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AT32F423 Series Reference Manual

ARM®-based 32-bit Cortex®-M4F MCU, 64 to 256 KB Flash, sLib, 15 timers,
1 ADC, 18 communication interfaces (CAN and OTGFS)

Core: ARM®32-bit Cortex®M4F CPU with FPU

— 150 MHz maximum frequency, with a Memory
Protection Unit (MPU), single-cycle multiplication
and hardware division

— Floating Point Unit (FPU)
— DSP instructions

timers, each with up to 4 IC/OC/PWM or pulse
counter and quadrature (incremental) encoder input

— 2 x 16-bit basic timers

— 2 x watchdog timers (general WDT and windowed
WWDT)

— SysTick timer: a 24-bit downcounter

Memories B ERTC: enhanced RTC with auto wakeup, alarm,

— 64 to 256 Kbytes of Flash memory subsecond accuracy, hardware calendar and

calibration feature

— 20 Kbytes of boot memory used as a Bootloader or S
as a general instruction/data memory (one-time Up to 18 communication interfaces
configured) — Up to 3 x I2C interfaces (SMBus/PMBus)

— sLib: configurable part of main Flash as a library — Up to 3 x SPIs (36 Mbit/s), all with multiplexed half-
area with code executable but secured, non- duplex I7S; 2 x half-duplex 1?S combined for full-
readable duplex support

— Up to 48 Kbytes of SRAM — Up to 8 x USARTSs support master synchronization

— External memory controller (XMC) with 16-bit data SPI and modem control, ISO7816 interface, LIN,
bus supporting multiplexed PSRAM and NOR IrDA, and RS485 drive enable, TX/RX swap
memories — Upto 2 x CAN (2.0B Active), each with dedicated

XMC as LCD parallel interface, 8080/6800 modes 256KB buffer

Power control (PWC) — USB OTG full speed controller with on-chip PHY,

dedicated 1280KB buffer, supporting crystal-less in

— 2.4V to 3.6 V power supply device mode

— Power-on reset (PO_R)/Iow-voItage reset (LVR), and ~ Infrared transmitter (IRTMR)
power voltage monitor (PVM) . .

CRC calculation unit

— Low-power modes: Sleep, Deepsleep and Standby .
modes 96-bit ID (UID)

— 20 x 32-hit battery powered registers (ERTC_BPR) ™ Debug mode

Clock and reset management (CRM) — SWD and JTAG interfaces

— 4 to 25 MHz crystal (HEXT) Temperature range: -40 to +105°C

" ot el econy e HOK (100w packagin

=25°C, +2.5% a =- o+ °C), wi
automatic clock calibration (ACC) — LQFP100 14 x14 mm LQFP64 10 x 10 mm

— 32 kHz crystal (LEXT) LQFP64 7 x 7 mm LQFP48 7 x 7 mm

— Low speed internal clock (LICK) QFN48 6 x 6 mm QFN36 6 x 6 mm

Analog QFN32 4 x 4 mm

B List of models

— 1 x 12-bit 5.33 MSPS A/D converter, up to 24 input

channels, 12/10/8/6-bit configurable resolution; Internal Flash Model

hardware over-sampling up to equivalent 16-bit

resolution 64 Kbytes AT32F423K8U7-4 AT32F423T8U7
— Temperature sensor (Vrs), internal reference voltage AT32F423C8U7 AT32F423C8T7

(VinTR) AT32F423R8T7-7 AT32F423R8T7
_ 2x 42-01 DIA converters 128 Kbyt ATS3F4Z3KBLT TSR0

- es -
DMA: 14-channel DMA controller AT32F423CBU7 AT32F423CBT7
Up to 87 fast GPIOs AT32F423RBT7-7 AT32F423RBT7
— All mappable on 16 external interrupts (EXINT) AT32F423VBT7
— Almost 5 V-tolerant 256 Kbytes AT32F423KCU7-4 AT32F423TCU7
Up to 15 timers (TMR) AT32F423CCU7 AT32F423CCT7
. . . . AT32F423RCT7-7 AT32F423RCT7

- 1x 16-b|t 7-Channe| advanced timer W|th dead-“me AT32F423VCT7

generator and emergency break
— Up to 8 x16-bit and 1x 32-bit general-purpose
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1 System architecture

AT32F423 series microcontrollers consist of 32-bit ARM ®Cortex®-M4F processor, multiple 16-bit and
32-bit timers, infrared transmitter (IRTMR), DMA controller, ERTC, communication interfaces such as
SPI, I>)C and USART, CAN bus controller, external memory controller (XMC), USB2.0 OTG full-speed
interface, HICK with automatic clock calibration (ACC), 12-bit ADC, 12-bit DAC, programmable voltage
monitor (PVM) and other peripherals. Cortex®-M4F processor supports enhanced high-performance
DSP instruction set, including extended single-cycle 16-bit/32-bit multiply accumulator (MAC), dual 16-
bit MAC instructions, optimized 8-bit/16-bit SIMD operation and saturation operation instructions, and
single-precision (IEEE-754) and floating point unit (FPU), as shown in Figure 1-1.

Figure 1-1 AT32F423 series microcontrollers system architecture
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1.1 System overview

1.1.1 ARM Cortex®-M4F processor

Cortex®-M4F processor is a low-power consumption processor featuring with low gate count, low
interrupt latency and low-cost debug. It supports DSP instruction set and FPU, and it is applicable to
deeply embedded applications that require quicker response to interruption. Cortex®-M4F processor is
based on ARMv7-M architecture, supporting both Thumb instruction set and DSP instruction set.

Figure 1-2 shows the internal block diagram of Cortex®-M4F processor. Please refer to ARM®Cortex-
M4 Technical Reference Manual for more information.

Figure 1-2 Internal block diagram of Cortex®-M4F
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1.1.2 Bit band

With the help of bit-band, read and write access to a single bit can be performed using common
load/store operations. The Cortex®-M4F memory includes two bit-band regions: the least significant 1
Mbyte of SRAM and the least significant 1 Mbyte of peripherals. In addition to access to bit-band
addresses, their respective bit-band alias region can be used to access to any bit in these two bit-band
regions. The bit-band alias region transforms each bit into 32-bit word. Thus, accessing to a bit in an
alias region has the same effect as read-modify-write operation on the corresponding bit in a bit-band
region.
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Figure 1-3 Comparison between bit-band region and its alias region: image A
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Figure 1-4 Comparison between bit-band region and its alias region: image B
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0x2000_00p3 0x20Q0_0po2 Px2700_0001] 0x2(00_p0o0d

Bit-band region: address region for bit-band operations
Bit-band alias region: access to the alias region has the same effect as read-modify-write operation on
the bit-band region

Each bit in a bit-band region is mapped into a word (LSB) in an alias region. When accessing to the
address in a bit-band alias region, such address is transformed into a bit-band address first. For a read
operation, read one word in the bit-band region, and then move the targeted bit to the right to LSB before
returning LSB. For a write operation, first move the targeted bit to the left to the corresponding bit number,
then perform a read-modify-write operation on bit level.

The address ranges of two memories supporting bit-band operations:

Least significant 1 Mbyte in SRAM: 0x2000_0000~0x200F _FFFF

Least significant 1 Mbyte in peripherals: 0x4000_0000~0x400F_FFFF
For a bit in the SRAM bit-band region, if the byte address is A, the bit number is n (0<=n<=7), then the
alias address where the bit is:

AliasAddr = 0x2200_0000+ (A-0x2000_0000)*32+n*4

For a bit in the peripheral bit-band region, if the byte address is A, the bit number is n (0<=n<=7), then
the alias address where the bit is:
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AliasAddr = 0x4200_0000+ (A-0x4000_0000)*32+n*4

Table 1-1 shows the mapping between bit-band region and alias region in SRAM:

Table 1-1 Bit-band address mapping in SRAM

Bit-band region

Equivalent alias address

0x2000_0000.0

0x2200_0000.0

0x2000_0000.1

0x2200_0004.0

0x2000_0000.2

0x2200_0008.0

0x2000_0000.31

0x2200_007C.0

0x2000_0004.0

0x2200_0080.0

0x2000_0004.1

0x2200_0084.0

0x2000_0004.2

0x2200_0088.0

0x200F_FFFC.31

0x23FF_FFFC.0

Table 1-2 shows the mapping between bit-band region and alias region in the peripheral area:

Table 1-2 Bit-band address mapping in the peripheral area

Bit-band region

Equivalent alias address

0x4000_0000.0

0x4200_0000.0

0x4000_0000.1

0x4200_0004.0

0x4000_0000.2

0x4200_0008.0

0x4000_0000.31

0x4200_007C.0

0x4000_0004.0

0x4200_0080.0

0x4000_0004.1

0x4200_0084.0

0x4000_0004.2

0x4200_0088.0

0x400F_FFFC.31

0x43FF_FFFC.0

In terms of bit-band operation, one of the advantages is to control LED ON/OFF independently via GPIO
pins. On the other hand, it brings great convenience for serial interface operations. In short, it is best
suited to hardware I/O-intensive low-level applications.

In addition, bit-band operations can also simplify jump process. When jump operation is based on a bit
level, the previous steps are:

® Read the whole register

® Mask the undesired bits

® Compare and jump

For now, you just need to:
® Read the bit status from the bit-band alias region
® Compare and jump

