.).
7.2.5.5.2 Pull-down configuration

Since the pins of JTAG are directly connected to the internal debug register (JTCK/SWCLK is directly connected to
the clock terminal), it is necessary to ensure that the input pins of JTAG cannot be floating. In order to avoid any
uncontrollable I1/O level, JTAG's input pin is fixed with internal pull-down and pull-up:

B NJTRST: internal pull-up

B JTDI: Internal pull-up

B JTMS/SWDIO: Internal pull-up

B JTCK/SWCLK: Internal pull-down

7.2.5.6 ADC external trigger alternate function remapping

The external trigger source of injection conversion and regular conversion of ADC supports remapping. See alternate
remapping and debug I/O configuration register (AFIO_RMP_CFG).

Table 7-4 ADC1 external trigger injection conversion alternate function remapping

Alternate function ADC1 ETRI=0 ADC1 ETRI=1

ADC1 external trigger ADC1 external trigger injection conversion is

connected to EXTI15.

ADC1 external trigger injection conversion
is connected to TIM8 CH4

injection conversion

Table 7-5 ADC1 external trigger regular conversion alternate function remapping

Alternate function ADC1_ETRR=0 ADC1_ETRR =1

ADC1 external trigger |ADC1 external trigger regular conversion is connected
to EXTI11.

ADC1 external trigger regular conversion is
connected to TIM8_TRGO

rule conversion

Table 7-6 ADC2 external trigger injection conversion alternate function remapping

Alternate function

ADC2_ETRI=0

ADC2_ETRI=1

ADC2 external trigger

injection conversion

ADC?2 external trigger injection conversion is
connected to EXTI15.

ADC?2 external trigger injection conversion is
connected to TIM8_CH4

Table 7-7 ADC2 external trigger regular conversion alternate function remapping

Alternate function

ADC2_ETRR =0

ADC2_ETRR =1

ADC2 external trigger

rule conversion

IADC?2 external trigger regular conversion is connected
to EXTI11.

ADC2 external trigger regular conversion is
connected to TIM8_TRGO
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Table 7-8 ADC3 external trigger injection conversion alternate function remapping

Alternate function

ADC3_ETRI =0

ADC3_ETRI=1

ADC3 external trigger

injection conversion

ADC3 external trigger injection conversion is
connected to EXTI14.

ADC3 external trigger injection conversion is
connected to TIM5_CH4

Table 7-9 ADC3 external trigger regular conversion alternate function remapping

Alternate function

ADC3_ETRR =0

ADC3_ETRR =1

ADC3 external trigger

rule conversion

IADC3 external trigger regular conversion is connected
to EXTI10.

ADC3 external trigger regular conversion is
connected to TIM5_CH3

Table 7-10 ADC4 external trigger injection conversion alternate function remapping

Alternate function

ADC4_ETRI=0

ADC4_ETRI=1

ADC4 external trigger

injection conversion

ADC4 external trigger injection conversion is
connected to EXTI14.

ADCA4 external trigger injection conversion is
connected to TIM5_CH4

Table 7-11 ADC4 external trigger regular conversion alternate function remapping

Alternate function

ADC4_ETRR=0

ADC4_ETRR=1

ADC4 external trigger

rule conversion

IADC4 external trigger regular conversion is connected
to EXTI10.

ADC4 external trigger regular conversion is
connected to TIM5_CH3

7.2.5.7 TIMXx alternate function remapping

Table 7-12 TIM5 alternate function remapping

Alternate function

TIM5CH4_RMP =0

TIM5CH4_RMP =1

TIM5_CH4

TIM5_CHA4 is connected to PA3

The LSI internal oscillator is connected to TIM5_CHA4 to calibrate

the LSI

Table 7-13 TIM4 alternate function remapping

Alternate function TIM4_RMP =0 TIM4_RMP =1
TIM4_CH1 PB6 PD12
TIM4_CH2 PB7 PD13
TIM4_CH3 PB8 PD14
TIM4_CHA4 PB9 PD15

Table 7-14 TIM3 alternate function remapping

Alternate function TIM3_RMPJ[1:0] = 00 TIM3_RMP[1:0] = 10 TIM3_RMP[1:0] = 11
(No remapping) (partial remapping) (Full remapping)
TIM3_CH1 PA6 PB4 PC6
TIM3_CH2 PA7 PB5 pPC7
TIM3_CH3 PBO PC8
TIM3_CH4 PB1 PC9
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Table 7-15 TIM2 alternate function remapping
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Alternate function

TIM2_RMP[1:0] = 00
(No remapping)

TIM2_RMP[1:0] = 01
(Partial remapping)

TIM2_RMP[1:0] = 10
(Partial remapping)

TIM2_RMP[1:0] = 11
(Full remapping)

TIM2_CH1 PAO PA15 PAO PA15
TIM2_CH2 PAl PB3 PAl PB3
TIM2_CH3 PA2 PB10
TIM2_CH4 PA3 PB11

Table 7-16 TIM1 alternate function remapping

Alternate function| TIM1_RMP[1:0] =00 | TIM1_RMP[1:0]=01 | TIM1_RMP[1:0]=10 | TIM1_RMP[1:0] =11
(No remapping) (Partial remapping) (Partial remapping) (Full remapping)
TIM1_ETR PA12 PA12 PE7
TIM1_CH1 PA8 PA8 PE9
TIM1_CH2 PA9 PA9 PE11
TIM1_CH3 PA10 PA10 PE13
TIM1_CH4 PA1l PA1l PE14
TEAM1_BKIN PB12 PA6 PB5 PE15
TIM1_CHIN PB13 PA7 PB13 PES8
TIM1_CH2N PB14 PBO PB14 PE10
TIM1_CH3N PB15 PB1 PB15 PE12

Table 7-17 TIM8 alternate function remapping

Alternate function TIM8_RMP[1:0] = 00 TIM8_RMP[1:0] = 01 TIM8_RMP[1:0] = 11
(No remapping) (Partial remapping) (Full remapping)
TIM8_ETR PAO PB4 PB4
TIM8_CH1 PC6 PC6 PD14
TIM8_CH2 pPC7 PC7 PD15
TIM8_CH3 PC8 PC8 PC8
TIM8_CH4 PC9 PC9 PC9
TEAM8_BKIN PAG PB3 PB3
TIM8_CHIN PA7 PA15 PA15
TIM8_CH2N PBO PC12 PC12
TIM8_CH3N PB1 PD2 PD2

7.2.5.8 CAN alternate function remapping

7.2.5.8.1 CANL1 alternate function remapping

The CANL signal can be mapped to port A, port B or port D, as shown in the following Table. For port D, there is no

remapping function on 48-pin and 64-pin packages (there are no PD0 and PD1 on these packages).

Table 7-18 CANL alternate function remapping

Alternate function

CAN1_RMP[1:0] = 00

CAN1_RMP[1:0] = 01

CAN1_RMP[1:0] = 10

CAN1_RMP[1:0] = 11

CAN1_RX

PA1l

PD8

PB8

PDO
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| cAnLTX | PAL2 | PD9 | PB9 PD1

7.2.5.8.2 CANZ2 alternate function remapping
CANZ2 signal can be mapped to port B or port D, as shown in the following Table.

Table 7-19 CAN2 alternate function remapping

Alternate function

CAN2_RMP[1:0] = 00

CAN2_RMP[1:0] = 01

CAN2_RMP[1:0] = 11

CAN2_RX

PB12

PB5

PD10

CAN2_TX

PB13

PB6

PD11

7.2.5.9 DVP alternate function remapping

The mapping relationship of DVP signals is shown in the following Table.

Table 7-20 DVP alternate function remapping

Alternate function| DVP_RMP[1:0] = 00 DVP_RMP[1:0] =01 DVP_RMP[1:0] =11
DVP_HSYNC PAl PE2 PE2
DVP_VSYNC PA2 PE3 PE3

DVP_PCLK PA3 PE4 PE4
DVP_DO PA4 PES PES
DVP_D1 PA5 PE6 PE6
DVP_D2 PA6 PCO PCO
DVP_D3 PA7 PB2 PB2
DVP_D4 PC4 PF12 PB10
DVP_D5 PC5 PF13 PB11
DVP_D6 PBO PF14 PF14
DVP_D7 PB1 PF15 PF15

7.2.5.10 USARTX alternate function remapping
7.2.5.10.1 USART1 pin remapping

USART1/2/3

interfaces have

(AFIO_RMP_CFG).

remapping function.

See the alternate

Table 7-21 USART1 alternate function remapping

Alternate function USART1_RMP =0 USART1_ RMP =1
USART1_CTS PA11
USART1_RTS PA12
USARTL_TX PA9 PB6
USART1_RX PA10 PB7
USART1_CK PA8
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7.2.5.10.2 USART?2 pin remapping

Table 7-22 USART?2 alternate function remapping

www.nationstech.com

Alternate function | USART2_RMP[1:0] =00 | USART2_RMP[1:0] =01 | USART2_RMP[1:0] =10 | USART2_RMP [1:0] =11
USART2_CTS PAO PD3 PC6 PA15
USART2_RTS PAL PD4 PC7 PB3

USART2_TX PA2 PD5 PC8 PB4
USART2_RX PA3 PD6 PC9 PB5
USART2_CK PA4 PD7 / PA4

7.2.5.10.3 USART3 pin remapping

Table 7-23 USART3 alternate function remapping

Alternate function | USART3_RMP[1:0] =00 | USART3_RMP[1:0] =01 | USART3 RMP[1:0] = 11
USART3_TX PB10 PC10 PD8
USART3_RX PB11 PC11 PD9
USART3_CK PB12 PC12 PD10
USART3_CTS PB13 PD11
USART3_RTS PB14 PD12

7.2.5.11 UARTX alternate function remapping

UARTA4/5/6/7 interfaces have remapping function. See the alternate remapping configuration register
(AFIO_RMP_CFG3).

7.2.5.11.1 UART4 pin remapping

Table 7-24 UART4 alternate function remapping

Alternate function

UART4_RMP[1:0] = 00

UART4_RMP[1:0] = 01

UART4_RMP[1:0] = 10

UART4_RMP [1:0] =11

UART4_TX

PC10

PB2

PA13

PDO

UART4_RX

PC11

PE7

PA14

PD1

7.2.5.11.2 UARTD5 pin remapping

Table 7-25 UARTS alternate function remapping

Alternate function

UART5_RMP[1:0] = 00

UART5_RMP[1:0] = 01

UART5_RMP[1:0] = 10

UART5_RMP [1:0] =11

UART5_TX

PC12

PB13

PES8

PB8

UARTS_RX

PD2

PB14

PE9

PB9

7.2.5.11.3 UARTG6 pin remapping

Table 7-26 UARTG alternate function remapping

Alternate function

UART6_RMP[1:0] = 00

UART6_RMP[1:0] = 10

UART6_RMP[1:0] = 11

UART6_TX

PE2

PCO

PBO

UART6_RX

PE3

PC1

PB1
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7.2.5.11.4 UART7 pin remapping

Table 7-27 UART?7 alternate function remapping

Alternate function

UART7_RMP[1:0] = 00

UART7_RMP[1:0] = 01

UART7_RMP[1:0] = 11

UART7_TX

PC4

PC2

PGO

UART7_RX

PC5

PC3

PG1

7.2.5.12 12C alternate function remapping

7.2.5.12.1 12C1 pin remapping
See alternate remapping configuration register (AFIO_RMP_CFG).

Table 7-28 12C1 pin remapping

Alternate function 12C1_RMP=0 12C1_RMP=1
12C1_SCL PB6 PB8
12C1_SDA PB7 PB9

12C1_SMBA PB5

7.2.5.12.2 12C2 pin remapping
See alternate remapping configuration register (AFIO_RMP_CFG3).

Table 7-29 12C2 pin remapping

Alternate function 12C2_RMP[1:0] = 00 12C2_RMP[1:0] =01 12C2_RMP[1:0] =11
12C2_SCL PB10 PG2 PA4
12C2_SDA PB11 PG3 PA5

12C2_SMBA PB12

7.2.5.12.3 12C3 pin remapping
See alternate remapping configuration register (AFIO_RMP_CFG3).