Apart from making code more concise, its important function is also reflected in multi-task environment.
When it comes to multiple tasks, it turns the read-modify-write operations into a hardware-supported
atomic operation to avoid the scenario where the read-modify-write operation is disrupted, resulting in
disorder.
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1.1.3 Interrupt and exception vectors
Table 1-3 AT32F423 series vector table
Pos. Priority Priority type Name Description Address
- - - Reserved 0x0000_0000
-3 Fixed Reset Reset 0x0000_0004
Non-maskable interrupt
-2 Fixed NMI mllwvc‘;lgg fail detector (CFD) is linked t°0x0000_0008
-1 Fixed HardFault All class of fault 0x0000_000C
0 Configurable MemoryManage Memory management 0x0000_0010
1 Configurable BusFault Pre-fetch fault, memory access fault 0x0000_0014
2 Configurable UsageFault Undefined instruction or illegal state 0x0000_0018
i ) i Reserved 0x0000_001C
~0x0000_002B
3 Configurable SVCall System service call via SWI instruction 0x0000_002C
4 Configurable DebugLENonitor Debug monitor 0x0000_0030
- - - Reserved 0x0000_0034
5 Configurable PendSV Pendable request for system service 0x0000_0038
6 Configurable SysCNTRick System tick timer 0x0000_003C
0 7 Configurable WWDT Window watchdog timer 0x0000_0040
1 8 Configurable PVM PVM from EXINT interrupt 0x0000_0044
2 9 Configurable TAMPER Tamper interrupt 0x0000_0048
3 10 Configurable ERTC_WKUP ERTC wakeup interrupt 0x0000_004C
4 11 Configurable FLASH Flash global interrupt 0x0000_0050
5 12 Configurable CRM ﬁ't‘;f:‘upta”d Reset manage (CRM) 4000 0054
6 13 Configurable EXINTO EXINT line 0 interrupt 0x0000_0058
7 14 Configurable EXINT1 EXINT line 1 interrupt 0x0000_005C
8 15 Configurable EXINT2 EXINT line 2 interrupt 0x0000_0060
9 16 Configurable EXINT3 EXINT line 3 interrupt 0x0000_0064
10 17 Configurable EXINT4 EXINT line 4 interrupt 0x0000_0068
11 18 Configurable DMA1 channel 1 DMA1 channel 1 global interrupt 0x0000_006C
12 19 Configurable DMA1 channel 2 DMA1 channel 2 global interrupt 0x0000_0070
13 20 Configurable DMA1 channel 3 DMA1 channel 3 global interrupt 0x0000_0074
14 21 Configurable DMA1 channel 4 DMA1 channel 4 global interrupt 0x0000_0078
15 22 Configurable DMA1 channel 5 DMA1 channel 5 global interrupt 0x0000_007C
16 23 Configurable DMA1 channel 6 DMA1 channel 6 global interrupt 0x0000_0080
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17 24 Configurable DMA1 channel 7 DMA1 channel 7 global interrupt 0x0000_0084
18 25 Configurable ADC ADC global interrupt 0x0000_0088
19 26 Configurable CAN1_TX CAN1 sent interrupt 0x0000_008C
20 27 Configurable CAN1_RXO0 CAN1 received 0 interrupt 0x0000_0090
21 28 Configurable CAN1_RX1 CAN1 received 1 interrupt 0x0000_0094
22 29 Configurable CAN_SE CAN status error interrupt 0x0000_0098
23 30 Configurable EXINT9_5 EXINT line [9:5] interrupt 0x0000_009C
24 31 Configurable TMR1_BRK_TMR9 ;’:ifrlpbtreak interrupt and TMR9 global 4, 5544 goa0
25 32 Configurable TMR1_0VF_TMR10;'X'§;| ”3‘(;?:]'&‘” interrupt and TMR10 5, 5500 00A4
26 33  Configurable mgL—TRG—HA"L— msl 12%%22 iﬁ{‘e‘iru"g{\"" interrupt and 5, 5560 ooAg
27 34 Configurable TMR1_CH TMR1 channel interrupt 0x0000_00AC
28 35 Configurable TMR2 TMR2 global interrupt 0x0000_00B0O
29 36 Configurable TMR3 TMR3 global interrupt 0x0000_00B4
30 37 Configurable TMR4 TMR4 global interrupt 0x0000_00B8
31 38 Configurable 12C1_EVT 12C1 event interrupt 0x0000_00BC
32 39 Configurable 12C1_ERR 12c1 error interrupt 0x0000_00C0
33 40 Configurable 12C2_EVT 12C2 event interrupt 0x0000_00C4
34 41 Configurable 12C2_ERR 12c2 error interrupt 0x0000_00C8
35 42 Configurable SPI1 SPI1 global interrupt 0x0000_00CC
36 43 Configurable SPI2 SPI2 global interrupt 0x0000_00D0
37 44 Configurable USART1 USART1 global interrupt 0x0000_00D4
38 45 Configurable USART2 USART2 global interrupt 0x0000_00D8
39 46 Configurable USART3 USARTS3 global interrupt 0x0000_00DC
40 47 Configurable EXINT15_10 EXINT line [15:10] interrupt 0x0000_00EO
41 48 Configurable ERTCAlarm ERTC alarm interrupt linked to EXINT  0x0000_O0OOE4
42 49 Configurable OTGFS1_wkup ~O1OFST standby wakeup 0x0000_O00E8
43 50 Configurable TMR12 TMR12 global interrupt 0x0000_00EC
44 51 Configurable TMR13 TMR13 global interrupt 0x0000_00F0
45 52 Configurable TMR14 TMR14 global interrupt 0x0000_00F4
46 53 - - - 0x0000_00F8
47 54 - - - 0x0000_00FC
48 55 - - - 0x0000_0100
49 56 - - - 0x0000_0104
50 57 - - - 0x0000_0108
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51 58 Configurable SPI3 SPI3 global interrupt 0x0000_010C
52 59 Configurable USART4 USART4 global interrupt 0x0000_0110
53 60 Configurable USART5 USARTS5 global interrupt 0x0000_0114
TMRG6 global interrupt
54 61 Configurable TMR6_DAC DAC1 and DAC2 underflow error 0x0000_0118
interrupt
55 62 Configurable TMR7 TMRY7 global interrupt 0x0000_011C
56 63 Configurable DMA2 channel 1 DMA2 channel 1 global interrupt 0x0000_0120
57 64 Configurable DMA2 channel 2 DMAZ2 channel 2 global interrupt 0x0000_0124
58 65 Configurable DMA2 channel 3 DMAZ2 channel 3 global interrupt 0x0000_0128
59 66 Configurable DMA2 channel 4 DMAZ2 channel 4 global interrupt 0x0000_012C
60 67 Configurable DMA2 channel 5 DMA2 channel 5 global interrupt 0x0000_0130
61 68 - - - 0x0000_0134
62 69 - - - 0x0000_0138
63 70 Configurable CAN2_TX CAN2 sent interrupt 0x0000_013C
64 71 Configurable CAN2_RXO0 CANZ2 received 0 interrupt 0x0000_0140
65 72 Configurable CAN2_RX1 CANZ2 received 1 interrupt 0x0000_0144
66 73 Configurable CAN2_SE CANB2 status error interrupt 0x0000_0148
67 74 Configurable OTGFS1 OTGFS1 global interrupt 0x0000_014C
68 75 Configurable DMA2 channel 6 DMAZ2 channel 6 global interrupt 0x0000_0150
69 76 Configurable DMA2 channel 7 DMAZ2 channel 7 global interrupt 0x0000_0154
70 77 - - - 0x0000_0158
71 78 Configurable USART6 USART®6 global interrupt 0x0000_015C
72 79 Configurable 12C3_EVT [2C2 event interrupt 0x0000_0160
73 80 Configurable 12C3_ERR [2C2 error interrupt 0x0000_0164
74 81 - - - 0x0000_0168
75 82 - - - 0x0000_016C
76 83 - - - 0x0000_0170
77 84 - - - 0x0000_0174
78 85 - - - 0x0000_0178
79 86 - - - 0x0-000_017C
80 87 - - - 0x0000_0180
81 88 Configurable FPU FPU exception interrupt 0x0000_0184
82 89 Configurable USART7 USARTY global interrupt 0x0000_0188
83 90 Configurable USARTS8 USARTS global interrupt 0x0000_018C
84 91 - - - 0x0000_0190
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85 92 - - - 0x0000_0194
86 93 - - - 0x0000_0198
87 94 - - - 0x0000_019C
88 95 - - - 0x0000_01A0
89 96 - - - 0x0000_01A4
90 97 - - - 0x0000_01A8
91 98 - - - 0x0000_01AC
92 99 - - - 0x0000_01B0
93 100 - - - 0x0000_01B4
94 101 Configurable DMAMUX DMAMUX overflow interrupt 0x0000_01B8
95 102 - - - 0x0000_01BC
96 103 - - - 0x0000_01CO0
97 104 - - - 0x0000_01C4
98 105 - - - 0x0000_01C8
99 106 - - - 0x0000_01CC
100 107 - - - 0x0000_01D0
101 108 - - - 0x0000_01D4
102 109 - - - 0x0000_01D8
103 110 Configurable ACC ACC global interrupt 0x0000_01DC
1.1.4 System Tick (SysTick)

The System Tick is a 24-bit downcounter. It will be reloaded with the initial value automatically when it
is decremented to zero. It can generate periodic interrupts, so it is often used as multi-task scheduling
counter for embedded operating system, and also to call the periodic tasks for non-embedded system.
The System Tick calibration value is fixed to 9000, which gives a reference time base of 1 ms when the
System Tick clock is set to 9 MHz.

Reset

The processor reads the first two words from the CODE memory after a system reset and before
program execution.
® Get the initial value of the main stack pointer (MSP) from address 0x0000_0000.
® Get the initial value of the program counter (PC) from address 0x0000_0004. This value is a reset

1.1.5

Figure 1-5 Reset process

vector and LSB must be 1. Then take the instructions from the address corresponding to this value.

Read address
0x0000_0000

Fetch MSP

Read address

0x0000_0004 /\

Fetch reset
vector

Read reset vector Read next
address instruction
——————— 1
Fetch 1st : |
instruction ] |
—_—— e — 1

time

Cortex®M4F uses a full stack that increases downward, so the initial value of the main stack pointer
(MSP) must be the end address of the stack memory plus 1. For example, if the stack area is set between
0x2000_7C00 and 0x2000_7FFF, then the initial value of MSP must be defined as 0x2000_8000.
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The vector table follows the initial value of MSP. Cortex®-M4F operates in Thumb state, and thus each
value in the vector table must set the LSB to 1. In Figure 1-6, 0x0000_0101 is used to represent
0x0000_0100. After the instruction at 0x0000_0100 is executed, the program starts running formally.
Before that, it is a must for initializing MSP, because the first instruction may be interrupted by NMI or
other faults before being executed. After the completion of MSP initialization, it is ready to prepare stack
room for its service routines.

Figure 1-6 Example of MSP and PC initialization

Other Memory
Initial SP Value

0x2000 8000 0x2000_8000
0x2000_7FFC 1st push data Stack grows
0x2000_7FF8 2nd push data Stack downward
!_ _____________ | Memory
0x2000_7Co00 !
Other Memory
Code
Boot Code
0x0000_0100 -+
Other Exception
Vectors
0x0000_0004 0x0000_0101 —
0x0000_0000 0x2000_8000

In the AT32F423 series, the main Flash memory, boot memory or SRAM can be remapped to the CODE
area between 0x0000_0000 and 0x07FF_FFFF. nBOOT1 corresponds to the value of the bit nBOOT1
in the SSB of the User System Data (USD). nBOOT1 and BOOTO are used to set the specific memory
from which CODE starts.

{nBOOT1, BOOT0}=00/10: CODE starts from the main Flash memory.
{nBOOT1, BOOT0}=11: CODE starts from boot memory.
{nBOOT1, BOOTO0}=01: CODE starts from SRAM.

After a system reset or when leaving from Standby mode, the pin values of both nBOOT1 and BOOTO
will be relatched.

When CODE starts from SRAM, the status of BOOT is latched, and it is impossible to load a new boot
mode through a system reset. At this point, the power-on reset must be performed to reload a new boot
mode.

Boot memory contains an embedded bootloader program that provides not only Flash programming
function through USART1, USART2 or USB interface, but also provides extra firmware including
communication protocol stacks that can be called for use by software developer through API.

2023.08.02 Page 42 Rev 2.02



:

AT32F423 Series Reference Manual

1.2 List of abbreviations for registers

Table 1-4 List of abbreviations for registers

Register type Description

rw

Software can read and write to this bit.

ro

Software can only read this bit.

WO

Software can only write to this bit. Reading it returns to its reset value.

rrc

Software can read this bit. Reading this bit automatically clears it.

rwOc

Software can read this bit and clear it by writing 0. Writing 1 has no effect on this bit.

rwic

Software can read this bit and clear it by writing 1. Writing 0 has no effect on this bit.

rwis

Software can read this bit and set it by writing 1. Writing 0 has no effect on this bit.

tog

Software can read this bit and toggle it by writing 1. Writing 0 has no effect on this bit.

rwt

Software can read this bit. Writing any value will trigger an event.

resd

Reserved.