Table 7-30 12C3 pin remapping

Alternate function

12C3_RMP[1:0] = 00

12C3_RMP[1:0] = 10

12C3_RMP[1:0] = 11

12C3_SCL

PCO

PF4

PC4

12C3_SDA

PC1

PF5

PC5

7.2.5.12.4 12C4 pin remapping
See alternate remapping configuration register (AFIO_RMP_CFG3).

Table 7-31 12C4 pin remapping

Alternate function

12C4_RMP[1:0] = 00

12C4_RMP[1:0] = 01

12C4_RMP[1:0] = 11

12C4_SCL

PC6

PD14

PA9

12C4_SDA

PC7

PD15

PA10

151/838

Nations Technologies Inc.
Tel: +86-755-86309900
Email : info@nationstech.com

Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China




Nation $

7.2.5.13 SPI1/12S alternate function remapping

7.2.5.13.1 SPI1 pin remapping

See alternate remapping configuration register (AFIO_RMP_CFG).

Table 7-32 SPI1 pin remapping

www.nationstech.com

Alternate function SPI1_RMP[1:0] = 00 SPI1_RMP[1:0] = 01 SPI1_RMP[1:0] = 10 SPI1_RMP [1:0] =11
SPI1_NSS PA4 PAL5 PB2 PB2
SPI1_SCK PA5 PB3 PAS5 PE7

SPI1_MISO PA6 PB4 PA6 PE8
SPI1_MOSI PA7 PB5 PAT7 PE9

7.2.5.13.2 SP12/12S2 pin remapping

See alternate remapping configuration register (AFIO_RMP_CFG3).

Table 7-33 SPI2/12S2 pin remapping

Alternate function SP12_RMP[1:0] = 00 SP12_RMP[1:0] = 01 SP12_RMP[1:0] = 11
SPI12_NSS/I2S2_WS PB12 PC6 PE10
SPI12_SCK/I2S2_CK PB13 PC7 PE11

SPI2_MISO PB14 PC8 PE12
SPI2_MOSI/1252_SD PB15 PC9 PE13

7.2.5.13.3 SP13/12S3 pin remapping

See alternate remapping configuration register (AFIO_RMP_CFG3).

Table 7-34 SP13/12S3 pin remapping

Alternate function SPI3_RMP[1:0] = 00 SPI3_RMP[1:0] = 01 SPI3_RMP[1:0] = 10 SPI3_RMP[1:0] = 11
SPI3_NSS/I12S3_WS PA15 PD2 PD8 PC2
SPI3_SCK/I2S3_CK PB3 PC10 PD9 PC3

SPI3_MISO PB4 PC11 PD11 PAQ
SPI3_MOSI/I2S3_SD PB5 PC12 PD12 PAL
7.2.5.14 SDIO alternate function remapping

See alternate remapping configuration register (AFIO_RMP_CFG3).

Table 7-35 SDIO pin remapping

Alternate function SDIO_RMP =0 SDIO_RMP =1
SDIO 0 PC8 PE8
SDIO_1 PC9 PE9
SDIO_2 PC10 PE10
SDIO_3 PC11 PE11
SDIO_4 PB8
SDIO_5 PB9
SDIO_6 PC6
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Alternate function SDIO_RMP =0 SDIO_RMP =1
SDIO_7 PC7
SDIO_CK PC12 PE12
SDIO_CMD PD2 PE13

7.2.5.15 QSPI alternate function remapping

QSPI only supports master mode, and does not support multi-master mode. In single-line mode, QSPI_IO1 acts as
MISO, supports push-pull alternate output, input floating or input pull-up. See alternate remapping configuration
register (AFIO_RMP_CFG3).

Table 7-36 QSPI pin remapping

Alternate function QSPI_RMP[1:0] = 00 QSPI_RMP[1:0] = 01 QSPI_RMP[1:0] = 11
QSPI_NSS PA4 PFO PC10
QSPI_CLK PAS PF1 PC11
QSPI_I00 PA6 PF2 PC12
QSPI_IO1 PA7 PF3 PDO
QSPI_102 PC4 PF4 PD1
QSPI_103 PC5 PF5 PD2

7.2.5.16 ETH alternate function remapping
See alternate remapping configuration register (AFIO_RMP_CFG).

Table 7-37 ETH pin remapping

Alternate function ETH_RMP[1:0] = 00 ‘ ETH_RMP[1:0] = 01 ‘ ETH_RMP[1:0] = 10 | ETH_RMP[1:0] = 11
ETH_MII_MDC
ETH_RMII_MDC
ETH_MII_TX2 PC2
ETH_MII_TX_CLK PC3
ETH_MII_CRS_WKUP PAO
ETH_MII_RX_CLK
ETH_MII_REF_CLK
ETH_MII_MDIO
ETH_RMII_MDIO
ETH_MII_COL PA3
ETH_MII_RX_DV
ETH_RMII_CRS_DV
ETH_MII_RXDO
ETH_RMII_RXDO
ETH_MII_RXD1
ETH_RMII_RXD1
ETH_MII_RXD2
ETH_RMII_RXD2
ETH_MII_RXD3 PB1 PD12 PB1 PB1

PC1

PAl

PA2

PA7 PD8 PA7 PD8

PC4 PD9 PC4 PD9

PC5 PD10 PC5 PD10

PBO PD11 PBO PBO
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Alternate function ETH_RMP[1:0] = 00 | ETH_RMP[1:0] =01 | ETH_RMP[1:0] = 10 | ETH_RMP[1:0] = 11
ETH_RMII_RXD3
ETH MII RX ER PB10

Ethernet

PB11
Ethernet

ETH_MII_TXDO
ETH_RMII_TXDO
ETH_MII_TXD1
ETH_RMII_TXD1
ETH_MII_PPS_OUT
ETH_RMII_PPS_OUT

ETH_MII_TXD3 PBS PB7

PB12

PB13

PB5 PB6

7.2.6 1/0 configuration of peripherals

Table 7-38 ADC/DAC

ADC/DAC pin | GPIO configuration

ADC Analog mode

DAC Analog mode

Table 7-39 TIM1/TIM8

TIM1/TIM8 pin Configuration PAD configuration
mode
Input capture Input floating
TIM1/8_CHx channel X

Output channel x | Push-pull alternate
output

TIM1/8_CHxN Complementary | Push-pull alternate

output channel x output
TIM1/8_BKIN Brake input Input floating
TIM1/8_ETR External trigger Input floating
clock input

Table 7-40 TIM2/3/4/5

TIM2/3/4/5 pin Configuration PAD configuration
mode
Input capture Input floating
channel x

TIM2/3/4/5_CHx
Output channel x | Push-pull alternate

output
TIM2/3/4/5_ETR External trigger Input floating
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‘ clock input

Table 7-41 bxCAN

bxCAN pin GPIO configuration
CAN_TX Push-pull alternate output
CAN_RX Input floating or input pull-
up
Table 7-42 DVP
DVP pin GPI10 configuration
DVP_HSYNC Input floating
DVP_VSYNC Input floating
DVP_PCLK Input floating
DVP_DO Input floating
DVP_D1 Input floating
DVP_D2 Input floating
DVP_D3 Input floating
DVP_D4 Input floating
DVP_D5 Input floating
DVP_D6 Input floating
DVP_D7 Input floating

Table 7-43 USART

USART pin Configuration GPIO configuration
full duplex Push-pull alternate output
transmissions
USARTX_TX
Half duplex Push-pull alternate output
synchronous mode
full duplex Input floating or input pull-
transmissions up
USARTx_RX
Half duplex Unused, can be used as
synchronous mode general 1/0.

USARTx_CK Synchronous mode | Push-pull alternate output

USARTXx_RTS Hardware flow Push-pull alternate output
control
USARTx_CTS Hardware flow | Input floating or input pull-
control up
Table 7-44 12C
12C pin Description GPIO configuration
12Cx_SCL 12C clock Open-drain alternate
output
12Cx_SDA 12C data Open-drain alternate
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12C pin Description GPIO configuration
output
12Cx_SMBA SMBA data Push-pull alternate
output
Table 7-45 SPI
SPI pin Description GPIO configuration
SPIx_SCK Master mode Push-pull alternate output
Slave mode Input floating
Full duplex mode/ Master mode Push-pull alternate output
Full duplex mode/slave mode | Floating input or input pull-up or push-pull
alternate output
SPIx_MOSI Simple bidirectional data line/ Push-pull alternate output
Master mode
Simple bidirectional data Unused, can be used as general 1/0.
line/slave mode
Full duplex mode/ Master mode | Floating input or input pull-up or push-pull
alternate output
Full duplex mode/slave mode Push-pull alternate output
SPIx_MISO Simple bidirectional data line/ Unused, can be used as general 1/0.
Master mode
Simple bidirectional data Push-pull alternate output
line/slave mode
Hardware master/slave mode | Input floating or pull-up input or input pull-
down
SPIx NSS Hardware mode /NSS output | Push-pull alternate output (NSS can choose
- enable idle high resistance or idle is 1 when it is the
master)
Software mode Unused, can be used as general 1/0.
Table 7-46 125
12S pin Configuration GPIO configuration
125% WS Master mode Push-pull alternate output
Slave mode Floating input
125x_CK Master mode Push-pull alternate output
Slave mode Input floating
transmitter Push-pull alternate output
12Sx_SD receiver Input floating or pull-up input or input
pull-down
125x MCK Master mode Push-pull alternate output
Slave mode Unused, can be used as general 1/0.
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Table 7-47 SDIO

SDIO pin GPIO configuration

SDIO_CK Push-pull alternate
output

SDIO_CMD Push-pull alternate
output

SDIO[D7:D0] Push-pull alternate
output

Table 7-48 QSPI

QSPI pin GPIO configuration remarks
QSPI_IO3 Push-pull alternate | QSPI only supports
output master mode, and
QSPI_I02 Push-pull alternate | does not support
output multi-master mode.
QSPI_IO1 Push-pull alternate
output
QSPIL_IO0 Push-pull alternate
output
QSPI_CLK Push-pull alternate
output
QSPI_NSS Push-pull alternate
output
Table 7-49 ETH
MAC signal Pin configuration
ETH_MDC Push-pull alternate output, high
speed (50MHz)
ETH_MII_TXD2 Push-pull alternate output
ETH_MII_TX_CLK Input floating (reset state)
ETH_MII_CRS Input floating (reset state)

ETH_MII_RX_CLK
ETH_RMII_REF_CLK

Input floating (reset state)

ETH_MDIO

Push-pull alternate output, high
speed (50MHz)

ETH_MII_COL

Input floating (reset state)

ETH_MII_RX_DV
ETH_RMII_CRS_DV

Input floating (reset state)

ETH_MII_RXDO .
Input floating (reset state)
ETH_RMII_RXDO0
ETH_MII_RXD1 .
Input floating (reset state)
ETH_RMII_RXD1
ETH_MII_RXD2 Input floating (reset state)

www.nationstech.com

157/ 838 Nations Technologies Inc.
Tel: +86-755-86309900
Email : info@nationstech.com
Address: Nations Tower, #109 Baoshen Road, Hi-tech Park North.
Nanshan District, Shenzhen, 518057, P.R.China



Nation $

MAC signal Pin configuration
ETH_MII_RXD3 Input floating  (reset state)
ETH MII RX ER Input floating (reset state)

Ethernet Push-pull alternate output, high

Ethernet speed (50MHz)
ETH_MII_TXDO Push-pull alternate output, high
ETH_RMII_TXDO speed (50MHz)
ETH_MII_TXD1 Push-pull alternate output, high

ETH_RMII_TXD1

speed (50MHz)

ETH_PPS_OUT

Push-pull alternate output, high
speed (50MHz)

ETH_MII_TXD3

Push-pull alternate output, high
speed (50MHz)

ETH_RMII_CRS_DV

Input floating (reset state)

ETH_MII_RXDO _
Input floating (reset state)
ETH_RMII_RXDO
ETH_MII_RXD1 _
Input floating (reset state)
ETH_RMII_RXD1
ETH_MII_RXD2 Input floating (reset state)
ETH_MII_RXD3 Input floating (reset state)

Table 7-50 USB

USB pin GPIO configuration
usB_DM Once the USB module is enabled,
USB_DP these pins are automatically

connected to the internal USB

transceiver.