1.3 Device characteristics information

Table 1-5 Base address and reset value of registers

Register abbr. Base address Reset value
F_SIZE Ox1FFF F7EOQ OXXXXX
UID[31:0] Ox1FFF F7E8 OXXXXX XXXX
UID[63:32] Ox1FFF F7EC OXXXXX XXXX
UID[95:64] Ox1FFF F7FO0 OXXXXX XXXX

1.3.1 Flash memory size register
This register contains the information about Flash memory size.

Bit

Abbr. Reset value Type Description

Bit 15:0

F_SIZE OXXXXX ro

Flash size, in terms of Kbyte
For example, 0x0040 = 64 Kbytes

1.3.2 Device electronic signature

The device electronic signature contains the memory size and the unique device ID (96 bits). It is stored
in the information block of the Flash memory. The 96-bit ID is unique for any device, and cannot be
altered by users. It can be used for the following:

® Serial number, such as USB string serial number
® Part of security keys

Bit Abbr. Reset value Type Description

Bit 31:0 UID[31:0] OXXXXX XXXX ro UID for bit 31 to bit 0
Bit Abbr. Reset value Type Description

Bit 31:0 UID[63:32] OXXXXX XXXX ro UID for bit 63 to bit 32
Bit Abbr. Reset value Type Description

Bit 31:0 UID[95:64] OXXXXX XXXX ro UID for bit 95 to bit 64

Note: UID[95:88] is Series ID, which is 0x12 for AT32F423.
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2 Memory resources

2.1 Internal memory address map

Internal memory contains program memory (Flash), data memory (SRAM), peripheral registers and core
registers. Their respective address mapping are shown in Figure 2-1

Figure 2-1 AT32F423 address mapping

OX1FFF_FFFF
OX1FFF_FAQO
OX1FFF_F9FF
OX1FFF_F800
OX1FFF_F3FF

OX1FFF_A400
OX1FFF_A3FF

0x0804_0000
0x0803_FFFF

0x0800_0000
OXO7FF_FFFF

0x0000_0000

Reserved

Reserved

Cortex-M4 Internal
Peripherals

User system data

Reserved

Boot memory

XMC Reg

Reserved

Reserved

External memory
(XMC NOR/PSRAM/
SRAM)

Peripherals

Flash memory

Reserved

SRAM

Aliased to Flash or
system memory
according to BOOT
pins configuration

Aliased to Flash or

system memory or

SRAM according to
BOOT pins
configuration

OXFFFF_FFFF
O0XE010_0000
OXEOOF_FFFF
OXE000_0000
OXDFFF_FFFF

0xA000_1000
0xA000_OFFF

0XA000_0000
OX9FFF_FFFF

0x9000_0000
OX8FFF_FFFF

0x6000_0000
OX5FFF_FFFF
0x4000_0000
Ox3FFF_FFFF
0x2000_C000
0x2000_BFFF
0x2000_0000
Ox1FFF_FFFF

0x0000_0000

2.2 Flash memory
AT32F423 series provide up to 256 KB of on-chip Flash memory, supporting a single-cycle 32-bit read
operation.
Refer to Chapter 5 for more details about Flash memory controller and register configuration.
Flash memory organization (256 KB)
The main memory contains bank 1 (256 Kbytes), including 128 sectors, 2 Kbytes per sector.
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Table 2-1 Flash memory organization (256 KB)

Bank Name Address range
Sector 0 0x0800 0000 — 0x0800 07FF
Sector 1 0x0800 0800 — 0x0800 OFFF
Sector 2 0x0800 1000 — 0x0800 17FF
Main memory S:g'gB Sector 3 0x0800 1800 — 0x0800 1FFF
Sector 4 0x0800 2000 — 0x0800 27FF
Sector 127 0x0803 F800 — 0x0803 FFFF

Information block

20 KB bootloader

O0x1FFF A400 — Ox1FFF F3FF

512 B user system area

0x1FFF F800 — Ox1FFF FOFF

Flash memory organization (128 KB)

The main memory contains bank 1 (128 Kbytes), including 128 sectors, 1 Kbyte per sector.
Table 2-2 Flash memory organization (128 KB)

Bank Name Address range
Sector 0 0x0800 0000 — 0x0800 O3FF
Sector 1 0x0800 0400 — 0x0800 07FF
Sector 2 0x0800 0800 — 0x0800 OBFF
Main memory '13;;"}(18 Sector 3 0x0800 0C00 — 0X0800 OFFF
Sector 4 0x0800 1000 — 0x0800 13FF
Sector 127 0x0801 FC00 — 0x0801 FFFF

Information block

20 KB bootloader

0x1FFF A400 — Ox1FFF F3FF

512 B user system data

0x1FFF F800 — Ox1FFF FOFF

Flash memory organization (64 KB)

The main memory contains bank 1 (64 Kbytes), including 64 sectors, 1 Kbyte per sector.
Table 2-3 Flash memory organization (64 KB)

Bank Name Address range
Sector 0 0x0800 0000 — 0x0800 03FF
Sector 1 0x0800 0400 — 0x0800 07FF
Sector 2 0x0800 0800 — 0x0800 OBFF
Main memory Ejlk; Sector 3 0x0800 0COO — 0x0800 OFFF
Sector 4 0x0800 1000 — 0x0800 13FF
Sector 63 0x0800 FC00 — 0x0800 FFFF

Information block

20 KB bootloader

0x1FFF A400 — Ox1FFF F3FF

512 B user system data

0x1FFF F800 — Ox1FFF FOFF
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2.3 SRAM memory

The AT32F423 series contain a 48-KB on-chip SRAM that starts at the address of 0x2000_0000. It can
be accessed by bytes, half-words (16-bit) or words (32-bit).

2.4 Peripheral address map

Table 2-4 Peripheral boundary address

Bus Boundary address Peripherals
0xC000 0000 - OXFFFF FFFF Reserved
0xB0O00 0000 - OXBFFF FFFF Reserved
0xA000 1000 - OXAFFF FFFF Reserved
0xA000 0000 - 0xA000 OFFF XMC_REG
0x9000 0000 - 0x9FFF FFFF Reserved
0x6000 0000 - Ox8FFF FFFF XMC
0x5004 0000 - OX5FFF FFFF Reserved
0x5000 0000 - 0x5003 FFFF OTG_FS1
0x4002 6800 - 0x4FFF FFFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0x4002 4000 - 0x4002 5FFF Reserved

AHB 0x4002 3C00 - 0x4002 3FFF Flash memory interface (FLASH)
0x4002 3800 - 0x4002 3BFF Clock and reset manage (CRM)
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2000 - 0x4002 2FFF Reserved
0x4002 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF GPIO port F
0x4002 1000 - 0x4002 13FF GPIO port E
0x4002 0C00 - 0x4002 OFFF GPIO port D
0x4002 0800 - 0x4002 OBFF GPIO port C
0x4002 0400 - 0x4002 07FF GPIO port B
0x4002 0000 - 0x4002 03FF GPIO port A
0x4001 8000 - 0x4001 FFFF Reserved
0x4001 7C00 - 0x4001 7FFF Reserved
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF ACC

APB2 0x4001 4C00 - 0x4001 73FF Reserved
0x4001 4800 - 0x4001 4BFF TMR11 timer
0x4001 4400 - 0x4001 47FF TMR10 timer
0x4001 4000 - 0x4001 43FF TMRO timer
0x4001 3C00 - 0x4001 3FFF EXINT
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APB1

0x4001 3800 - 0x4001 3BFF SCFG
0x4001 3400 - 0x4001 37FF Reserved
0x4001 3000 - 0x4001 33FF SPI11/1281
0x4001 2400 - 0x4001 2FFF Reserved
0x4001 2000 - 0x4001 23FF ADC
0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF Reserved
0x4001 0000 - 0x4001 O3FF TMR1 timer
0x4000 8000 - 0x4000 FFFF Reserved
0x4000 7C00 - 0x4000 7FFF USARTS8
0x4000 7800 - 0x4000 7BFF USART7
0x4000 7400 - 0x4000 77FF DAC

0x4000 7000 - 0x4000 73FF

Power control (PWC)

0x4000 6C00 - 0x4000 6FFF Reserved
0x4000 6800 - 0x4000 6BFF CAN2
0x4000 6400 - 0x4000 67FF CAN1
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF USART5
0x4000 4C00 - 0x4000 4FFF USART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF SPI3/12S3
0x4000 3800 - 0x4000 3BFF SPI2/12S2
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF Watchdog timer (WDT)
0x4000 2C00 - 0x4000 2FFF Window watchdog timer (WWDT)
0x4000 2800 - 0x4000 2BFF ERTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TMR14 timer
0x4000 1C00 - 0x4000 1FFF TMR13 timer
0x4000 1800 - 0x4000 1BFF TMR12 timer
0x4000 1400 - 0x4000 17FF TMR7 timer
0x4000 1000 - 0x4000 13FF TMR6 timer
0x4000 0CO00 - 0x4000 OFFF Reserved
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0x4000 0800 - 0x4000 OBFF TMR4 timer
0x4000 0400 - 0x4000 O7FF TMR3 timer
0x4000 0000 - 0x4000 O3FF TMR2 timer
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3 Power control (PWC)

3.1 Introduction

For AT32F423 series, its operating voltage supply is 2.4 V ~ 3.6 V, with a temperature range of
-40~+105°C. To reduce power consumption, this series provides three types of power saving modes,
including Sleep, Deepsleep and Standby modes so as to achieve the best tradeoff among the conflicting
demands of CPU operating time, speed and power consumption. The AT32F423 series have two power
domains — VDD/VDDA and1.2 V domain. The VDD/VDDA domain is supplied directly by external power,
and the 1.2 V domain is powered by the embedded LDO in the VDD/VDDA domain.

Figure 3-1 Block diagram of each power supply

VDD Power domain 1.2v Power domain

WDT LICK Digital

Vss sleeping

Wake Up Logic deepsleep| | CPU

| 1/0 Ring

Voo
| POR || PVM || LDO |~— | HICK |
v VDD Power domain
| LEXT || ERTC | POR_BPD
BPR CRM BPDC
Registers Register
VDDA Power domain
(Vss) Vssa
(VDD) VDDA | DAC | | ADC |
(From 2.0 V up to Vppa) VRer+
Temp Sensor
(Vssn) VRer-

3.2 Main features

Two power domains: VDD/VDDA domain and 1.2V domain

Three types of power saving modes: Sleep mode, Deepsleep mode and Standby mode
Internal voltage regulator supplies 1.2 V voltage source for the core domain

Power voltage detector is provided to generate an interrupt or event when the supply voltage is
lower or higher than a programmed threshold

® VDD/VDDA applies independent digital and analog module to reduce noise on external power

3.3 POR/LVR

A POR analog module embedded in the VDD/VDDA domain is used to generate a power reset. The
power reset signal is released at Veor when the VDD is increased from 0 V to the operating voltage, or
it is triggered at Vvr when the VDD drops from the operating voltage to 0 V. During the power-on reset
period, the reset signal has certain amount of time delay compared to VDD boost process. At the same
time, hysteresis occurs in power-on reset (POR) and low voltage reset (LVR).

2023.08.02 Page 49 Rev 2.02




M=

AT32F423 Series

Reference Manual

Figure 3-2 Power-on reset/Low voltage reset waveform
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3.4 Power voltage monitor (PVM)

The PVM is used to monitor the power supply variations. It is enabled by setting the PVMEN bit in the
power control register (PWC_CTRL), and the threshold value for voltage monitor is selected with the

PVMSEL[2:0].