Table 7-51 Other

pin Alternate function GPIO configuration
RTC output When configuring BKP_CR and
TAMPER-RTC Intrusion event input BKP_RTCCR registers, it is forced by
hardware.
MCO Clock output Push-pull alternate output
EXTI input line External interrupt input Input floating or pull-up input or input
pull-down

7.2.7 GPIO locking mechanism

www.nationstech.com

The locking mechanism is used to freeze the 1/0 configuration to prevent accidental changes. When a LOCK program
is executed on a port bit, the port configuration cannot be changed until the next reset. Refer to the port configuration
lock register GPIOx_PLOCK_CFG.

B PLOCKK_CFG is GPIOXx_PLOCK_CFGJ[16], which will become 1 only after the PLOCKK_CFG is operated
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according to the correct sequence wl->w0->w1->r0 (where r0 is required); After that, it will become 0 only
after system reset.

B PLOCK CFGy is GPIOXx_PLOCK_CFG [15:0], which can only be modified when PLOCKK_ CFG = 0, that
is, it is unlocked.

B The sequence wl->w0->w1->r0 is valid only when the PLOCKK_CFG is written at the same time as the non-
zero GPIOx_PLOCKK_CFG [15: 0]. GPIOx_PLOCK _ CFG [15:0] must not be changed during sequence
writing;

B GPIOx_PH_CFG/GPIOx_PL_CFG bits can be modified as long as PLOCK _ CFG = 0, which is not affected
by the configuration of GPIOx_PLOCK_CFG [15:0].

B PLOCKK_CFG=1, GPIOx_PH_CFG/GPIOx_PL_CFG is controlled by GPIOx_PLOCK_CFG [15:0],
corresponding to PLOCK_CFGy (y=0...15) =1 which is a locked configuration and cannot be modified, and
PLOCK_CFGy=0, can be modified.

B [f the sequence operation is wrong, wl->w0->w1->r0 must be performed again to initiate the locking operation
again.

7.3 GPIO registers

These peripheral registers must be operated as 32-bit words.

7.3.1 GPIO register overview

GPIOA base address: 0x40010800
GPIOB base address: 0x40010C00
GPIOC base address: 0x40011000
GPIOD base address: 0x40011400
GPIOE base address: 0x40011800
GPIOF base address: 0x40011C00
GPIOG base address: 0x40012000
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Table 7-52 GPIO registers overview
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PCFGI7[1 :0] PMODIE7[ 1:0] PCFGIG[I 0] PMODIE6[1 :0] PCFGIS[ 1:0] PMODIES[I 0] PCFGI4[] :0] PMODIE4[ 1:0]
15rW14 13YW12 llrWIO 9rw8 7rw6 5rW4 3rw2 lrWO
PCFGI3[1:0] PMODIES[I:O] PCFGIZ[I:O] PMODIEz[l:O] PCFGII[I:O] PMODIEI[1:0] PCFGIO[I:O] PMODIEO[I:()]
Bit field Name Description
31:30 PCFGy[1:0] Port x configuration bit (y =0...7)
27:26 PMODE[1:0]=00 input mode:
23:22 00: analog function mode (state after reset)
19:18 01: Input floating mode
15:14 10: input pull-up/ input pull-down mode (note: when configuring the input pull-up/
11:10 input pull-down mode, you need to set/reset the corresponding GPIOx_POD register)
7:6 11: reserved
3:2 When PMODE[1:0]>00 output mode:
00: General push-pull output mode
01: General open-drain output mode
10: Alternate function push-pull output mode
11: Open-drain output mode of alternate function
29:28 PMODEy[1:0] Mode bit of port x (y =0...7)
25:24 00: input mode (state after reset)
21:20 01: output mode, maximum speed 2MHz
17:16 10: output mode, maximum speed 10MHz
13:12 11: output mode, maximum speed 50MHz
9:8
5:4
1:0

7.3.3 GPIO port high configuration register (GPI1Ox_PH_CFG)

Address offset: 0x04

Reset value: 0x8880 0000(x=A); 0x0000 0000(x=B,C,D,E,F,G)

31 30

29 28

27

26 25 24

23 22

21 20

19 18

17 16

PCFG15[1:0]

PMODE15[1:0]

PCFG14[1:0]

PMODE14[1:0]

PCFGI3[1:0]

PMODE13[1:0]

PCFG12[1:0]

PMODEI2[1:0]

™w ™w ™w ™ ™ ™ ™w ™w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PCFGI11[1:0] PMODE11[1:0] PCFG10[1:0] PMODEI10[1:0] PCFGI[1:0] PMODE9[1:0] PCFGS[1:0] PMODES[1:0]
™ ™w ™w ™w ™ ™ ™ ™
Bit field Name Description
31:30 PCFGy[1:0] Port x configuration bit (y =8...15)
27:26 PMODE[1:0]=00 In input mode:
23:22 00: analog function mode (state after reset)
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Bit field Name Description
19:18 01: Input floating mode
15:14 10: input pull-up/ input pull-down mode (note: when configuring the input pull-up/
11:10 input pull-down mode, you need to set/reset the corresponding GP1Ox_POD register)
7:6 11: reserved
3.2 When MODE[1:0]>00 output mode:
00: General push-pull output mode
01: General open-drain output mode
10: Alternate function push-pull output mode
11: Open-drain output mode of alternate function
29:28 PMODEYy[1:0] Mode bit of port x (y =8...15)
25:24 00: input mode (state after reset)
21:20 01: output mode, maximum speed 2MHz
17:16 10: output mode, maximum speed 10MHz
13:12 11: output mode, maximum speed 50MHz
9:8
5:4
1:0

7.3.4 GPIO port input data register (GPI1Ox_PID)

Address offset: 0x08

Reset value: 0x0000 0000

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PID15 PID14 PID13 PIDI12 PIDI11 PID10 PID9 PID8 PID7 PID6 PID5 PID4 PID3 PID2 PID1 PIDO
iy T T T T T T T T T T T T T T T
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 PIDy Port input data (y =0...15)

These bits are read-only and can only be read in the form of 16-bit words, and the

read value is the state of the corresponding 1/0 port.

7.3.5 GPIO port output data register (GP1Ox_POD)

Address offset: 0x0C

Reset value: 0x0000 A000(x=A); 0x0000 0010(x=B); 0x0000 0000(x=C,D,E,F,G)
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Reserved
1 1 1 1 1 1 1 1 1 1 1 1 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PODI15 POD14 POD13 PODI12 PODI1 POD10 POD9 POD8 POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO

™ ™w ™ ™ ™w ™ ™w ™ ™w ™ ™ ™w ™ ™w ™ ™
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
150 PODy Port output data (y =0...15)

These bits can only be read or written in the form of 16-bit words. GPIOx_PBSC(x =
A...G) can be independently set/cleared for the corresponding POD bit.

7.3.6 GPIO port bit setting/clearing register (GP1Ox_PBSC)

Address offset: 0x10

Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PBC15 PBC14 | PBCI13 PBCI12 PBCI11 PBCI10 PBC9 PBC8 PBC7 PBC6 PBCS PBC4 PBC3 PBC2 PBC1 PBCO
5413 w0 o 8 3 6 s a4 3 5 1%
PBS15 PBS14 PBS13 PBS12 PBSI11 PBS10 PBS9 PBS8 PBS7 PBS6 PBS5 PBS4 PBS3 PBS2 PBS1 PBSO
w w w w w W w w w w w w w w W w
Bit field Name Description
31:16 PBCy Clear bit y of port GPIOX (y =0...15)
These bits can only be written and operated as words (16 bits).
0: does not affect the corresponding PODy bit
1: Clear the corresponding PODy bit to 0
Note: if the corresponding bits of PBSy and PBCy are set at the same time, the PBSy
bit works.
15:0 PBSy Set bit y of port GPIOX (y =0...15)
These bits can only be written and operated as words (16 bits).
0: does not affect the corresponding PODy bit
1: Set the corresponding PODy bit to 1

7.3.7 GPIO port bit clear register (GPIOx_PBC)

Address offset: 0x14

Reset value: 0x0000 0000
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' ' ' ' ' ' " Reseved ' ' ' ' ' '

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PBC15 | PBC14 | PBCI13 | PBCI2 | PBCIl | PBC10 | PBCY | PBC8 | PBC7 | PBC6 | PBC5 | PBC4 | PBC3 | PBC2 | PBCI PBCO
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.

15:0 PBCy Clear bit y of port GPIOx (y = 0...15)
These bits can only be written and operated as words (16 bits).
0: does not affect the corresponding PODy bit
1: Clear the corresponding PODy bit to 0
7.3.8 GPIO port lock configuration register (GPIOx_ PLOCK _CFG)
Address offset: 0x18
Reset value: 0x0000 0000

31 17 16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 r(‘;V
repei [ et [ Tenet [t [ e | e [ "o | ek [ el [ e [ ek [ e et [ e | et [ "o

w w w w w w w w w w w rw w rw w w
Bit field Name Description
31:17 Reserved Reserved, the reset value must be maintained.

16 PLOCKK_CFG | Lock key. This bit can be read at any time, and it can only be modified by the key
lock write sequence.
0: Port configuration lock key is activated
1: The port configuration lock key is activated, and the GPIOx_PLOCK_CFG register
is locked before the next system reset. The write sequence of the lock key:
Write 1 -> write 0 -> write 1 ->read 0 -> read 1
The last reading can be omitted, but it can be used to confirm that the lock key has
been activated.
Note: the value of PLOCK_CFG[15:0] cannot be changed when the writing sequence
of lock key is operated. Any error in the operation key writing sequence will not
activate the key.

15:0 PLOCK_CFGy | Configuration lock bit y of port GPIOx (y =0...15)
These bits are readable and writable but can only be written when the PLOCKK_CFG
bitis 0.
0: Do not lock the configuration of the port
1: Lock the configuration of the port
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7.3.9 GPIO driver capability configuration register (GPIOx_DS CFG)

Address offset: 0x20

Reset value: 0x0000 FFFF (x = A,B,C,D,E) ; 0x0000 FO3F (x=F) ; 0x0000 023F (x=G)

31

Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS DS
_CFG15 | CFGl4 | CFG13 | CFGI2 | _CFGIl | CFGI0 | CFGY9 | CFG8 | CFG7 | CFG6 | CFG5 | CFG4 | CFG3 | CFG2 | CFGl | CFGO
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 DS_CFGy The drive capability configuration bit y of port GPIOx (y =0...15)
These bits can only be read or written in the form of 16-bit words.
0: 2mA
1: Controlled by PMODEYy of GPIOx_PH_CFG/GPIOx_PL_CFG.
PMODE: 00/01, 8mA,
PMODEy: 10, 4mA;
PMODEy: 11, 12mA.
7.3.10 GPIO flip rate configuration register (GPIOx_SR_CFG)
Address offset: 0x24
Reset value: 0x0000 FFFF (x=A,B,C,D,E); 0x0000 FO3F (x=F); 0x0000 023F (x=G)
31 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR
_CFG15 | CFGl4 | CFGI13 | CFG12 | CFGll | CFG10 | CFGY9 | CFG8 | CFG7 | CFG6 | CFG5 | CFG4 | CFG3 | CFG2 | CFGl | _CFGO
™ ™w ™ ™w ™ ™ ™ ™ ™w ™ ™ ™ ™ ™w ™ ™w
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 SR_CFGy Port GPIOx flip rate configuration bit y (y =0...15)

These bits can only be read or written in the form of 16-bit words.
0: fast flip
1: Slow flip
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7.4.1 AFIO register overview

AFIO base address: 0x40010000

Table 7-53 AFIO register overview
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7.4.2 AF10 event control register (AFIO_ECTRL)

Address offset: 0x00
Reset value: 0x0000 0000

31

' ' ' ' ' ' " Reseved ' ' ' ' ' '
15 8 7 6 4 3 0
I I I Reselrved I I I EOE P(;RT_SEL[2I:O] I PIN_S]IEL[S:O] I

Bit field Name Description

31:8 Reserved Reserved, the reset value must be maintained.