After PVM is enabled, the comparison result between VDD and the programmed threshold is indicated
by the PVMOF bit in the PWC_CTRLSTS register, with the hysteresis voltage VHYS_P being 100 mv.
The PVM interrupt will be generated through the EXTI line 16 when VDD rises above the PVM threshold.

Figure 3-3 PVM threshold and output
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3.5 Power domain

1.2 V domain

1.2 V core domain includes a CPU core, SRAM, embedded digital peripherals and Phase Locked Loop
(PPL). Such power domain is supplied by LDO (voltage regulator).

VDD/VDDA domain

VDD/VDDA domain includes VDD domain and VDDA domain. The VDD domain contains /O circuit,
power-saving mode wakeup circuit, watchdog timer, power-on reset/low voltage reset (POR/LVR), LDO,
ERTC circuit, LEXT and all PAD circuits. The VDDA domain contains DAC/ADC (DA/AD converters),
temperature sensor and so on.

Typically, to ensure a better accuracy of ADC/DAC at a low voltage, the digital circuit is supplied by VDD
while the analog circuit is powered by VDDA. On 64-pin packages and packages with less pins, the
external reference voltage VREF+ and VREF- are connected to VDDA pin and VSSA pin, respectively.

In Run mode, the LDO supplies full power to the 1.2 V core domain. The LDO output voltage is selected
through the PWC_LDOOV register. The maximum operating frequency for the system depends on the
selected output voltage. Refer to AT32F423 Series Datasheet for details.

Note: The LDO output voltage is changeable only when the HEXT or HICK is used as system clock.

LDO output voltage regulation

1) Select HICK or HEXT as system clock

2) Change LDO voltage by setting the LDOOVSEL [1:0] bit

3) Setthe FLASH_PSR register

4) Set the targeted frequency for PLL-related registers, enable PLL, and wait for PLL_STBL

5) Set pre-division factors for AHB and APB

6) Enable auto step-by-step frequency switch function when the PLL frequency is greater than 108
MHz

7) Switch the system clock to PLL

3.6 Power saving modes

When the CPU does not need to be kept running, there are three types of low-power modes available
(Sleep mode, Deepsleep mode and Standby mode) to save power. Users can select the mode that gives
the best compromise according to the low-power consumption, short startup time and available wakeup
sources. In addition, the power consumption in Run mode can be reduced by slowing down the system
clocks or gating the clocks to the APB and AHB peripherals when they are not used.

Sleep mode

The Sleep mode is entered by executing WFI or WFE instruction. There are two options to select the
Sleep mode entry mechanism through the SLEEPONEXIT bit in the Cortex®-M4F system control register.

SLEEP-NOW mode:

When SLEEPDEEP=0 and SLEEPONEXIT=0, the MCU enters Sleep mode as soon as WFI| or WFE
instruction is executed.

SLEEP-ON-EXIT mode:

When SLEEPDEEP=0 and SLEEPONEXIT=1, by executing the WFI instruction, the MCU enters Sleep
mode as soon as the system exits the lowest-priority interrupt service routine.

In Sleep mode, all clocks and LDO work normally except CPU clocks (stopped), and all I/O pins keep

the same state as in Run mode. The LDO provides power (for CPU core, memory and embedded

peripherals) as it is in normal power consumption mode. The LDO output voltage is configurable by the

PWC_LDOOV register.

1) If the WFI is executed to enter Sleep mode, any peripheral interrupt can wake up the device from
Sleep mode.

2) Ifthe WFE is executed to enter Sleep mode, the MCU exits Sleep mode as soon as an event occurs.
The wakeup event can be generated by the following:
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® Enabling a peripheral interrupt (it is not enabled in the NVIC) and enabling the SEVONPEND bit.
When the MCU resumes, the peripheral interrupt pending bit and NVIC channel pending bit must
be cleared.

® Configuring an internal EXINT line as an event mode to generate a wakeup event.

® The wakeup time required by a WFE instruction is the shortest, since no time is wasted on interrupt
entry/exit.

Deepsleep mode

Deepsleep mode is entered by setting the SLEEPDEEP bit in the Cortex®-M4F system control register
and clearing the LPSEL bit in the PWC_CTRL register before executing WFI or WFE instructions.

The LDO status is selected by setting the VRSEL bit in the power control register (PWC_CTRL). When
VRSEL=0, the LDO works in normal mode. When VRSEL=1, the LDO is set in low-power consumption
mode.

In addition, in Deepsleep mode, with VRSEL=1 and LDO being in low-power mode, the power
consumption of the system can be further reduced by setting the VREXLPEN bit.

In Deepsleep mode, all clocks in 1.2 V domain are stopped, and both HICK and HEXT oscillators are

disabled. The LDO supplies power to the 1.2 V domain in normal mode or low-power mode. All I/O pins

keep the same state as in Run mode. SRAM and register contents are preserved.

1) When the Deepsleep mode is entered by executing a WFI instruction, the interrupt generated on
any external interrupt line in Interrupt mode can wake up the system from Deepsleep mode.

2) When the Deepsleep mode is entered by executing a WFE instruction, the event generated on any
external interrupt line in Event mode can wake up the system from Deepsleep mode.

When the MCU exits the Deepsleep mode, the HICK RC oscillator is enabled and selected a system
clock after stabilization. When the LDO operates in low-power mode, an additional wakeup delay is
incurred for the reason that the LDO must be stabilized before the system is waken from the Deepsleep
mode.

Low-power Deepsleep LDO voltage regulation process (note that Sleep and Standby modes have
no such limits)

1) Select HICK as system clock

2) Change LDO voltage to 1 V by setting the LDOOVSEL[1:0] bit and set the VREXLPEN bit

3) Setthe LDO in low-power mode by setting the VRSEL bit

4) System enters Deepsleep state

5) System exits Deepsleep state (if wakeup conditions are met)

6) Change LDO voltage by setting the LDOOVSEL[1:0] bit

7) Setthe FLASH_PSR register

8) If the HEXT is used as PLL clock, enable HEXT and wait for HEXTSTBL

9) Set the targeted frequency for PLL-related registers

10) Enable PLL and wait for PLL_STBL

11) Set pre-division factors for AHB and APB

12) Enable auto step-by-step frequency switch function when PLL frequency is greater than 108 MHz
13) Switch the system clock to the PLL

Note: If the clock, after low-power mode is waken up, needs to keep the same state as in low-power
mode, the above-mentioned steps 7/9/11 can be ignored.

Standby mode

Standby mode can achieve the lowest power consumption for the device. In this mode, the LDO is
disabled. The whole 1.2 V domain, PLL, HICK and HEXT oscillators are also powered off. SRAM and
register contents are lost. Only VDD/VDDA domain remains supplied.

The Standby mode is entered by the following procedures:

—  Setthe SLEEPDEEP bit in the Cortex®-M4F system control register

—  Set the LPSEL bit in the power control register (PWC_CTRL)

—  Clear the SWEF bit in the power control/status register (PWC_CTRLSTS)

—  Execute a WFI or WFE instruction

In Standby mode, all I/O pins remain in a high-impedance state except reset pins, TAMPER pins that
are set as anti-tamper or calibration output, and the wakeup pins enabled.

The MCU exits the Standby mode when a rising edge on the WKUP pin, a rising edge of an ERTC alarm
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event, an ERTC tamper event, ERTC timestamp, ERTC periodic automatic wakeup, an external reset
(NRST pin) or a WDT reset occurs.

Debug mode

By default, the debug connection is lost if the MCU enters Deepsleep mode or Standby mode while
debugging. The reason is that the Cortex®-M4F core is no longer clocked. However, the software can
be debugged even in the low-power mode by setting some configuration bits in the DEBUG register
(DEBUG_CTRL).

3.7 PWC registers

The peripheral registers must be accessed by half-words (16 bits) or words (32 bits).
Table 3-1 PWC register map and reset values

Register abbr. Offset Reset values
PWC_CTRL 0x00 0x0000 0000
PWC_CTRLSTS 0x04 0x0000 0000
PWC_LDOOV 0x10 0x0000 0012

3.7.1 Power control register (PWC CTRL)

Bit

Name

Reset value Type

Description

Bit 31:9

Reserved

0x000000

resd

Kept at its default value.

Bit 8

BPWEN

0x0

Battery powered domain write enable

0: Disabled

1: Enabled

Note:

After reset, the battery powered domain
write access is disabled. To write, this bit
must be set.

Bit 7:5

PVMSEL

0x0

Power voltage monitoring boundary select
000: Unused, not configurable

001: 2.3V

010: 2.4V

011:2.5V

100: 2.6V

101: 2.7V

110: 2.8 V

111: 29V

Bit 4

PVMEN

0x0

Power voltage monitoring enable
0: Disabled
1: Enabled

Bit 3

CLSEF

0x0

wo

Clear SEF flag

0: No effect

1: Clear the SEF flag

Note: This bit is cleared by hardware after
clearing the SEF flag. Reading this bit at
any time will return all zero.

Bit 2

CLSWEF

0x0

wo

Clear SWEF flag

0: No effect

1: Clear the SWEF flag

Note:

Clear the SWEF flag after two system clock
cycles.

This bit is cleared by hardware after
clearing the SWEF flag. Reading this bit at
any time will return all zero.

Bit 1

LPSEL

0x0

Low power mode select when Cortex®-M4F
sleepdeep
0: Enter Deepsleep mode
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1: Enter Standby mode

Bit 0

VRSEL

0x0

Voltage regulator state select when
Deepsleep mode

0: Enabled

1: Low-power consumption mode

3.7.2_Power control/status register (PWC_CTRLSTS)

Bit Name Reset value Type Description
Bit 31:15 Reserved 0x0000 0 resd Kept at its default value.
Standby wake-up pin7 enable
0: Disabled (this pin is used for general-purpose 1/0O)
Bit 14 SWPEN7 0x0 W 1: Enabled (this pin is forced in input pull-down mode,
and no longer used for general-purpose 1/0O)
Note: This bit is cleared by hardware after system
reset.
Standby wake-up pin6 enable
0: Disabled (this pin is used for general-purpose 1/0O)
Bit 13 SWPEN6 0x0 W 1: Enabled (this pin is forced in input pull-down mode,
and no longer used for general-purpose 1/0)
Note: This bit is cleared by hardware after system
reset.
Bit 12:10 Reserved 0x0 resd Kept at its default value.
Standby wake-up pin2 enable
0: Disabled (this pin is used for general-purpose 1/0O)
Bit 9 SWPEN2 0x0 W 1: Enabled (this pin is forced in input pull-down mode,
and no longer used for general-purpose 1/0O)
Note: This bit is cleared by hardware after system
reset.
Standby wake-up pin1 enable
0: Disabled (this pin is used for general-purpose 1/0O)
Bit 8 SWPEN1 0x0 W 1: Enabled (this pin is forced in input pull-down mode,
and no longer used for general-purpose 1/0)
Note: This bit is cleared by hardware after system
reset.
Bit 7:3 Reserved 0x00 resd Kept at its default value.
Power voltage monitoring output flag
0: Power voltage is higher than the threshold
Bit 2 PVMOF 0x0 ro 1: Power voltage is lower than the threshold
Note: The power voltage monitor is stopped in Standby
mode.
Standby mode entry flag
0: Device is not in Standby mode
Bit 1 SEF 0x0 ro 1: Device is in Standby mode
Note: This bit is set by hardware (enter Standby mode)
and cleared by POR/LVR or by setting the CLSEF bit.
Standby wake-up event flag
0: No wakeup event occurred
1: Awakeup event occurred
Note:
This bit is set by hardware (on a wakeup event), and
Bit 0 SWEF 0x0 o cleared by POR/!_VR or by setting the CLSWEF b_it. .
A wakeup event is generated by one of the following:
When the rising edge on the Standby wakeup pin
ocCCurs;
When the ERTC alarm event occurs;
If the Standby wakeup pin is enabled when the
Standby wakeup pin level is high.
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3.7.3 LDO output voltage select register (PWC LDOQOV)