7 EOE Event output enable bit.
When this bit is set, the Cortex event output signal will be connected to the 1/0 port
selected by PORT_SEL[2:0] and PIN_SEL[3:0].
0: Output disable
1: Output enable

6:4 PORT_SEL[2:0] | Port selection bit
Select the port used to output the event output signal of cortex:
000: select port A
001: select port B
010: select port C
011: select port D
100: select port E

3.0 PIN_SEL[3:0] Pin select bit
Select the pin used to output the Cortex event output signal, (x=A...E) corresponding
to the 1/0 selected by PORT_SEL[2:0].
0000: select Px0 0001: select Px1 0010: select Px2 0011: select Px3
0100: select Px4 0101: select Px5 0110: select Px6 0111: select Px7
1000: select Px8 1001: select Px9 1010: select Px10 1011: select Px11
1100: select Px12 1101: select Px13 1110: select Px14 1111: select Px15

7.4.3 AFIO alternate remap configuration register (AFIO_RMP_CFG)

Address offset: 0x04
Reset value: 0x0000 0000

31 27 26 24 23 22 21 20 19 18 17 16
T T T T T T T
. MII_RMII ADC2 ADC2 ADC1 ADC1 [TIM5CH4
. . Reserved . SW_IJTAG_CFC:[ZO] “SEL Reselrved CETRR | ETRI | ETRR | ETRI “RMP
w ™ ™ ™w ™ ™w ™
15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0
T T T T T
PDO1 TIM4 USART2 | USART1 12C1 SPI1
“RMP CAN1_RMP _RMP TIM3_RMP TIM2_RMP TIM1_RMP USART3_RMP "RMP 0| RMP RMP | RMP_0
. . . . .
™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™
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Bit field Name Description
31:27 Reserved Reserved, the reset value must be maintained.
26:24 SW_JTAG_CFG[2:0] | Serial wire JTAG configuration

These bits can only be written by software (reading these bits will return an
undefined value) and are used to configure the 1/O ports of the SWD-JTAG
alternate function. SWD-JTAG (Serial Wire JTAG) supports JTAG or SWD to
access Cortex's debug port. The default state after system reset is to enable SWD-
JTAG. In this state, JTAG or SW (serial wire) mode can be selected through a
specific signal on the JTMS/JTCK pin.

000: Full SWJ (JTAG-DP + SW-DP): reset state;

001: Full SWJ (JTAG-DP + SW-DP) but no NJTRST;

010: Turn off JTAG-DP and enable SW-DP;

100: Turn off JTAG-DP, turn off SW-DP;

Other values: no effect.

23 MII_RMII_SEL Ethernet MAC connection mode selection bit.

This bit can be set to '1' or set to '0' by software. It configures the internal
Ethernet MAC to use the external MII interface or the transceiver PHY of the
RMII interface.

0: Configure the Ethernet MAC to use the transceiver of the external Mll
interface;

1: Configure the Ethernet MAC to use the transceiver of the external RMII

interface.
22:21 Reserved Reserved, the reset value must be maintained.
20 ADC2_ETRR ADC?2 regular conversion external trigger remapping

This bit can be set to '1' or set to '0' by software. It controls the trigger input
connected to the external trigger of ADC2 regular conversion.

0: ADC2 regular conversion external trigger is connected to EXTI11

1: ADC2 regular conversion external trigger is connected to TIM8_TRGO

19 ADC2_ETRI ADC?2 injection conversion external trigger remapping

This bit can be set to '1' or set to '0' by software. It controls the trigger input
connected to the ADC2 injection conversion external trigger.

0: ADC2 injection conversion external trigger is connected to EXTI15

1: ADC2 injection conversion external trigger is connected to TIM8_CH4.

18 ADC1_ETRR ADCI1 regular conversion external trigger remapping

This bit can be set to '1' or set to '0' by software. It controls the trigger input
connected to the external trigger of ADC1 regular conversion.

0: ADC1 regular conversion external trigger is connected to EXTI11

1: ADC1 regular conversion external trigger is connected to TIM8_TRGO

17 ADC1_ETRI ADCL1 injection conversion external trigger remapping

This bit can be set to '1' or set to '0' by software. It controls the trigger input
connected to the ADC1 injection conversion external trigger.

0: ADC1 injection conversion external trigger is connected to EXTI15

1: ADC1 injection conversion external trigger is connected to TIM8_CH4
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Bit field Name Description

16 TIM5CH4_RMP TIM5_CH4 internal remapping
This bit can be set to '1' or set to ‘0" by software. It controls the internal image of
TIM5_CHA4.

0: TIM5_CH4 is connected to PA3
1: LSl internal oscillator is connected to TIM5_CHA4, the purpose is to calibrate
the LSI

15 PD01_RMP PDO0/PD1 mapping on OSC_IN/OSC_OUT (PD0/PD1 mapping on
OSC_IN/OSC_OUT)

This bit can be set to '1' or set to '0' by software. It controls the GP10O function
image of PD0O and PD1. When the main oscillator HSE is not used (the system
runs on the internal 8MHz RC oscillator), PDO0 and PD1 can be mapped to the
OSC_IN and OSC_OUT pins. This function can only be applied to packages with
pins below 80 (PDO and PD1 appear on packages with pins 80 and above and do
not need to be remapped).

0: Do not remap PDO and PD1;

1: PDO is mapped to OSC_IN, PD1 is mapped to OSC_OUT.

14:13 CAN1_RMP[1:0] CAN1 alternate function remapping

These bits can be set to '1' or set to '0" by software to control the re-mapping of
the alternate functions CAN1_RX and CAN1_TX on products with only a single
CANL1 interface.

00: CAN1_RX is mapped to PA11, CAN1_TX is mapped to PA12;

01: CAN1_RX is mapped to PD8, CAN1_TX is mapped to PD9;

10: CAN1_RX is mapped to PB8, CAN1_TX is mapped to PB9 (cannot be used
for 36-pin package);

11: CAN1_RX is mapped to PDO, CAN1_TX is mapped to PD1.

12 TIM4_RMP Remapping of Timer 4

This bit can be set to '1' or set to '0' by software to control the mapping of
channels 1-4 of TIM4 to the GP10O port.

0: No remapping (TIM4_CH1/PB6, TIM4_CH2/PB7, TIM4_CH3/PBS,
TIM4_CH4/PBY);

1: Full image (TIM4_CH1/PD12, TIM4_CH2/PD13, TIM4_CH3/PD14,
TIM4_CHA4/PD15).

Note: Remapping does not affect TIM4_ETR on PEOQ.

11:10 TIM3_RMPJ[1:0] Remapping of Timer 3

These bits can be set to '1' or set to '0' by software to control the image of Timer 3
channels 1 to 4 on the GPIO port.

00: no remapping (CH1/PA6, CH2/PA7, CH3/PB0O, CH4/PB1);

01: unused combination;

10: Partial image (CH1/PB4, CH2/PB5, CH3/PB0, CH4/PB1);

11: Full image (CH1/PC6, CH2/PC7, CH3/PC8, CH4/PC9).

Note: Remapping does not affect TIM3_ETR on PD2.

9:8 TIM2_RMPJ[1:0] Remapping of Timer 2
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Bit field Name Description

These bits can be set to '1' or set to '0' by software to control the image of Timer 2
channels 1 to 4 and external trigger (ETR) on the GP1O port.

00: no remapping (CH1/ETR/PAO, CH2/PA1, CH3/PA2, CH4/PA3);

01: Partial image (CH1/ETR/PA15, CH2/PB3, CH3/PA2, CH4/PA3);

10: Partial image (CH1/ETR/PAQ, CH2/PA1, CH3/PB10, CH4/PB11);

11: Complete image (CH1/ETR/PA15, CH2/PB3, CH3/PB10, CH4/PB11).

7:6 TIM1_RMP[1:0] Remapping of Timer 1

These bits can be set to '1' or set to '0' by software to control timer 1 channels 1 to
4, 1N to 3N, external trigger (ETR) and brake input

(BKIN) The image on the GPIO port.

00: no remap (ETR/PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11,
BKIN/PB12, CH1IN/PB13, CH2N/PB14, CH3N/PB15);

01: partial image (ETR/ PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA1l,
BKIN/PA6, CH1N/PA7, CH2N/PBO, CH3N/PBL1);

10: Partial image (ETR/PA12, CH1/PA8, CH2/PA9, CH3/PA10, CH4/PA11,
BKIN/PB5, CH1IN/PB13, CH2N/PB14, CH3N/PBL15);

11: Full image (ETR/PE7, CH1/PE9, CH2/PE11, CH3/PE13, CH4/PE14,
BKIN/PE15, CH1N/PE8, CH2N/PE10, CH3N/PE12).

5:4 USART3_RMP[1:0] | Remapping of USART3

These bits can be set to '1' or set to '0' by software to control the image of the
CTS, RTS, CK, TX and RX alternate functions of USART3 on the GPIO port.
00: No remapping (TX/PB10, RX/PB11, CK/PB12, CTS/PB13, RTS/PB14);
01: Partial image (TX/PC10, RX/PC11, CK/PC12, CTS/PB13, RTS/PB14);
10: Unused combination;

11: Full image (TX/PD8, RX/PD9, CK/PD10, CTS/PD11, RTS/PD12)..

3 USART2_RMP_0O Remapping of USART2

These bits can be set to '1' or set to '0" by software and used in conjunction with
USART2_RMP_1 to form USART2_RMPJ[1:0] to control the image of the CTS,
RTS, CK, TX and RX alternate functions of USART2 on the GPIO port.

00: No remapping (CTS/PAQ, RTS/PAL, TX/PA2, RX/PA3, CK/PA4);

01: Remapping (CTS/PD3, RTS/PD4, TX/PD5, RX/PD6, CK/PD7);

10: Remapping (CTS/PC6, RTS/PC7, TX/PC8, RX/PC9, CK/-);

11: Remapping (CTS/PA15, RTS/PB3, TX/PB4, RX/PB5, CK/PA4).

Note: Synchronous mode is not supported when the USART2_RMP[1:0] is 10 .

2 USART1_RMP[1:0] | Remapping of USART1

This bit can be set to '1' or set to '0' by software to control the image of the TX
and RX alternate functions of USART1 on the GPIO port.

0: No remapping (TX/PA9, RX/PA10);

1: Remapping (TX/PB6, RX/PB7).

1 12C1_RMP Remapping of 12C1
This bit can be set to '1' or set to '0' by software to control the image of 12C1's
SCL and SDA alternate functions on the GPIO port.
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Bit field Name Description

0: No remapping (SCL/PB6, SDA/PB7);

1: Remapping (SCL/PB8, SDA/PB9).

0 SPI1_RMP_0 Remapping of SPI1

This bit can be set to '1' or set to '0' by software and used in conjunction with
SPI1_RMP_1 to form SPI1_RMP[1:0] to control the image of SPI1's NSS, SCK,
MISO and MOSI alternate functions on the GPIO port.

00: No remapping (NSS/PA4, SCK/PA5, MISO/PA6, MOSI/PAT);

01: Remapping (NSS/PA15, SCK/PB3, MISO/PB4, MOSI/PB5);

10: Remapping (NSS/PB2, SCK/PAS5, MISO/PAG, MOSI/PAT);

11: Remapping (NSS/PB2, SCK/PE7, MISO/PES, MOSI/PE9);

7.4.4 AFI0 external interrupt configuration register 1(AFIO_EXTI_CFG1)

Address offset: 0x08
Reset value: 0x0000 0000

31 16
Reserved
15 12 11 8 7 4 3 0
EXTI3_CFG[3:0] EXTI2_CFG[3:0] EXTI1_CFG[3:0] EXTIO_CFG[3:0]
™ ™w ™w ™

Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 EXTIx_CFG[3:0] | EXTIx configuration (x = 0... 3)

These bits can be read and written by software and used to select the input source of
the EXTIx external interrupt.