Bit Name Reset value Type Description

Bit 31:5 Reserved 0x0000000 resd Kept at its default value.
Voltage regulator extra low power mode
enable

This bit works together with the LPSEL
and VRSEL bits in the PWC_CTRL
register, and is valid when VRSEL = 1 and
Bit 4 VREXLPEN 0x1 w the chip enters Deepsleep mode.
0: Disabled
1: Enabled
Note: To enable the extra low power
mode, set VREXLPEN before setting the
LPSEL and VRSEL bits.
Bit 3:2 Reserved 0x0 resd Kept at its default value.
LDO output voltage select
00:1.0V
Bit 1:0 LDOOVSEL 0x2 rw 01: Reserved
10: 1.2V
11:1.3V
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4

4.1 Clock

AT32F423 series provide different clock sources:

Figure 4-1 AT32F423
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PLL (phased-locked loops)

LEXT (low speed external crystal)
LICK (low speed internal clock)
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AHB, APB2 and APB1 all support multiple frequency division. The AHB domain has a maximum
frequency of 150 MHz; APB1 is up to 120 MHz and APB2 is up to 150 MHz.

4.1.1

Clock sources

® High-speed external oscillator (HEXT)
The HEXT includes two clock sources: crystal/ceramic resonator and bypass clock.

The HEXT crystal/ceramic resonator is connected externally to a 4~25 MHz HEXT crystal that produces
a highly accurate clock for the system. The HEXT clock signal is not released until it becomes stable.

An external clock source can be provided by HEXT bypass. Its frequency can be up to 25 MHz. The
external clock signal should be connected to the HEXT _IN pin while the HEXT_OUT pin should be
released for GPIO control.

® High-speed inte
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The HICK oscillator is clocked by a high-speed RC in the microcontroller. The internal frequency of the
HICK clock is 48 MHz. Although it is less accurate, its startup time is shorter than the HEXT crystal
oscillator. The HICK clock frequency of each device is calibrated by ARTERY to +1% accuracy (25°C)
in factory. The factory-trimmed value is loaded in the HICKCAL[7: 0] bit of the clock control register. The
RC oscillator speed may be affected by voltage or temperature variations. Thus the HICK frequency can
be trimmed by setting the HICKTRIMI[5: 0] bit in the clock control register.

The HICK clock signal is not released until it becomes stable.

When HICK is used as system clock, set the HICK_TO_SCLK bit in the CRM_MISC2 register by the
following procedures:

1. Set the HICK_TO_SCLK_DIV bit in the CRM_MISC2 register to 0x4
2. Wait for 50 system clock cycles

3. Change the value of HICK_TO_SCLK in the CRM_MISC2 register
4. Set the HICK_TO_SCLK_DIV bit to the desired value

When HICK is used as system clock, set the HICKDIV bit in the CRM_MISC1 register by the following
procedures:

1. Set the HICK_TO_SCLK_DIV bit in the CRM_MISC2 register to 0x4
2. Wait for 50 system clock cycles

3. Set the HICK_TO_SCLK bit in the CRM_MISC2 register to 0x1

4. Change the value of HICKDIV in the CRM_MISC1 register

5. Restore the value of HICK_TO_SCLK bit to the original value

6. Set the HICK_TO_SCLK_DIV bit to the desired value

® PLL clock

The HICK or HEXT clock can be used as an input clock source of the PLL. The PLL input clock, after
being divided by a pre-divider internally, is sent to the VCO for frequency multiplication, and the VCO
output frequency is output after being divided by a post-divider. At the same time, the clock after pre-
divider must remain between 2 MHz and 16 MHz, and the VCO operating frequency must be kept
between 500 MHz and 1000 MHz. The PLL must be configured before being enabled. The reason is that
the configuration parameters cannot be changed once PLL is enabled. The PLL clock signal is not
released before it becomes stable.

PLL formula:

PLL output clock = PLL input clock x PLL frequency multiplication factor / (PLL pre-divider factor x PLL
post-divider factor)

500 MHz <= PLL input clock x PLL frequency multiplication factor / PLL pre-divider factor <= 1000 MHz
2 MHz <= PLL input clock / PLL pre-divider factor <= 16 MHz

For example, when the PLL input clock is 25 MHz, the PLL output frequency = 25 x 192/ (5 x 4)
=240 MHz

® | ow-speed external oscillator (LEXT)

The LEXT oscillator provides two clock sources: LEXT crystal/ceramic resonator and LEXT bypass.
LEXT crystal/ceramic resonator:

The LEXT crystal/ceramic resonator provides a low-power and accurate 32.768 KHz low-speed clock
source. The LEXT clock signal is not released before it becomes stable.

® |LEXT bypass clock

In this mode, an external clock source with a frequency of 32.768 KHz can be provided. The external
clock signal should be connected to the LEXT_IN pin while the LEXT_OUT pin must remain in floating.

® Low-speed internal RC oscillator (LICK)

The LICK oscillator is clocked by an internal low-speed RC oscillator. The clock frequency is between
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30 kHz and 60 kHz. It acts as a clock source that can be kept running in Deepsleep mode and Standby
mode for watchdog and auto wakeup unit.

The LICK clock signal is not released before it becomes stable.

4.1.2 System clock

After a system reset, the HICK oscillator is selected as system clock. The system clock can make flexible
switch among HICK oscillator, HEXT oscillator and PLL clock. However, a switch from one clock source
to another occurs only if the target clock source becomes stable. When the HICK oscillator is used
directly or indirectly through the PLL as the system clock, it cannot be stopped.

4.1.3 Peripheral clock

Most peripherals use HCLK, PCLK1 or PCLK2 clock. The individual peripherals have their dedicated
clocks.

System Tick timer (SysTick) is clocked by HCLK or HCLK/8.
ADC is clocked by HCLK or PLL divided by 2, 3, 4, 5...17.

The timers are clocked by APB1/2. In particular, if the APB prescaler is 1, the timer clock frequency is
equal to that of APB1/2; otherwise, the timer clock frequency doubles that of the APB1/2 frequency.

The USB clock source can be switched between HICK and PLL frequency divider. If the HICK is selected
as a clock source, the USB clock should be set as 48 MHz; If the PLL frequency divider is selected as a
clock source, the USB frequency divider provides 48 MHz USBCLK, and thus the PLL must be set as
(48*N) MHz (N=2,3,4,5...).

ERTC clock source: divided HEXT oscillator, LEXT oscillator and LICK oscillator. Once the clock source
is selected, it cannot be altered unless a reset is performed. When the VDD is powered off, the ERTC
state is not guaranteed because HEXT, LEXT and LICK are all powered off.

I2C1 clock source: system clock SCLK, PCLK1 clock and HICK oscillator.
USART1 clock source: system clock SCLK, PCLK2 clock, HICK oscillator and LEXT oscillator.
USART2/3 clock source: system clock SCLK, PCLK1 clock, HICK oscillator and LEXT oscillator.

Watchdog is clocked by LICK oscillator. If the watchdog is enabled by either hardware option or software
access, the LICK oscillator is forced ON. The clock is provided to the watchdog only after the LICK
oscillator temporization.

4.1.4 Clock fail detector

The clock fail detector (CFD) is designed to respond to HEXT clock failure when the HEXT is used as a
system clock, directly or indirectly. If a failure is detected on the HEXT clock, a clock failure event is sent
to the break input of TMR1/9/10/11/12/13/14 and a CFD interrupt is generated. This interrupt is directly
linked to CPU NMI so that the software can perform rescue operations. The NMI interrupt keeps
executing until the CFD interrupt pending bit is cleared. This is why the CFD interrupt has to be cleared
in the NMI service routine. The HEXT clock failure will result in a switch of the system clock to the HICK
clock, the CFD to be disabled, HEXT clock to be stopped, and even PLL to be disabled if the HEXT clock
is selected as the system clock through PLL.

4.1.5 Auto step-by-step system clock switch

The automatic frequency switch is designed to ensure a smooth and stable switch of system frequency
when the system clock source is switched or when the AHB prescaler factor is changed. Once it is
enabled, the AHB bus is halted by hardware until the completion of the switch. During this switch period,
the DMA remain working, and the interrupt events are recorded and then handled by NVIC when the
AHB bus resumes.

4.1.6 Internal clock output

The microcontroller allows the internal output signal to be output to external CLKOUT pin. That is,
ADCCLK, USB48M, SCLK, LICK, LEXT, HICK, HEXT and PLLCLK can be used as CLKOUT clock.
When being used as the CLKOUT clock output pin, the corresponding GPIO port registers must be
configured accordingly.
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4.1.7 Interrupts

The microcontroller specifies a stable flag for each clock source. As a result, when a clock source is
enabled, it is possible to determine if the clock is stable by checking the flag pertaining to the clock
source. An interrupt request is generated when the interrupt corresponding to the clock source is enabled.

If a failure is detected on the HEXT clock, the CFD interrupt is generated. Such interrupt is directly linked
to CPU NMI.

4.2 Reset
4.2.1 System reset

AT32F423 series provide the following system reset sources:

NRST reset: on the external NRST pin

WDT reset: watchdog overflow

WWDT reset: window watchdog overflow

CPU software reset: Cortex®M4F software reset

Low-power management reset: This type of reset is enabled when entering Standby mode (by
clearing the nSTDBY_RST bit in the user system data area); this type of reset is also enabled when
entering Deepsleep mode (by clearing the nDEPSLP_RST bit in the user system data area).

® When exiting Standby mode

NRST reset, WDT reset, WWDT reset, software reset and low-power management reset set all registers
to their reset values except the clock control/status register (CRM_CTRLSTS) and the register in the
battery powered domain; the reset generated when exiting Standby mode sets all registers to their reset
values except the battery powered domain registers.

Figure 4-2 System reset circuit
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4.2.2 Battery powered domain reset

Battery powered domain has two specific reset sources:

® Software reset: triggered by setting the BPDRST bit in the battery powered domain control
register (CRM_BPDC)

® VDD power on (if it has been powered off).