EXTIO configuration:

0000: PAO pin  0001: PBO pin  0010: PCO pin
0011: PDO pin  0100: PEO pin ~ 0101: Reserved
0110: PGO pin

EXTI1 configuration:

0000: PA1 pin  0001: PB1 pin  0010: PC1 pin
0011: PD1 pin  0100: PE1 pin  0101: PF1 pin
0110: PG1 pin

EXTI2 configuration:

0000: PA2 pin  0001: PB2 pin  0010: PC2 pin
0011: PD2 pin  0100: PE2 pin  0101: PF2 pin
0110: PG2 pin

EXTI3 configuration:

0000: PA3 pin  0001: PB3 pin  0010: PC3 pin
0011: PD3 pin  0100: PE3 pin  0101: PF3 pin
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Bit field

Name

Description

0110: PG3 pin

7.4.5 AFI0O external interrupt configuration register 2(AFIO_EXTI_CFG2)

Address offset: 0x0C

Reset value: 0x0000 0000

31

Reserved
L L L L L L L L L L

EXTI7_CFG[3:0]

EXTI6_CFG[3:0] EXTI5_CFG[3:0] EXTI4 CFG[3:0]

™

™ ™ ™

Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 EXTIx_CFG[3:0] | EXTIx configuration (x =4... 7)

These bits can be read and written by software and used to select the input source of
the EXTIx external interrupt.

EXTI4 configuration:

0000: PA4 pin  0001: PB4 pin  0010: PC4 pin
0011: PD4 pin  0100: PE4 pin  0101: PF4 pin
0110: PG4 pin

EXTI5 configuration:

0000: PA5 pin 0001: PB5 pin  0010: PC5 pin
0011: PD5 pin ~ 0100: PE5 pin  0101: PF5 pin
0110: PG5 pin

EXTI6 configuration:

0000: PA6 pin  0001: PB6 pin  0010: PC6 pin
0011: PD6 pin  0100: PE6 pin  0101: Reserved
0110: Reserved

EXTI7 configuration:

0000: PA7 pin  0001: PB7 pin  0010: PC7 pin
0011: PD7 pin ~ 0100: PE7 pin ~ 0101: Reserved
0110: Reserved

7.4.6 AFI10 external interrupt configuration register 3(AFIO_EXTI_CFG3)

Address offset: 0x10

Reset value: 0x0000 0000
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Reserved
1 1 1

EXTIl1_CFG[3:0]

EXTI10_CFG[3:0]

EXTI9_CFG[3:0]

EXTI8_CFG[3:0]

Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 EXTIx_CFG[3:0] | EXTIx configuration (x =8... 11)

These bits can be read and written by software and used to select the input source of
the EXTIx external interrupt.

EXTI8 configuration:
0000: PA8 pin
0011: PD8 pin
0110: Reserved
EXTI9 configuration:

0001: PB8 pin
0100: PES8 pin

0010: PC8 pin
0101: Reserved

0000: PA9 pin  0001: PB9 pin  0010: PC9 pin
0011: PD9 pin  0100: PE9 pin  0101: Reserved
0110: PG9 pin

EXTI10 configuration:

0000: PA10 pin  0001: PB10 pin
0011: PD10 pin  0100: PE10 pin

0110: Reserved
EXTI11 configuration:

0000: PA11 pin  0001: PB11 pin
0011: PD11 pin  0100: PE11 pin

0110: Reserved

0010: PC10 pin
0101: Reserved

0011: PC10 pin
0101: Reserved

7.4.7 AFIO external interrupt configuration register 4(AFIO_EXTI_CFG4)

Address offset: 0x14

Reset value: 0x0000 0000

31

Reserved
L L L

EXTI15_CFG[3:0]
1

EXTI14_CFG[3:0]
1

EXTI13_CFG[3:0]
1

EXTI12 CFG[3:0]
1

™ ™ ™w ™
Bit field Name Description
31:16 Reserved Reserved, the reset value must be maintained.
15:0 EXTIx_CFG[3:0] | EXTIx configuration (x = 12... 15)
These bits can be read and written by software and used to select the input source of
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Bit field

Name

Description

the EXTIx external inter
EXTI12 configuration:
0000: PA12 pin  0001:
0011: PD12 pin  0100:
0110: Reserved
EXTI13 configuration:
0000: PA13 pin  0001:
0011: PD13 pin  0100:
0110: Reserved
EXTI14 configuration:
0000: PA14 pin  0001:
0011: PD14 pin  0100:
0110: Reserved
EXTI15 configuration:
0000: PA15 pin  0001:
0011: PD15 pin  0100:
0110: Reserved

rupt.
PB12 pin

PE12 pin

PB13 pin
PE13 pin

PB14 pin
PE14 pin

PB15 pin
PE15 pin

0011:
0101:

0011:
0101:

0011:
0101:

0011:
0101:

PC12 pin
PF12 pin

PC13 pin
PF13 pin

PC14 pin
PF14 pin

PC15 pin
PF15 pin

7.4.8 AFI0O alternate remapping configuration register 3(AFIO_RMP_CFG3)

Address offset: 0x20

Reset value: 0x0000 0000

31 30 29 28 27 25 24 23 22 21 20 19 18 17 16
TIM87RIMP[I:0] Reserved UARTUIQMP[I;()] UART@IQMP[I:O] UARTSJI(MP[I:O] UART47]I(MP[1:O] UaaRTa | SHi ETI—LR;\/IP[I:O]
15 ™ 14 13 12 11 " 9 ™ 8 7 ™ 6 5 ™ 4 r;’\’ r;V 1 ™ 0

SPI?LR;\/[P[I:O] SPI27R;\/IP[1:O] I2C47R;V[P[1:0] 12C37R;\/[P[I:0] 12C27R;\/[P[I:0] QSPLRIMP[I:O] Reserved CANZJ;MP[]:O] SII{)I\I,[?,
o ™ ™ o v r; ,;v m

Bit field Name Description

31:30 TIM8_RMPJ[1:0] Remapping of Timer 8
These bits can be set to '1' or set to '0' by software to control the image of Timer 8
channels 1 to 2 on the GP1O port.
00: No remapping (ETR/PAO, CH1/PC6, CH2/PC7, CH3/PC8, CH4/PCY9,
BKIN/PAG6, CHIN/PA7, CH2N/PB0O, CH3N/PB1);
01: Partial image (ETR/PB4, CH1/PC6, CH2/PC7, CH3/PC8, CH4/PC9,
BKIN/PB3, CH1N/PA15, CH2N/PC12, CH3N/PD2);
10: Unused combination;
11: Partial image (ETR/PB4, CH1/PD14, CH2/PD15, CH3/PC8, CH4/PC9,
BKIN/PB3, CH1N/PA15, CH2N/PC12, CH3N/PD2).

29:28 Reserved Reserved, the reset value must be maintained.
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Bit field Name Description

27:26 UART7_RMP[1:0] | Remapping of UART7

These bits can be set to '1' or set to '0' by software to control the image of the TX
and RX alternate functions of UART7 on the GPIO port.

00: No remapping (TX/PC4, RX/PC5);

01: Remapping (TX/PC2, RX/PC3);

10: Unused combination;

11: Remapping (TX/PGO0, RX/PG1).

25:24 UART6_RMP[1:0] | Remapping of UART6

These bits can be set to '1' or set to '0' by software to control the image of the TX
and RX alternate functions of UART6 on the GPIO port.

00: No remapping (TX/PE2, RX/PE3);

01: Unused combination;

10: Remapping (TX/PCO, RX/PC1);

11: Remapping (TX/PBO, RX/PB1).

23:22 UARTS5_RMP[1:0] | Remapping of UART5

These bits can be set to '1' or set to '0" by software to control the image of the TX
and RX alternate functions of UART5 on the GPI10 port.

00: No remapping (TX/PC12, RX/PD2);

01: Remapping (TX/PB13, RX/PB14);

10: Remapping (TX/PE8, RX/PE9);

11: Remapping (TX/PB8, RX/PB9).

21:20 UART4_RMP[1:0] | Remapping of UART4

These bits can be set to '1' or set to '0' by software to control the image of the TX
and RX alternate functions of UART4 on the GPIO port.

00: No remapping (TX/PC10, RX/PC11);

01: Remapping (TX/PB2, RX/PET);

10: Remapping (TX/PA13, RX/PA14);

11: Remapping (TX/PDO, RX/PD1).

19 USART2_RMP_1 | Remapping of USART2

These bits can be set to '1' or set to '0' by software and used in conjunction with
USART2_RMP_0 to form USART2_RMPJ[1:0] to control the image of the CTS,
RTS, CK, TX and RX alternate functions of USART2 on the GPIO port.

00: No remapping (CTS/PAQ, RTS/PAL, TX/PA2, RX/PA3, CK/PA4);

01: Remapping (CTS/PD3, RTS/PD4, TX/PD5, RX/PD6, CK/PD7);

10: Remapping (CTS/PC6, RTS/PC7, TX/PC8, RX/PC9, CK/-);

11: Remapping (CTS/PA15, RTS/PB3, TX/PB4, RX/PB5, CK/PA4).

Note: Synchronous mode is not supported when the USART2_RMP[1:0] is 10 .

18 SPI1_RMP_1 Remapping of SPI1

This bit can be set to '1' or set to '0' by software and used in conjunction with
SPI11_RMP_0 to form SPI1_RMP[1:0] to control the image of NSS, SCK, MISO
and MOSI alternate functions of SP11 on the GPIO port.

00: No remapping (NSS/PA4, SCK/PAS5, MISO/PA6, MOSI/PAT);
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Bit field Name Description

01: Remapping (NSS/PAL5, SCK/PB3, MISO/PB4, MOSI/PB5);
10: Remapping (NSS/PB2, SCK/PAS5, MISO/PA6, MOSI/PAT);
11: Remapping (NSS/PB2, SCK/PE7, MISO/PES, MOSI/PE9);

17:16 ETH_RMP[1:0] Pin configuration of Ethernet MAC

This bit can be set to '1' or '0' by software. It controls the connection of the Ethernet
MAC to the external transceiver PHY.

00: No remapping (RX_DV/CRS_DV/PA7, RXD0/PC4, RXD1/PC5, RXD2/PBO,
RXD3/PB1, PPS_OUT/PB5, TXD3/PB8);

01: Remapping (RX_DV/CRS_DV/PD8, RXD0/PD9, RXD1/PD10, RXD2/PD11,
RXD3/PD12, PPS_OUT/PB5, TXD3/PB8);

10: Remapping (RX_DV/CRS_DV/PA7, RXDO/PC4, RXD1/PC5, RXD2/PBO,
RXD3/PB1, PPS_OUT/PB6, TXD3/PB7);

11: Remapping (RX_DV/CRS_DV/PD8, RXD0/PD9, RXD1/PD10, RXD2/PBO,
RXD3/PB1, PPS_OUT/PB6, TXD3/PB7).

15:14 SPI3_RMP[1:0] Remapping of SPI3

This bit can be set to '1' or set to '0' by software to control the image of the NSS,
SCK, MISO and MOSI alternate functions of SP13 on the GP10 port.

00: No remapping (NSS/WS/PA15, SCK/CK/PB3, MISO/PB4, MOSI/PB5);

01: Remapping (NSS/WS/PD2, SCK/CK/PC10, MISO/PC11, MOSI/PC12);

10: Remapping (NSS/WS/PD8, SCK/CK/PD9, MISO/PD11, MOSI/PD12);

11: Remapping (NSS/WS/PC2, SCK/CK/PC3, MISO/PAO, MOSI/PAL).

13:12 SPI2_RMP[1:0] Remapping of SPI2

This bit can be set to '1' or set to '0' by software to control the image of the NSS,
SCK, MISO and MOSI alternate functions of SP12 on the GP10 port.

00: No remapping (NSS/WS/PB12, SCK/CK/PB13, MISO/PB14, MOSI/PB15);
01: Remapping (NSS/WS/PC6, SCK/CK/PC7, MISO/PC8, MOSI/PC9);

10: Unused combination;

11: Remapping (NSS/WS/PE10, SCK/CK/PE11, MISO/PE12, MOSI/PE13).
11:10 12C4_RMP[1:0] 12C4 remapping

This bit can be set to '1' or set to '0' by software to control the image of 12C4's SDA

and SCL alternate functions on the GP10O port.

00: No remapping (SCL/PC6, SDA/PCT);

01: Remapping (SCL/PD14, SDA/PD15);

10: Unused combination;

11: Remapping (SCL/PA9, SDA/PA10).