Software reset affects only the battery powered domain.
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4.3 CRM registers

These peripheral registers have to be accessed by bytes (8 bits), half-words (16 bits) or words (32 bits).
Table 4-1 CRM register map and reset values

Register Offset Reset value
CRM_CTRL 0x000 0x0000 XX83
CRM_PLLCFG 0x004 0x0003 3002
CRM_CFG 0x008 0x4000 0000
CRM_CLKINT 0x00C 0x0000 0000
CRM_AHBRST1 0x010 0x0000 0000
CRM_AHBRST2 0x014 0x0000 0000
CRM_AHBRST3 0x018 0x0000 0000
CRM_APB1RST 0x020 0x0000 0000
CRM_APB2RST 0x024 0x0000 0000
CRM_AHBEN1 0x030 0x0000 0000
CRM_AHBEN2 0x034 0x0000 0000
CRM_AHBEN3 0x038 0x0000 0000
CRM_APB1EN 0x040 0x0000 0000
CRM_APB2EN 0x044 0x0000 0000
CRM_AHBLPEN1 0x050 0x0141 903F
CRM_AHBLPEN2 0x054 0x0000 0080
CRM_AHBLPEN3 0x058 0x0000 0001
CRM_APB1LPEN 0x060 OxF6FE C9F7
CRM_APB2LPEN 0x064 0x2007 5131
CRM_PICLKS 0x068 0x0000 0000
CRM_BPDC 0x070 0x0000 0000
CRM_CTRLSTS 0x074 0x0C00 0000
CRM_MISC1 0x0A0 0x000F 0000
CRM_MISC2 0x0A4 0x0000 000D

4.3.1 Clock control register (CRM_CTRL)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description
Bit 31:26  Reserved 0x00 resd Kept at its default value.
PLL clock stable

This bit is set by hardware after PLL is ready.
0: PLL clock is not ready
1: PLL clock is ready

Bit 25 PLLSTBL 0x0 ro

PLL enable

This bit is set and cleared by software. It can also be

cleared by hardware when entering Standby or Deepsleep
Bit 24 PLLEN 0x0 rw mode. When the PLL clock is used as the system clock,

this bit cannot be cleared.

0: Disabled

1: Enabled

Bit 23:20 Reserved 0x0 resd Kept at its default value.
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Bit 19

CFDEN

0x0

Clock Failure Detection enable
0: Disabled
1: Enabled

Bit 18

HEXTBYPS

0x0

High speed external crystal bypass

This bit can be set by software only when the HEXT is
disabled.

0: Disabled

1: Enabled

Bit 17

HEXTSTBL

0x0

ro

High speed external crystal stable

This bit is set by hardware after HEXT becomes stable.
0: HEXT is not ready

1: HEXT is ready

Bit 16

HEXTEN

0x0

High speed external crystal enable

This bit is set and cleared by software. It can also be
cleared by hardware when entering Standby or Deepsleep
mode. When the HEXT clock is used as the system clock,
this bit cannot be cleared.

0: Disabled

1: Enabled

Bit 15:8

HICKCAL

OxXX

High speed internal clock calibration

The default value of this field is the initial factory
calibration value.

When the HICK output frequency is 48 MHz, it needs
adjust 240 kHz (design value) based on this frequency for
each HICKCAL value change; when HICK output
frequency is 8 MHz, it needs adjust 40 kHz (design value)
based on this frequency for each HICKCAL value change.
Note: This bit can be written only if the
HICKCAL_KEY[7:0] is set as Ox5A.

Bit 7:2

HICKTRIM

0x20

High speed internal clock trimming

These bits work with the HICKCAL[7:0] to determine the
HICK oscillator frequency. The default value is 32, which
can trim the HICK to be +1% accuracy.

Bit 1

HICKSTBL

0x1

ro

High speed internal clock stable

This bit is by hardware after the HICK is ready.
0: Not ready

1: Ready

Bit 0

HICKEN

0x1

High speed internal clock enable

This bit is set and cleared by software. It can also be set
by hardware when exiting Standby or Deepsleep mode.
When a HEXT clock failure occurs, this bit can also be set.
When the HICK is used as the system clock, this bit
cannot be cleared.

0: Disabled

1: Enabled

4.3.2 PLL clock configuration register (CRM_PLLCFG)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit

Name

Reset value

Type

Description

Bit 31:23

Reserved

0x000

resd

Kept at its default value.

Bit 22

PLLRCS

0x0

PLL reference clock select

The PLL reference clock source is selected by setting
this bit to “1” or clearing this bit. It can be written only
when the PLL is disabled.

0: HICK is used as PLL reference clock

1: HEXT is used as PLL reference clock

Bit 21:19

Reserved

0x0 resd

Kept at its default value.
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PLL post-division
PLL_FR range (0~5)
000: PLL post-division=1
001: PLL post-division=2
010: PLL post-division=4

Bit 18:16 PLL FR 0x3 rw 011: PLL post-division=8

- 100: PLL post-division=16

101: PLL post-division=32
Others: Reserved
Attention should be paid to the correlation between the
PLL_FR value and post-division factor.

Bit 15 Reserved 0x0 resd Kept at its default value.
PLL multiplication factor
PLL_NS range (31~500)
000000000 ~ 000011110: Forbidden
000011111: 31

, 000100000: 32
Bit 14:6 PLL_NS 0x0CO rw 000100001: 33

111110011: 499
111110100: 500
111110101~111111111: Forbidden

Bit 5:4 Reserved 0x0 resd Kept at its default value.
PLL pre-division
PLL_MS range (1~15)
0000: Forbidden
0001: 1

Bit 3:0 PLL_MS 0x2 rw 0010: 2
0011: 3

1110: 14
1111: 15

Note: PLL clock formulas:

PLL output clock = PLL input clock x PLL frequency multiplication factor / (PLL pre-divider factor x
PLL post-divider factor)

500 MHz <= PLL input clock x PLL frequency multiplication factor / PLL pre-divider factor <= 1000
MHz

2 MHz <= PLL input clock / PLL pre-divider factor <= 16 MHz

4.3.3 Clock configuration register (CRM_CFG)

Access: 0 to 2 wait states, accessible by words, half-words and bytes. 1 or 2 wait states are inserted
only when the access occurs during a clock source switch.
Bit Name Reset value Type Description

Clock output selection 1
This field is set and cleared by software.
00: System clock (SCLK) selected
01: Secondary clock output selected by the
CLKOUT_SELZ2 bit in the CRM_MISC1 register
) 10: External oscillator clock (HEXT) selected

Bit 31:30 CLKOUT_SEL1 0x1 rw 11: PLL clock output
Note: This clock out may be cut off during the startup and
switch of CLKOUT clock source. While being used as an
output to the CLKOUT pin, the system clock output must
be no more than 50 MHz (the maximum frequency of an
10 port).
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Bit 29:27

CLKOUTDIV1

0x0

Clock output division1
Oxx: CLKOUT

100: CLKOUT/2

101: CLKOUT/3

110: CLKOUT/4

111: CLKOUT/5

Bit 26:21

Reserved

0x00

resd

Kept at its default value.

Bit 20:16

ERTCDIV

0x00

HEXT division for ERTC clock

This field is set and cleared by software to divide the

HEXT for ERTC clock.

These bits must be configured before selecting the ERTC

clock source.
00000: Forbidden
00001: Forbidden
00010: HEXT/2
00011: HEXT/3
00100: HEXT/4

11110: HEXT/30
11111: HEXT/31

Bit 15:13

APB2DIV

0x0

APB2 division

The divided HCLK is used as APB2 clock.

Oxx: not divided
100: divided by 2
101: divided by 4
110: divided by 8
111: divided by 16

Bit 12:10

APB1DIV

0x0

APB1 division

The divided HCLK is used as APB1 clock.

0xx: not divided
100: divided by 2
101: divided by 4
110: divided by 8
111: divided by 16

Bit 9:8

Reserved

0x0

resd

Kept at its default value.

Bit 7:4

AHBDIV

0x0

AHB division
Oxxx: SCLK not divided

1000: SCLK divided by 2  1100: SCLK divided by 64
1001: SCLK divided by 4 1101: SCLK divided by 128
1010: SCLK divided by 8 1110: SCLK divided by 256
1011: SCLK divided by 16 1111: SCLK divided by 512
Note: Enable auto step-by-step system clock switch by
setting the AUTO_STEP_EN bit before modifying the

AHBDIV bit.

Bit 3:2

SCLKSTS

0x0

ro

System clock select status

00: HICK

01: HEXT

10: PLL/2

11: Reserved. Kept at its default value.

Bit 1:0

SCLKSEL

0x0

System clock select

00: HICK

01: HEXT

10: PLL/2

11: Reserved. Kept at its default value.

Note: Enable auto step-by-step system clock switch by
setting the AUTO_STEP_EN bit before modifying the

SCLKSEL bit.
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4.3.4 Clock interrupt register (CRM_CLKINT)

Access: 0 wait state, accessible by words, half-words and bytes.
Bit Name Reset value Type Description
Bit 31:24 Reserved 0x00 resd  Kept atits default value.

Clock failure detection interrupt clear
Writing 1 by software to clear CFDF.

Bit 23 CFDFC 0x0 wo 0: No effect
1: Clear
Bit 22:21 Reserved 0x0 resd Kept at its default value.

PLL stable flag clear

. Writing 1 by software to clear PLLSTBLF.
Bit 20 PLLSTBLFC 0x0 wo 0: No effect

1: Clear
HEXT stable flag clear

. Writing 1 by software to clear HEXTSTBLF.
Bit 19 HEXTSTBLFC 0x0 wo 0: No effect

1: Clear
HICK stable flag clear

) Writing 1 by software to clear HICKSTBLF.
Bit 18 HICKSTBLFC 0x0 wo 0: No effect

1: Clear
LEXT stable flag clear

) Writing 1 by software to clear LEXTSTBLF.
Bit 17 LEXTSTBLFC 0x0 wo 0: No effect

1: Clear
LICK stable flag clear

. Writing 1 by software to clear LICKSTBLF.
Bit 16 LICKSTBLFC 0x0 wo 0: No effect

1: Clear

Bit 15113 Reserved 0x0 resd  Keptatits default value.
PLL stable interrupt enable

Bit 12 PLLSTBLIEN 0x0 rw 0: Disabled
1: Enabled

HEXT stable interrupt enable

Bit 11 HEXTSTBLIEN 0x0 rw 0: Disabled
1: Enabled

HICK stable interrupt enable

Bit 10 HICKSTBLIEN 0x0 rw 0: Disabled
1: Enabled

LEXT stable interrupt enable

Bit 9 LEXTSTBLIEN 0x0 rw 0: Disabled
1: Enabled

LICK stable interrupt enable

Bit 8 LICKSTBLIEN 0x0 rw 0: Disabled
1: Enabled

Clock Failure Detection flag
This bit is set by hardware when the HEXT clock failui

Bit 7 CFDF 0x0 ro occurs.
0: No clock failure

1: Clock failure

Bit 6:5 Reserved 0x0 resd Kept at its default value.
PLL stable flag

. Set by hardware.
Bit 4 PLLSTBLF 0x0 ro 0: PLL is not ready

1: PLL is ready

HEXT stable flag

_ Set by hardware.
Bit 3 HEXTSTBLF 0x0 ro 0: HEXT is not ready

1: HEXT is ready
HICK stable flag
Set by hardware.

Bit 2 HICKSTBLF 0x0 ro 0: HICK is not ready
1: HICK is ready
' LEXT stable flag
Bit 1 LEXTSTBLF 0x0 ro

Set by hardware.
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0: LEXT is not ready
1: LEXT is ready
LICK stable flag
. Set by hardware.