9:8 12C3_RMP[1:0] 12C3 remapping

This bit can be set to '1' or set to '0' by software to control the image of 12C3's SDA

and SCL alternate functions on the GP10 port.
00: No remapping (SCL/PCO, SDA/PC1);

01: Unused combination;

10: Remapping (SCL/PF4, SDA/PF5);

11: Remapping (SCL/PA4, SDA/PCS).
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Bit field Name Description
7:6 12C2_RMPJ1:0] 12C2 remapping
This bit can be set to '1' or set to '0' by software to control the image of 12C2's SDA

and SCL alternate functions on the GPIO port.

00: No remapping (SCL/PB10, SDA/PB11);

01: Remapping (SCL/PG2, SDA/PG3);

10: Unused combination;

11: Remapping (SCL/PC4, SDA/PAS).

5:4 QSPI_RMPJ[1:0] Remapping of QSPI

This bit can be set to '1' or set to '0' by software to control the image of QSPI's 100,
101, 102, 103, CLK, and NSS alternate functions on the GP10 port.

00: No remapping (NSS/PA4, SCK/PAS, I00/PA6, I01/PA7, 102/PC4, 103/PC5);
01: Unused combination;

10: Remapping (NSS/PFO0, SCK/PF1, I00/PF2, IO1/PF3, I02/PF4, I03/PF5);

11: Remapping (NSS/PC10, SCK/PC11, 100/PC12, 101/PDO, 102/PD1, 103/PD2).

3 Reserved Reserved, the reset value must be maintained.

21 CAN2_RMP[1:0] | CAN2 remapping

This bit can be set to '1' or set to '0' by software to control the image of the
CAN2_RX and CAN2_TX alternate functions of CAN2 on the GPIO port.

00: No remapping (RX/PB12, TX/PB13);

01: Remapping (RX/PB5, TX/PB6);

10: Unused combination;

11: Remapping (RX/PD10, TX/PD11).

0 SDIO_RMP SDIO remapping

This bit can be set to '1' or set to '0' by software to control the image of the alternate
function port. D4/PB8, D5/PB9, D6/PC6, D7/PC7 are not re-imaged.

0: No remapping (DO/PC8, D1/PC9, D2/PC10, D3/PC11, CK/PC12, CMD/PD2);
1: Remapping (DO/PES8, D1/PE9, D2/PE10, D3/PE11, CK/PE12, CMD/PE13);

7.4.9 AFIO alternate remap configuration register 4 (AFIO_ RMP_CFG4)

Address offset: 0x24
Reset value: 0x0000 0000

3 . . . 26 25 24 23 2 2 2 19 18 17 16
Reserved 7‘134511;10 SPI3_NSS|SPI2_NSS|SPII_NSS| DVP_RMP[1:0] sté—lj‘lp ngTORET :AEI%%{ i*EDT%“I
. . . . . .
™ ™w ™w ™ ™w ™w ™ ™w ™
15 14 13 12 oo 9 s 76 s 4 3.2 1o
j?EPFCR?Q 7A}§”)F(]:13I Reserved g?{%1;7 COMP6_RMP[1:0] | COMP5_RMP[1:0] | COMP4 RMP[1:0] | COMP3 RMP[1:0] | COMP2_RMP[1:0] | COMP1_RMP[1:0]
™w ™w ™w ™w 'w I'w ™w ™w ™w
Bit field Name Description
31:26 Reserved Reserved, the reset value must be maintained.
25 QSPI_MISO The 101 pin of QSPI is equivalent to MISO in standard single-wire mode, and the
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Bit field Name Description

pin attributes can be configured as:
0: The QSPI module automatically controls whether it is input or output

1: Fixed as input floating

24 SPI3_NSS NSS mode bit of SPI3 (when NSS is configured as AFIO push-pull).
0: NSS is high impedance when idle
1: NSSis 1 when idle

23 SPI2_NSS NSS mode bit of SPI2 (when NSS is configured as AFIO push-pull).
0: NSS is high impedance when idle
1: NSSis 1 when idle

22 SPI1_NSS NSS mode bit of SPI1 (when NSS is configured as AF1O push-pull).
0: NSS is high impedance when idle
1: NSS is 1 when idle

21:20 DVP_RMP[1:0] Remapping of DVP

This bit can be set to '1' or '0' by software.

00: No remapping (HSYNC/PA1, VSYNC/PA2, CLK/PA3, DO/PA4, D1/PA5,
D2/PA6, D3/PA7, D4/PC4, D5/PC5, D6/PBO, D7/PB1) ;

01: Remapping (HSYNC/PE2, VSYNC/PE3, CLK/PE4, DO/PE5, D1/PES,
D2/PC0, D3/PB2, D4/PF12, D5/PF13, D6/PF14, D7/PF15);

10: Unused combination;

11: Remapping (HSYNC/PE2, VSYNC/PE3, CLK/PE4, DO/PE5, D1/PES,
D2/PC0, D3/PB2, D4/PB10, D5/PB11, D6/PF14, D7/PF15).

19 QSPI_XIP_EN QSPI XIP memory mapping mode enable control
0: Disable
1: Enable
18 Reserved Reserved, the reset value must be maintained.
17 ADC4_ETRR ADC4 regular conversion external trigger remapping

This bit can be set to '1' or '0' by software. It controls the trigger input connected
to the external trigger of ADC4 regular conversion.

0: ADC4 regular conversion external trigger is connected to EXTI10

1: ADCA4 regular conversion external trigger is connected to TIM5_CH3

16 ADC4_ETRI ADCA4 injection conversion external trigger remapping

This bit can be set to '1' or '0' by software. It controls the trigger input connected
to the ADC4 injection conversion external trigger.

0: ADC4 injection conversion external trigger is connected to EXTI14

1: ADC4 injection conversion external trigger is connected to TIM5_CH4.

15 ADC3_ETRR ADC3 regular conversion external trigger remapping

This bit can be set to '1' or '0' by software. It controls the trigger input connected
to the external trigger of ADC3 regular conversion.

0: ADC3 regular conversion external trigger is connected to EXTI10

1: ADC3 regular conversion external trigger is connected to TIM5_CH3

14 ADC3_ETRI ADC3 injection conversion external trigger remapping

This bit can be set to '1' or '0' by software. It controls the trigger input connected
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Bit field Name Description

to the ADC3 injection conversion external trigger.
0: ADC3 injection conversion external trigger is connected to EXTI14
1: ADC3 injection conversion external trigger is connected to TIM5_CH4

13 Reserved Reserved, the reset value must be maintained.

12 COMP7_RMP Remapping of COMP7_OUT

This bit can be set to '1' or '0' by software.
0: No remapping (COMP7_OUT/PC2);
1: Remapping (COMP7_OUT/PD12).

11:10 COMP6_RMP[1:0] Remapping of COMP6_OUT

This bit can be set to '1' or '0' by software.
00: No remapping (COMP6_OUT/PC9);
01: Remapping (COMP6_OUT/PA12);
10: Unused combination;

11: Remapping (COMP6_OUT/PB7).

9:8 COMP5_RMP[1:0] Remapping of COMP5_OUT

This bit can be set to '1' or '0' by software.
00: No remapping (COMP5_OUT/PBO);
01: Remapping (COMP5_OUT/PB11);
10: Remapping (COMP5_OUT/PB6);

11: Remapping (COMP5_OUT/PALL).

7:6 COMP4_RMP[1:0] Remapping of COMP4_OUT

This bit can be set to '1' or '0' by software.
00: No remapping (COMP4_OUT/PC5);
01: Remapping (COMP4_OUT/PB12);
10: Unused combination;

11: Remapping (COMP4_OUT/PC11).

5:4 COMP3_RMPJ[1:0] Remapping of COMP3_OUT

This bit can be set to '1' or '0' by software.
00: No remapping (COMP3_OUT/PB10);
01: Remapping (COMP3_OUT/PC10);
10: Unused combination;

11: Remapping (COMP3_OUT/PA2).

3:2 COMP2_RMPJ[1:0] Remapping of COMP2_OUT

This bit can be set to '1' or '0' by software.
00: No remapping (COMP2_OUT/PAG);
01: Remapping (COMP2_OUT/PAT);

10: Remapping (COMP2_OUT/PA12);
11: Remapping (COMP2_OUT/PB9).

1:0 COMP1_RMP[1:0] Remapping of COMP1_OUT

This bit can be set to '1' or '0' by software.
00: No remapping (COMP1_OUT/PAO);
01: Remapping (COMP1_OUT/PB1);
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Bit field Name Description
10: Remapping (COMP1_OUT/PALL);
11: Remapping (COMP1_OUT/PBS).

7.4.10 AFIO alternate remapping configuration register 5(AFIO_RMP_CFG5)

Address offset: 0x28
Reset value: 0x0000 0000

31 24 23 2 21 20 19 18 17 16
L wemw [ ] kam | Rom ] Ren ) O] SO B B
15 14 13 12 11 10 9 8 Y;V 1’;" rgv T“"V r:\;V rzv r:’*’ r(‘;V
s e F T E TN o N e N e o o ey
rw rw w rw rw w rw w rw w rw rw w rw rw w
Bit field Name Description
31:24 Reserved Reserved, the reset value must be maintained.
23 EGB4_DET_EN EMC GB4 detection enable bit (ground bounce detection).
0: Disable
1: Enable
22 EGB3_DET_EN EMC GB3 detection enable bit.
0: Disable
1: Enable
21 EGB2_DET_EN EMC GB2 detection enable bit.
0: Disable
1: Enable
20 EGB1_DET_EN EMC GB1 detection enable bit.
0: Disable
1: Enable
19 EGBN4 DET_EN EMC GBN4 detection enable bit.
0: Disable
1: Enable
18 EGBN3 DET_EN EMC GBN3 detection enable bit.
0: Disable
1: Enable
17 EGBN2 DET_EN EMC GBNZ2 detection enable bit.
0: Disable
1: Enable
16 EGBN1 DET _EN EMC GBNZ1 detection enable bit.
0: Disable
1: Enable
15 ECLAMP4 _DET_EN | EMC CLAMP4 detection enable bit for VDD _4.
0: Disable
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Bit field Name Description

1: Enable

14 ECLAMP3_DET_EN | EMC CLAMP3 detection enable bit for VDD_3.
0: Disable
1: Enable

13 ECLAMP2_DET_EN | EMC CLAMP2 detection enable bit for VDD_2.
0: Disable
1: Enable

12 ECLAMP1_DET_EN | EMC CLAMP1 detection enable bit for VDD_1.
0: Disable
1: Enable

11 EGB4_RST_EN When EMC GB4 detects it, the system resets the enable bit.
0: Disable
1: Enable

10 EGB3_RST_EN When EMC GB3 detects it, the system resets the enable bit.
0: Disable
1: Enable

9 EGB2_RST_EN When EMC GB2 detects it, the system resets the enable bit.
0: Disable
1: Enable

8 EGB1_RST_EN When EMC GBL1 detects it, the system resets the enable bit.
0: Disable
1: Enable

7 EGBN4 _RST EN When EMC GBN4 detects it, the system resets the enable bit.
0: Disable
1: Enable

6 EGBN3 RST EN When EMC GBN3 detects it, the system resets the enable bit.
0: Disable
1: Enable

5 EGBN2_RST _EN When EMC GBN2 is detected, the system resets the enable bit.
0: Disable
1: Enable

4 EGBN1 RST EN When EMC GBN1 is detected, the system resets the enable bit.
0: Disable
1: Enable

3 ECLAMP4_RST_EN | When EMC CLAMP4 detects it, the system resets the enable bit.
0: Disable
1: Enable

2 ECLAMP3_RST_EN | When EMC CLAMP3 detects, the system resets the enable bit.
0: Disable
1: Enable

1 ECLAMP2_RST_EN | When EMC CLAMP?2 detects, the system resets the enable bit.
0: Disable
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Bit field Name Description
1: Enable

0 ECLAMP1_RST_EN | When EMC CLAMP1 detects, the system resets the enable bit.
0: Disable
1: Enable
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8 DMA controller

8.1 Introduction

The DMA controller can access totally 8 AHB slaves: Flash, SRAM, ADC, SDIO, QSPI, ETH, ABP1 and APB2.
DMA Controller is controlled by CPU to perform fast data movement from source to destination. After configuration,
data can be transferred without CPU intervention. Thus, CPU can be released for other computation/control tasks or
save overall system power consumption.

The chip has two DMA (DMA1, DMAZ2) controllers, and each DMA controller has 8 logical channels. Each logic
channel is to serve memory access requests from single or multiple peripherals. Internal arbiter controls the priority
of different DMA channels.

8.2 Main features

16 independently configurable DMA channels: 8 channels each for DMA1 and DMAZ2.
Support three transfer types which are Memory-to-Memory, Memory-to-Peripheral and Peripheral-to-Memory.

Each DMA channel supports hardware requests and software triggers to initiate transfer, and is configured by
software.

Each DMA channel has dedicated software priority level (DMA_CHCFGx.PRIOLVL [1:0] bits, corresponding
to 4 levels of priority) which can be configured individually. Channels with the same software priority level will
further compare hardware index (channel number) to decide final priority (lower index number channel will has
higher priority).

Configurable source and destination size. Address setting should correspond to data size.
Configurable circular transfer mode for each channel.

Each channel has 3 independent event flags and interrupts (Transfer complete, Half transfer, Transfer error), and
1 global interrupt flag (set by logical OR of 3 events).

Access totally 8 AHB slaves: Flash, SRAM, ADC, SDIO, QSPI, ETH, APB1 and APB2.

Configurable data transmit number (0~65535).
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8.3 Block diagram

Figure 8-1 DMA block diagram
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8.4 Function description

DMA controller and Cortex™-M4F core share the same system data bus. When CPU and DMA access the same
target (RAM or peripheral) at the same time, DMA request will suspend CPU from accessing the system bus for
several cycles, and the bus arbiter will perform cyclic scheduling. This allows the CPU to get at least half of the
system bus (memory or peripheral) bandwidth.

8.4.1 DMA operation

A DMA request can be triggered by hardware peripherals or software, and the DMA controller processes the request
according to the priority level of the channel. The data is read from the source address according to the configured
transfer address and bit width, and then the read data is stored in the destination address space. After one operation,
the controller calculates the number of remaining transfers and updates the source address and the destination address
of the next transfer.
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Each DMA data transfer consists of three operations:

B Data access: determine the source address (DMA_PADDRx or DMA_MADDRX) according to the transfer
direction and read data from the source address.

B Data storage: determine the destination address (DMA_PADDRx or DMA_MADDRX) according to the transfer
direction and store the read data into the destination address space.

B Calculate the number of outstanding operations, perform a decrement operation of the DMA_TXNUMX register,
and update the source and destination addresses of the next operation.

8.4.2 Channel priority and arbitration

The DMA uses an arbitration strategy to handle multiple requests from different channels. The priority of each

channel is programmable in the channel control register (DMA_CHCFGX).

4 levels of priority:

€ \ery high priority
¢ High priority

€ Medium priority
¢ Low priority

By default, channel with lower index has higher priority if the programmed priority is the same.

8.4.3 DMA channels and number of transfers

Each channel can perform DMA transfer between the peripheral register at the specified address and the memory
address. The number of data transferred by DMA is programmable, and the maximum supported value is 65535. The
DMA_TXNUM register is decremented after each transfer.

8.4.4 Programmable data bit width

Peripheral and memory transfer data bit width supports byte, half-word and word, which can be programmed through
DMA_CHCFGx.PSIZE and DMA_CHCFGx.MSIZE.

When DMA_CHCFGx.PSIZE and DMA_CHCFGx.MSIZE are different, the DMA module aligns the data according
to the Table 8-1 below.
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Source Destina-|Number
width tion of Source: Transfer operations Destination:
(bit) width |transfer| Address/data (R: Read,W: Write) Address / data
(bit) (bit)
0x0/B0 1: R BO [7:0] @0x0, W B0 [7:0] @0x0 0x0/B0
g g A 0x1/B1 2: R B1[7:0] @0x1, W B1[7:0] @0x1 0x1/B1
0x2 /B2 3: R B2 [7:0] @0x2, W B2 [7:0] @0x2 0x2 /B2
0x3 /B3 4: R B3 [7:0] @0x3, W B3 [7:0] @0x3 0x3 /B3
0x0/ B0 1: R BO [7:0] @0x0, W 00BO [15:0] @0x0 0x0 / 00BO
g 16 A 0x1/B1 2: R B1[7:0] @0x1, W 00B1 [15:0] @0x2 0x2 /00B1
0x2 /B2 3: R B2 [7:0] @0x2, W 00B2 [15:0] @0x4 0x4 / 00B2
0x3/B3 4: R B3 [7:0] @0x3, W 00B3 [15:0] @0x6 0x6 / 00B3
0x0/ B0 1: R BO [7:0] @0x0, W 000000B0 [31:0] @0x0 0x0 / 000000B0
. . A 0x1/B1 2: R B1[7:0] @0x1, W 000000B1 [31:0] @0x4 0x4 / 000000B1
0x2 /B2 3: R B2 [7:0] @0x2, W 000000B2 [31:0] @0x8 0x8 / 000000B2
0x3/B3 4: R B3 [7:0] @0x3, W 000000B3 [31:0] @0xC 0xC / 000000B3
0x0/B1B0 1: R B1BO [15:0] @0x0, W BO [7:0] @0x0 0x0 /B0
0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B2 [7:0] @0x1 0x1/B2
1o 8 4 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B4 [7:0] @0x2 0x2 /B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B6 [7:0] @0x3 0x3/B6
0x0/B1B0 1: R B1BO [15:0] @0x0, W B1B0 [15:0] @0x0 0x0/ B1B0O
0x2 / B3B2 2: R B3B2 [15:0] @0x2, W B3B2 [15:0] @0x2 0x2 / B3B2
1o e 4 0x4 / B5B4 3: R B5B4 [15:0] @0x4, W B5B4 [15:0] @0x4 0x4 / B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W B7B6 [15:0] @0x6 0x6 / B7B6
0x0/B1B0 1: R B1BO [15:0] @0x0, W 0000B1BO0 [31:0] @0x0 0x0 / 0000B1B0O
16 o 4 0x2 / B3B2 2: R B3B2 [15:0] @0x2, W 0000B3B2 [31:0] @0x4 0x4 / 0000B3B2
0x4 / B5B4 3: R B5B4 [15:0] @0x4, W 0000B5B4 [31:0] @0x8 0x8 / 0000B5B4
0x6 / B7B6 4: R B7B6 [15:0] @0x6, W 0000B7B6 [31:0] @OxC 0xC / 0000B7B6
0x0/B3B2B1B0 ([1: R B3B2B1B0 [31:0] @0x0, W B0 [7:0] @0x0 0x0 /B0
” 8 4 0x4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B4 [7:0] @0x1 0x1/B4
0x8 / BBBAB9B8 [3: R BBBAB9BS8 [31:0] @0x8, W B8 [7:0] @0x2 0x2 /B8
0xC / BFBEBDBC ¢: R BFBEBDBC [31:0] @0xC, W BC [7:0] @0x3 0x3/BC
0x0/B3B2B1B0 [1: R B3B2B1B0 [31:0] @0x0, W B1B0 [15:0] @0x0 0x0/B1B0
3 16 4 0x4 / B7B6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B5B4 [15:0] @0x2 0x2 / B5B4
0x8 / BBBAB9B8 [3: R BBBAB9B8 [31:0] @0x8, W B9B8 [15:0] @0x4 0x4 / B9B8
0xC / BFBEBDBC {4: R BFBEBDBC [31:0] @0xC, W BDBC [15:0] @0x6 0x6 / BDBC
0x0/B3B2B1B0 [1: R B3B2B1B0 [31:0] @0x0, W B3B2B1B0 [31:0] @0x0 0x0 / B3B2B1B0
3 3 4 0x4 / B7TB6B5B4 [2: R B7B6B5B4 [31:0] @0x4, W B7B6B5B4 [31:0] @0x4 0x4 / B7TB6B5B4
0x8 / BBBAB9B8 [3: R BBBAB9BS [31:0] @0x8, W BBBAB9BS [31:0] @0x8 0x8 / BBBAB9B8
0xC / BFBEBDBC #4: R BFBEBDBC [31:0] @0xC, W BFBEBDBC [31:0] @0xC | 0xC / BFBEBDBC
Note:
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DMA always provide full 32-bits data to HWDATA[31:0] no matter what destination size it is (HSIZE still follows
destination size setting for device supports byte/half-word operation). The HWDATA[31:0] it provides follow rules
as follow:

® When source size is smaller than destination size, DMA pads the MSB with 0 until their sizes match and
duplicates it to be 32 bits. E.g., source is 8 bits data 0x55 and destination size is 16 bits. DMA pads the source
data with 0 to make it 16 bits and become 0x0055, then duplicate it to 32-bit data 0x0055_0055 and provide to
HWDATA[31:0]; (if destination size is 32-bit then DMA will only pad source data with 0).

® When source size is larger or equal to destination size and smaller than 32 bits, DMA duplicates source data to
32 bits data. E.g., source data is 8 bits data Ox1F, HWDATA[31:0] =0x1F1F_1F1F. if source data is 16 bits data
0x2345, then HWDATA[31:0] = 0x2345_2345.

This guarantees peripherals that only support word operation won’t generate bus error and the desired data can still
move to the place we want with extra bits i.e. 0 padding. If user wants to configure an 8-bit register but is aligned to
a 32-bit address boundary, the source size should be set to 8 bits and destination to 32 bits so extra bits will be padded
with 0.

8.4.5 Peripheral/Memory address incrementation
DMA_CHCFGx.PINC and DMA_CHCFGx.MINC respectively control whether the peripheral address and memory
address are enabled in auto-increment mode. The software cannot (can read) write the address register during transfer.

B [n auto-increment mode, the next address to be transferred is automatically increased according to the data bit
width (1, 2 or 4) after each transfer. The address of the first transfer is stored in DMA_PADDRX or
DMA_MADDRX register.

B In fixed mode, the address is always fixed to the initial address.

At the end of transfer (i.e. the transfer count changes to 0), different processes will be carried out according to whether
the current work is under circular mode or not.

B In acyclic mode, DMA stops after the transfer is completed. To start a new DMA transfer, need to rewrite the
transfer number in the DMA_TXNUMX register with the DMA channel disabled.

B In circular mode, at the end of a transfer, the content of the DMA_TXNUMX register will be automatically
reloaded to its initial value, and the current internal peripheral or memory address register will also be reloaded
to the initial base address set by the DMA_PADDRx or DMA_MADDRX register.

8.4.6 Channel configuration procedure

The detail configuration flow is as below:

1. Configure interrupt mask bits, 1: enable interrupts, O disable interrupts.

2. Configure channel peripheral address and memory address and transfer direction.
3. Configure channel priority, 0: lowest, 3: highest.

4. Configure peripheral and memory address increment.

5. Configure channel transfer block size.
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6. If necessary, configure circular mode.

7. If it is memory to memory, configure MEM2MEM mode.
8. Repeat step 1~8 on channel 1~8.

9. Enable corresponding channel.

If software is used to serve interrupt, software must enquire interrupt status register to check which interrupt occurred
(software needs to write 1 to interrupt flag clear bit to clear the corresponding interrupt). Before enable channel, all
interrupts corresponding to the channel should be cleared.

If the interrupt is transfer complete interrupt, software can configure the next transfer, or report to user this channel
transformation is done.

8.4.7 Flow control

Three major flow controls are supported:
® Memory to memory

® Memory to peripheral

® Peripheral to memory

Flow control is controlled by two register bits in each DMA channel configuration register. Flow control is used to
control source/destination and direction of DMA channel.

Table 8-2 Flow control table

DMA_CHCFGx.MEM2MEM|DMA_CHCFGx.DIR Source Destination Transfer
AHB read to AHB write, can do back2back
1 X Memory Memory
transfer
/AHB Peripheral| AHB read to AHB write, single transfer
0 1 Memory - —
APB Peripheral|  AHB read to APB write, single transfer
AHB o
) AHB read to AHB write, single transfer
0 0 Peripheral Memory
APB Peripheral APB read to AHB write, single transfer

8.4.8 Circular mode

The circular mode is used to process circular buffers and continuous data transmission (such as ADC scan mode).
The DMA_CHCFGx.CIRC is used to enable this function. When the circular mode is activated, if the number of data
to be transferred becomes 0, it will automatically be restored to the initial value when configuring the channel, and
the DMA operation will continue.