Bit 0 LICKSTBLF 0x0 ro 0: LICK is not ready

1: LICK is ready
4.3.5 AHB peripheral reset register 1 (CRM_AHBRST1)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description

Bit 31:25  Reserved 0x00 resd  Kept atits default value.
DMAZ2 reset

Bit 24 DMA2RST 0x0 w 0: Does not reset DMA2
1: Reset DMA2

Bit 23 Reserved 0x0 resd Kept at its default value.
DMAA1 reset

Bit 22 DMA1RST 0x0 w 0: Does not reset DMA1
1: Reset DMA1

Bit 21:13  Reserved 0x000 resd  Keptatits default value.
CRC reset

Bit 12 CRCRST 0x0 w 0: Does not reset CRC
1: Reset CRC

Bit 11:6  Reserved 0x00 resd  Keptatits default value.
1O port F reset

Bit 5 GPIOFRST 0x0 w 0: Does not reset 10 port F
1: Reset IO port F
10 port E reset

Bit 4 GPIOERST 0x0 w 0: Does not reset 10 port E
1: Reset IO port E
1O port D reset

Bit 3 GPIODRST 0x0 w 0: Does not reset 10 port D
1: Reset IO port D
1O port C reset

Bit 2 GPIOCRST 0x0 w 0: Does not reset 10 port C
1: Reset IO port C
10 port B reset

Bit 1 GPIOBRST 0x0 w 0: Does not reset 10 port B
1: Reset |10 port B
1O port A reset

Bit 0 GPIOARST 0x0 w 0: Does not reset 10 port A
1: Reset IO port A

4.3.6 AHB peripheral reset register 2 (CRM_AHBRST?2)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description

Bit31:8  Reserved 0x000000 resd  Keptatits default value.
OTGFS1 reset

Bit7 OTGFS1RST 0x0 w 0: Does not reset OTGFS1
1: Reset OTGFS1

Bit 6:0 Reserved 0x00 resd  Keptatits default value.
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4.3.7 AHB peripheral reset register 3 (CRM_AHBRST3)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description

Bit 31:1 Reserved 0x00000000 resd  Keptatits default value.
XMC reset

Bit 0 XMCRST 0x0 w 0: Does not reset XMC
1: Reset XMC

4.3.8 APB1 peripheral reset register (CRM_APB1RST)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit

Name

Reset value

Type

Description

Bit 31

USART8RST

0x0

USARTS reset
0: Does not reset USART8
1: Reset USARTS8

Bit 30

USART7RST

0x0

USARTY reset
0: Does not reset USART7
1: Reset USART7

Bit 29

DACRST

0x0

DAC interface reset
0: Does not reset DAC interface
1: Reset DAC interface

Bit 28

PWCRST

0x0

Power interface reset
0: Does not reset power interface
1: Reset power interface

Bit 27

Reserved

0x0

resd

Kept at its default value.

Bit 26

CAN2RST

0x0

CAN2 reset
0: Does not reset CAN2
1: Reset CAN2

Bit 25

CAN1RST

0x0

CAN1 reset
0: Does not reset CAN1
1: Reset CAN1

Bit 24

Reserved

0x0

resd

Kept at its default value.

Bit 23

[2C3RST

0x0

I2C3 reset
0: Does not reset 12C3
1: Reset I2C3

Bit 22

[2C2RST

0x0

I2C2 reset
0: Does not reset 12C2
1: Reset 12C2

Bit 21

[2C1RST

0x0

I2C1 reset
0: Does not reset 12C1
1: Reset 12C1

Bit 20

USART5RST

0x0

USARTS5 reset
0: Does not reset USART5
1: Reset USART5

Bit 19

USART4RST

0x0

USART4 reset
0: Does not reset USART4
1: Reset USART4

Bit 18

USART3RST

0x0

USARTS3 reset

Set and cleared by software.
0: No effect

1: Reset USART3

Bit 17

USART2RST

0x0

USART2 reset
0: Does not reset USART2
1: Reset USART?2

Bit 16

Reserved

0x0

resd

Kept at its default value.

Bit 15

SPI3RST

0x0

SPI3 reset
0: Does not reset SPI3
1: Reset SPI3

Bit 14

SPI2RST

0x0

SPI2 reset
0: Does not reset SPI2
1: Reset SPI2

Bit 13:12

Reserved

0x0

Kept at its default value.
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Window watchdog reset
Bit 11 WWDTRST 0x0 rw 0: Does not reset window watchdog
1: Reset window watchdog
Bit 10:9  Reserved 0x0 resd  Kept atits default value.
Timer14 reset
Bit 8 TMR14RST 0x0 w 0: Does not reset Timer14
1: Reset Timer14
Timer13 reset
Bit 7 TMR13RST 0x0 w 0: Does not reset Timer13
1: Reset Timer13
Timer12 reset
Bit 6 TMR12RST 0x0 w 0: Does not reset Timer12
1: Reset Timer12
Timer7 reset
Bit 5 TMR7RST 0x0 w 0: Does not reset Timer7
1: Reset Timer7
Timer6 reset
Bit 4 TMR6RST 0x0 w 0: Does not reset Timer6
1: Reset Timer6
Bit 3 Reserved 0x0 resd Kept at its default value.
Timer4 reset
Bit 2 TMR4RST 0x0 w 0: Does not reset Timer4
1: Reset Timer4
Timer3 reset
Bit 1 TMR3RST 0x0 w 0: Does not reset Timer3
1: Reset Timer3
Timer2 reset
Bit 0 TMR2RST 0x0 w 0: Does not reset Timer2
1: Reset Timer2
4.3.9 APB2 peripheral reset register (CRM_APB2RST)
Access: 0 wait state, accessible by words, half-words and bytes.
Bit Name Reset value Type Description
Bit 31:30 Reserved 0x0 resd  Kept atits default value.
ACC reset
Bit 29 ACCRST 0x0 w 0: Does not reset ACC
1: Reset ACC
Bit 28:19  Reserved 0x000 resd  Kept atits default value.
Timer11 reset
Bit 18 TMR11RST 0x0 w 0: Does not reset Timer11
1: Reset Timer11
Timer10 reset
Bit 17 TMR10RST 0x0 w 0: Does not reset Timer10
1: Reset Timer10
Timer9 reset
Bit 16 TMRORST 0x0 w 0: Does not reset Timer9
1: Reset Timer9
Bit 15 Reserved 0x0 resd Kept at its default value.
SCFG reset
Bit 14 SCFGRST 0x0 w 0: Does not reset SCFG
1: Reset SCFG
Bit 13 Reserved 0x0 resd Kept at its default value.
SPI1 reset
Bit 12 SPI1RST 0x0 w 0: Does not reset SPI1
1: Reset SPI1
Bit 11:9 Reserved 0x0 resd  Kept atits default value.
ADC interface reset
Bit 8 ADCRST 0x0 w 0: Does not reset ADC interface
1: Reset ADC interface
Bit 7:6 Reserved 0x0 resd Kept at its default value.
. USARTBSG reset
Bit 5 USARTERST 0x0 w 0: Does not reset USART6
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1: Reset USART6
USART1 reset)
Bit 4 USART1RST 0x0 w 0: Does not reset USART1
1: Reset USART1
Bit 3:1 Reserved 0x0 resd  Keptatits default value.
TMR1 timer reset)
Bit 0 TMR1RST 0x0 w 0: Does not reset TMR1
1: Reset TMR1
4.3.10 AHB peripheral clock enable register 1 (CRM_AHBEN1)
Access: 0 wait state, accessible by words, half-words and bytes.
Bit Name Reset value Type Description
Bit 31:25 Reserved 0x00 resd  Keptatits default value.
DMAZ2 clock enable
Bit 24 DMAZ2EN 0x0 rw 0: Disabled
1: Enabled
Bit 23 Reserved 0x0 resd Kept at its default value.
DMA1 clock enable
Bit 22 DMA1EN 0x0 rw 0: Disabled
1: Enabled
Bit 21:13  Reserved 0x000 resd  Keptatits default value.
CRC clock enable
Bit 12 CRCEN 0x0 rw 0: Disabled
1: Enabled
Bit 11:6 Reserved 0x00 resd  Keptatits default value.
10 port F clock enable
Bit 5 GPIOFEN 0x0 rw 0: Disabled
1: Enabled
IO port E clock enable
Bit 4 GPIOEEN 0x0 rw 0: Disabled
1: Enabled
10 port D clock enable
Bit 3 GPIODEN 0x0 rw 0: Disabled
1: Enabled
IO port C clock enable
Bit 2 GPIOCEN 0x0 rw 0: Disabled
1: Enabled
IO port B clock enable
Bit 1 GPIOBEN 0x0 rw 0: Disabled
1: Enabled
IO port A clock enable
Bit 0 GPIOAEN 0x0 rw 0: Disabled
1: Enabled
4.3.11 AHB peripheral clock enable register 2 (CRM_AHBEN2)
Access: 0 wait state, accessible by words, half-words and bytes.
Bit Name Reset value Type Description
Bit 31:8 Reserved 0x000000 resd Kept at its default value.
OTGFS1 clock enable
Bit 7 OTGFS1EN 0x0 rw 0: Disabled
1: Enabled
Bit 6:0 Reserved 0x00 resd  Kept atits default value.
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4.3.12 AHB peripheral clock enable register 3 (CRM_AHBEN3)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description

Bit 31:1 Reserved 0x00000000 resd  Kept atits default value.
XMC clock enable

Bit 0 XMCEN 0x0 rw 0: Disabled
1: Enabled

4.3.13 APBI1 peripheral clock enable register (CRM_APB1EN)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit

Name

Reset value

Type

Description

Bit 31

USARTSEN

0x0

USARTS clock enable
0: Disabled
1: Enabled

Bit 30

USART7EN

0x0

USARTY clock enable
0: Disabled
1: Enabled

Bit 29

DACEN

0x0

DAC interface clock enable

0: Disabled
1: Enabled

Bit 28

PWCEN

0x0

Power interface clock enable

0: Disabled
1: Enabled

Bit 27

Reserved

0x0

resd

Kept at its default value.

Bit 26

CANZ2EN

0x0

CAN2 clock enable
0: Disabled
1: Enabled

Bit 25

CAN1EN

0x0

CAN1 clock enable
0: Disabled
1: Enabled

Bit 24

Reserved

0x0

resd

Kept at its default value.

Bit 23

I2C3EN

0x0

I2C3 clock enable
0: Disabled
1: Enabled

Bit 22

[2C2EN

0x0

I2C2 clock enable
0: Disabled
1: Enabled

Bit 21

I2C1EN

0x0

I2C1 clock enable
0: Disabled
1: Enabled

Bit 20

USARTS5EN

0x0

USARTS5 clock enable
0: Disabled
1: Enabled

Bit 19

USART4EN

0x0

USART4 clock enable
0: Disabled
1: Enabled

Bit 18

USART3EN

0x0

USARTS3 clock enable
0: Disabled
1: Enabled

Bit 17

USART2EN

0x0

USART2 clock enable
0: Disabled
1: Enabled

Bit 16

Reserved

0x0

resd

Kept at its default value.

Bit 15

SPI3EN

0x0

SPI3 clock enable
0: Disabled
1: Enabled

Bit 14

SPI2EN

0x0

SPI 2 clock enable
0: Disabled
1: Enabled

Bit 13:12

Reserved

0x0

resd

Kept at its default value.

Bit 11

WWDTEN

0x0

rw

Window watchdog clock enable
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0: Disabled
1: Enabled

Bit 10:9

Reserved

0x0

resd

Kept at its default value.