If the user wants to turn off the circular mode, the user needs to write 0 to DMA_CHCFGx.CHEN to disable the
DMA channel, and then write 0 to DMA_CHCFGx.CIRC (when DMA_CHCFGx.CHEN is 1, other bits in the
DMA_CHCFGXx register cannot be rewritten).
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8.4.9 Error management

DMA access to a reserved address area will cause DMA transmission errors. When an error occurs, the transfer error
flag is set, and the hardware automatically clears the current DMA channel enable bit (DMA_CHCFGx.CHEN), and
the channel operation is stopped. If the transfer error interrupt enable bit is set in the DMA_CHCFGX register, an
interrupt will be generated.

8.4.10 Interrupt

® Transfer complete interrupt:

An interrupt is generated when channel data transfer is complete. Interrupt is a level signal. Each channel has
its dedicated interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when interrupt
flag clear bit is set.

® Half transfer interrupt:

An interrupt is generated when half of the channel data is transferred. Interrupt is a level signal. Each channel
has its dedicated interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when
interrupt flag clear bit is set.

® Transfer error interrupt:

An interrupt is generated when bus returned error. Interrupt is a level signal. Each channel has its dedicated
interrupt, interrupt mask control and interrupt status bit. interrupt status bit is cleared when interrupt flag clear
bit is set.

Table 8-3 DMA interrupt request

Interrupt event

Event flag bit

Enable control bit

Half transfer HTXF HTXIE
Transfer complete TXCF TXCIE
Transfer error ERRF ERRIE

8.4.11 DMA request mapping

8.4.11.1 DMAJ1 controller

The DMAL request mapping is shown in the following figure. By configuring the registers of the corresponding
peripherals, the DMA requests of each peripheral can be turned on or off independently, and according to the channel
priority, only one request is valid at the same time.
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Hardware request 3 USART3_RX
< TIM1_CH2
Channel 3 TIM3_CH4
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Channel 3 enable bit
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USART1_TX
Hardware request 4 12C2_TX
TIM1_CH4
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12C1_TX
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Table 8-4 DMAL1 request mapping table for each channel
Peripheral | Channel 1 | Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7 | Channel 8
ADC ADC1 - - - - - - ADC2
SPI/12S - SPI1_RX SPI1_TX [SPI2/12S2_RX|SP12/1252_TX - - -
USART |UART5_TX |USART3_TX |USART3_RX [USART1_TX |USART1_RX |[USART2_RX |USART2_TX |[UART5_RX
12C I2C3 TX | 12C3_RX 12C2_TX 12C2_RX 12C1_TX 12C1_RX
TIM1_CH4
TIM1 - TIM1 CH1 | TIM1_CH2 | TIM1_TRIG TIM1_UP TIM1_CH3 - -
TIM1_COM
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Peripheral | Channel 1 | Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7 | Channel 8
TIM2_CH2
TIM2 TIM2_CH3 | TIM2_UP - - TIM2_CH1 - -
TIM2_CH4
TIM3_CH4 TIM3_CH1
TIM3 - TIM3_CH3 - - - -
TIM3_UP TIM3_TRIG
TIM4 TIM4_CH1 - - TIM4_CH2 | TIM4_CH3 - TIM4_UP -

8.4.11.2 DMAZ2 controller

The DMA2 request mapping is shown in the following figure.

priority, only one request is valid at the same time.

191/838

By configuring the registers of the corresponding
peripherals, the DMA requests of each peripheral can be turned on or off independently, and according to the channel
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Figure 8-3 DMAZ2 request mapping

Peripheral request signal
Fixed hardware priority
~ SPI/12S3_RX
High priority UARTE_RX
Hardware request 1 TIM5_CH4
- TIM5_TRIG
Channel 1 . . TIM8_CH3
Software trigger (MEM2MEM bit) (_ TIM8_UP
Channel 1 enable bit
_— SPI/1283_TX
UART6_TX
Hardware request 2 TIMS_CH3
TIM5_UP
TIM8_CH4
Channel 2 -
4—C < CSoﬁmre trigger (MEM2MEM bit) _ Emg{g‘ﬁ
Channel 2 enable bit
_—
UART4_RX
Hardware request 3 TIM6_UP
Channel 3 ) DAC_CHL
Software trigger (MEM2MEM bit) — TIM8_CH1
Channel 3 enable bit
SDIO
Hardware request 4 TIM5_CH2
D TIM7_UP
Channel 4 DAC_CH2
Software trigger (MEM2MEM bhit) -
Channel 4 enable bit
Internal
—
 ADC3
DMA2 request Hardware reguest 5 UART4_TX
chamel 5 D TIM5_CH1
)annel
Software trigger (MEM2MEM bit) — TIM8_CH2
Channel 5 enable bit
_—
Hardware request 6 QSPI_RX
< 12C4_TX
¢ Channel 6 ( < ‘ . . _ UART7_RX
Software trigger (MEM2MEM bit)
Channel 6 enable bit
Hardware request 7 QSPI_TX
i ,; 12C4 RX
Channel 7 UARTZ_TX
Software trigger (MEM2MEM bit)
Channel 7 enable bit
Hardware request 8 ADC4
DVP
Channel 8
v Software trigger (MEM2MEM bhit)
o Channel 8 enable bit
Low priority
Table 8-5 DMAZ2 request mapping table for each channel
Peripheral | Channel 1 Channel 2 Channel 3 | Channel4 | Channel5 | Channel 6 | Channel 7 | Channel 8
ADC - - - - ADC3 - - ADCA4
SPI/12S  |SPI3/12S3_RX|SPI3/12S3_TX - - - QSPI_RX QSPI_TX -
12C4 - - - - - 12C4_TX 12C4_RX -
UART UART6_RX | UART6_TX | UART4_RX - UART4_TX | UART7_RX | UART7_TX -
SDIO - - - SDIO - - - -
TIM5 TIM5_CHA4 TIM5_CH3 - TIM5_CH2 | TIM5_CH1 - - -
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Peripheral | Channel 1 Channel 2 Channel 3 | Channel4 | Channel5 | Channel 6 | Channel 7 | Channel 8
TIM5_TRIG TIM5_UP
TIM6_UP - - - -
TIM6/DAC - - -
DAC_CH1
TIM7_UP - - - -
TIM7/DAC - - - B
DAC_CH2
TIM8_CH4 - - -
TIM8_CH3 -
TIM8 TIM8_TRIG | TIM8_CH1 - TIM8_CH2
TIM8_UP
TIM8_COM
DVP - - - - - - - DVP

8.5 DMA registers

DMAL1 base address: 0x4002_0000;
DMAZ2 base address: 0x4002_0400.

8.5.1 DMA register overview

Table 8-6 DMA register overview

(Offset] Register 5|8 [8[K|&[Q[IJ || [J[[3|3|[5|8(g|J3|a|d|d|S|o|e|~|w|w|[s]|o|~]|d0
|||l lg|lg|le|g|e|g||2|d|d || |||/ || || ||
DMAINTSTS | | X | Qo (x| X |||l | X ||| |(X|[O|o (x| X|O|o|x| X0 |x|(X[O|[o|x|X(omn
000h - GlE|X|o|f|E|F|lo|E|E|f|la|b|E|X|o|E|E|&|la|f|E|F|lo|d|E|X|o|lE|E|¥a
ResetValue | 0 |0 [0 oo o]oJofofololo[oJoJo[o]o]ololoJo[oloJoloJo[o]|o][o]o]o]o
|||l |lg|lg|le|ge|e|g||2|d |3 |||/ || || ||
4 X O o o X O o ['4 X O o ['4 X O o o X O m o X O m @ X O [5} o X |0
ooan| PMAINTELR a1 21 X 1 8 1 E 1R g | B B2 3| E (8 a|8|Z |8 a|8|2|R|a|&|E(8|a|8|Z|R3
O @] (] O O O [®] (] O O [®] (] O O [®] O O O [®] O O O [®] O O O (] O O O |00
ResetValue |0 |0 o oJofofoJofofoJoJoJoloJo[oJo ofoJoJoflofoJoloJo[o]o[o]o]o]o
= g =) 1=y
w — -
s 3 = = Olo|lo | |Y|Y Y=z
S m) b4 = x| X |olw
00gh | DMA-CHCFGL Reserved s a = N HAEHEE I EIXIS
S| = g 2
o
Reset Value oJoJofoJoJoJofJoJoJof[o]o]o/ o]o
DMA_TXNUML NDTX[15:0]
00Ch ™ 2 ecet Value IRESEREL [0JoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
0100 | MA_PADDRL ADDR[31:0]
ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
0140 |PMA_MADDR1 ADDR[31:0]

Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
DMA_CHSEL1 CH_SEL[5:0]
018 ™ 2 eset Value RS 0JoJo]oo]o

=l 2| g | =
2l s | 3| 7 |g|elel=|E|x|5lE
w -
o1ch| PMA_CHCFG2 Reserved % §| N N S|E|c|o|E|E X3
= o = o
o
Reset Value oJoJoJoJoJoJofJoloJof[o]o]o/o]o
DMA_TXNUM2 | NDTX[15:0]
020N ™ 2 et Value REEENEL [0JoJoJoJoJoJoJoJoJoJoJoJoJoo]o
424 | MA_PADDR2 ADDR[31:0]
Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
426 [2MA_MADDR2 ADDRI[31:0]

Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
DMA_CHSEL2 CH_SEL[5:0]
02Ch ™ et Value Reserved 0JoJo]oofo

=l & =) =z
R - EEIEIEEEEE
w =
030h | DMA-CHCFG3 Reserved % S N N S|lz|o|2|F|E (XS
> o = a
o
Reset Value oJoJoJoJoJoJoJolofofoJo]o/o]fo
DMA_TXNUM3 | NDTX[15:0]
034 ™ 2 oot Value REEENEL [0JoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
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offse]  Register sls[[a[r[g[][I[g[[[[a[a]s[s[v[3[a]lg]d]g]e]=][r]e[w]~x]o]~]=]c
+35 | CMA_PADDRS ADDR[31:0]

Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJ]oTJoJo
43ch| PMA_MADDR3 ADDR[31:0]

ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo/oJo
DMA_CHSEL3 CH_SEL[5:0]
040 Reset Value ISR 0O|lO0O]JO]oO{(O]O

z 2 g g
| s T | oo |2lglele|R|X[E
044h DMA_CHCFG4 Reserved % § y’ y’ S I IO T I = B 5
= o = o
o
Reset Value ofJoJoJoJoJoJoJolofofoJo]o/o]o
0agh |PMA_TXNUM4 meserved | NDTX[15:0]
Reset Value eserve [0JoJoJoJoJoJoJoJoJoJoJoJoJoJo]o
04| PMA_PADDR4 ADDR[31:0]
Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
0500 [PMA_MADDR4 ADDR[310]

ResetValue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJo/oJo
DMA_CHSEL4 CH_SEL[5:0]
054 Reset Value ISR 0O[O0O]JO]oO{(O0]O

2l 28| 2|, wlwlulo
S < = = ololx|l=|z=|R
> o z x < |o|@
0sgn| DMA-CHCFGS Reserved % a = § s|: 5|8 % 2 1RS
S o = o
a
Reset Value oJoJofoJoJoJofJoJoJof[o]o]o/o]o
DMA_TXNUMS | NDTX[15:0]
O5Ch ™ peset Value e [oJoJoJoJoJoJoJoJoJoJoJoJoJolJoJo
o601 | MA_PADDRS ADDR[31:0]
Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
o641, IPMA_MADDRS ADDR[31:0]

Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
DMA_CHSELS5 CH_SEL[5:0]
088 ™ 2 eset Value Reserved 0JoJo]oJo]o

A I = I o | wlule
S - — = [} O x = = |=
> w z = X |o|w
o6ch| DMA-CHCFGS Reserved % a = § $|2|5|5 % £ 2|5
S o b3 o
a
Reset Value oJoJoJoJoJoJofJoJoJof[o]o]o/ o]o
DMA_TXNUMS6 | NDTX[15:0]
070N ™ 2 et Value e [0JoJoJoJoJoJoJoJoJoJoJoJo]oJo]o
474 | MA_PADDR6 ADDRI[31:0]
Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
476 [MA_MADDRS ADDRI[31:0]

Resetvalue |0 JoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoJoTJoJo
DMA_CHS