Bit 8

TMR14EN

0x0

Timer14 clock enable
0: Disabled
1: Enabled

Bit 7

TMR13EN

0x0

Timer13 clock enable
0: Disabled
1: Enabled

Bit 6

TMR12EN

0x0

Timer12 clock enable
0: Disabled
1: Enabled

Bit 5

TMR7EN

0x0

Timer 7 clock enable
0: Disabled
1: Enabled

Bit 4

TMRGEN

0x0

Timer 6 clock enable
0: Disabled
1: Enabled

Bit 3

Reserved

0x0

resd

Kept at its default value.

Bit 2

TMR4EN

0x0

Timer 4 clock enable
0: Disabled
1: Enabled

Bit 1

TMR3EN

0x0

Timer 3 clock enable
0: Disabled
1: Enabled

Bit 0

TMR2EN

0x0

Timer 2 clock enable
0: Disabled
1: Enabled

4.3.14 APB2 peripheral clock enable register (CRM_APBZ2EN)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description
Bit 31:30  Reserved 0x0 resd  Keptatits default value.
ACC clock enable
Bit 29 ACCEN 0x0 rw 0: Disabled
1: Enabled
Bit 28:19  Reserved 0x00 resd  Kept atits default value.
Timer11 clock enable
Bit 18 TMR11EN 0x0 rw 0: Disabled
1: Enabled
Timer10 clock enable
Bit 17 TMR10EN 0x0 rw 0: Disabled
1: Enabled
Timer9 clock enable
Bit 16 TMR9EN 0x0 rw 0: Disabled
1: Enabled
Bit 15 Reserved 0x0 resd Kept at its default value.
SCFG clock enable
Bit 14 SCFGEN 0x0 w 0: Disabled
1: Enabled
Bit 13 Reserved 0x0 resd Kept at its default value.
SPI1 clock enable
Bit 12 SPIMEN 0x0 rw 0: Disabled
1: Enabled
Bit 11:9 Reserved 0x0 resd  Keptatits default value.
ADC interface clock enable
Bit 8 ADCEN 0x0 rw 0: Disabled
1: Enabled
Bit 7:6 Reserved 0x0 resd Kept at its default value.
USART®6 clock enable
Bit 5 USART6EN 0x0 rw 0: Disabled
1: Enabled
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USART1 clock enable

Bit 4 USART1EN 0x0 rw 0: Disabled
1: Enabled
Bit 3:1 Reserved 0x0 resd Kept at its default value.
TMR1 timer clock enable
Bit 0 TMR1EN 0x0 rw 0: Disabled
1: Enabled

4.3.15 AHB peripheral clock enable in low power mode register
(CRM_AHBLPENL1)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description

Bit 31:25 Reserved 0x00 resd  Keptatits default value.

DMAZ2 clock enable in Sleep mode
Bit 24 DMA2LPEN 0x1 rw 0: Disabled

1: Enabled
Bit 23 Reserved 0x0 resd Kept at its default value.

DMAA1 clock enable in Sleep mode
Bit 22 DMA1LPEN 0x1 rw 0: Disabled

1: Enabled
Bit21:17  Reserved 0x00 resd  Keptatits default value.

SRAM clock enable in Sleep mode

Bit 16 SRAMLPEN 0x1 rw 0: Disabled
1: Enabled

FLASH clock enable in Sleep mode
Bit 15 FLASHLPEN 0x1 rw 0: Disabled
1: Enabled
Bit 14:13  Reserved 0x0 resd  Keptatits default value.
CRC clock enable in Sleep mode
Bit 12 CRCLPEN 0x1 rw 0: Disabled
1: Enabled
Bit 11:6 Reserved 0x0 resd  Keptatits default value.
IO port F clock enable in Sleep mode

Bit5 GPIOFLPEN 0x1 rw 0: Disabled

1: Enabled

IO port E clock enable in Sleep mode
Bit 4 GPIOELPEN 0x1 rw 0: Disabled

1: Enabled

IO port D clock enable in Sleep mode
Bit 3 GPIODLPEN 0x1 rw 0: Disabled

1: Enabled

IO port C clock enable in Sleep mode
Bit 2 GPIOCLPEN 0x1 rw 0: Disabled

1: Enabled

10 port B clock enable in Sleep mode
Bit 1 GPIOBLPEN 0x1 rw 0: Disabled

1: Enabled

IO port A clock enable in Sleep mode

Bit 0 GPIOALPEN 0x1 rw 0: Disabled
1: Enabled
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4.3.16 AHB peripheral clock enable in low power mode register 2
(CRM_AHBLPEN?2)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description
Bit 31:8 Reserved 0x000000 resd  Keptatits default value.
OTGFS1 clock enable in Sleep mode
Bit 7 OTGFS1LPEN 0x1 rw 0: Disabled
1: Enabled
Bit 6:0 Reserved 0x00 resd  Keptatits default value.

4.3.17 AHB peripheral clock enable in low power mode register 3
(CRM_AHBLPENR3)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description
Bit31:1  Reserved 0x00000000 resd  Kept atits default value.

XMC clock enable in Sleep mode
Bit 0 XMCLPEN 0x1 w 0: Disabled

1: Enabled

4.3.18 APB1 peripheral clock enable in low power mode register
(CRM_APB1LPEN)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit

Name

Reset value

Type

Description

Bit 31

USARTS8LPEN

0x1

USARTS clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 30

USART7LPEN

0x1

USARTY clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 29

DACLPEN

0x1

DAC interface clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 28

PWCLPEN

0x1

Power interface clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 27

Reserved

0x0

Kept at its default value.

Bit 26

CAN2LPEN

0x1

CANZ2 clock enable in Sleep mode)
0: Disabled
1: Enabled

Bit 25

CAN1LPEN

0x1

CAN1 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 24

Reserved

0x0

Kept at its default value.

Bit 23

[2C3LPEN

0x1

I2C3 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 22

[2C2LPEN

0x1

[2C2 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 21

[2C1LPEN

0x1

I2C1 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 20

USARTSLPEN

0x1

USARTD5 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 19

USART4LPEN

0x1

USART4 clock enable in Sleep mode
0: Disabled
1: Enabled
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Bit 18

USART3LPEN

0x1

USARTS3 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 17

USART2LPEN

0x1

USART2 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 16

Reserved

0x0

resd

Kept at its default value.

Bit 15

SPI3LPEN

0x1

SPI3 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 14

SPI2LPEN

0x1

SPI 2 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 13:12

Reserved

0x0

resd

Kept at its default value.

Bit 11

WWDTLPEN

0x1

Window watchdog clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 10:9

Reserved

0x0

resd

Kept at its default value.

Bit 8

TMR14LPEN

0x1

Timer14 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 7

TMR13LPEN

0x1

Timer13 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 6

TMR12LPEN

0x1

Timer12 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 5

TMR7LPEN

0x1

Timer 7 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 4

TMRGLPEN

0x1

Timer 6 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 3

Reserved

0x0

resd

Kept at its default value.

Bit 2

TMRALPEN

0x1

Timer 4 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 1

TMR3LPEN

0x1

Timer 3 clock enable in Sleep mode
0: Disabled
1: Enabled

Bit 0

TMR2LPEN

0x1

Timer 2 clock enable in Sleep mode
0: Disabled
1: Enabled

4.3.19 APB2 peripheral clock enable in low power mode register
(CRM_APB2LPEN)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit Name Reset value Type Description
Bit 31:30 Reserved 0x0 resd Kept at its default value.
ACC clock enable in Sleep mode
Bit 29 ACCLPEN 0x1 rw 0: Disabled
1: Enabled
Bit 28:19  Reserved 0x000 resd  Keptatits default value.
Timer11 clock enable in Sleep mode
Bit 18 TMR11LPEN 0x1 w 0: Disabled
1: Enabled
Timer10 clock enable in Sleep mode
Bit 17 TMR10LPEN 0x1 rw 0: Disabled
1: Enabled
Timer9 clock enable in Sleep mode
Bit 16 TMROLPEN 0x1 rw 0: Disabled
1: Enabled
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Bit 15 Reserved 0x0 resd Kept at its default value.

SCFG clock enable in Sleep mode
Bit 14 SCFGLPEN 0x1 rw 0: Disabled

1: Enabled
Bit 13 Reserved 0x0 resd Kept at its default value.

SPI1 clock enable in Sleep mode
Bit 12 SPI1LPEN 0x1 w 0: Disabled

1: Enabled
Bit11:9  Reserved 0x0 resd  Keptatits default value.

ADC interface clock enable in Sleep mode
Bit 8 ADCLPEN 0x1 w 0: Disabled

1: Enabled
Bit 7:6 Reserved 0x0 resd  Keptatits default value.

USART®6 clock enable in Sleep mode
Bit 5 USART6LPEN 0x1 w 0: Disabled

1: Enabled

USART1 clock enable in Sleep mode
Bit 4 USART1LPEN 0x1 rw 0: Disabled

1: Enabled
Bit 3:1 Reserved 0x0 resd  Keptatits default value.

TMR1 timer clock enable in Sleep mode
Bit0 TMR1LPEN 0x1 rw 0: Disabled

1: Enabled

4.3.20 Peripheral independent clock select register (CRM PICLKYS)

Bit Name Reset value Type Description

Bit 31:14 Reserved 0x0000 resd  Keptatits default value.
I2C1 clock source select
00: PCLK1

Bit 13:12  12C1SEL 0x0 rw 01: SCLK
10: HICK
11: Reserved

Bit 11:6 Reserved 0x00 resd  Keptatits default value.
USARTS3 clock source select
00: PCLK1

Bit 5:4 USART3SEL 0x0 rw 01: SCLK
10: HICK
11: LEXT
USART2 clock source select
00: PCLK1

Bit 3:2 USART2SEL 0x0 rw 01: SCLK
10: HICK
11: LEXT
USART1 clock source select
00: PCLK2

Bit 1:0 USART1SEL 0x0 rw 01: SCLK
10: HICK
11: LEXT

4.3.21 Battery powered domain control register (CRM_BPDC)

It is only reset by setting the battery powered domain reset.

Access: 0 to 3 wait states, accessible by words, half-words or bytes. Wait states are inserted in the case
of consecutive accesses to this register.

Note: LEXTEN, LEXTBYPS, ERTCSEL and ERTCEN bits of the battery powered domain control register
(CRM_BPDC) are in the battery powered domain. As a result, these bits are write-protected after reset,
and can only be modified by setting the BPWEN bit in the power control register (PWC_CTRL). These
bits could be reset only by battery powered domain software reset. Any internal or external reset does
not affect these bits.
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Bit Name Reset value Type Description

Bit 31:17  Reserved 0x0000 resd  Kept at its default value.
Battery powered domain software reset

Bit 16 BPDRST 0x0 rw 0: Does not reset battery powered domain software
1: Reset battery powered domain software
ERTC clock enable

. Set and cleared by software

Bit 15 ERTCEN 0x0 rw 0: Disabled
1: Enabled

Bit 14:10  Reserved 0x00 resd  Kept atits default value.

ERTC clock source selection
Once the ERTC clock source is selected, it cannot be
changed until the BPDRST bit is set.
) 00: No clock

Bit 9:8 ERTCSEL 0x0 rw 01: LEXT
10: LICK
11: Divided HEXT (with the ERTC_DIV bit in the
CRM_CFQG)

Bit 7:3 Reserved 0x00 resd  Kept atits default value.
Low speed external crystal bypass

Bit 2 LEXTBYPS 0x0 w 0: Disabled
1: Enabled
Low-speed external oscillator stable
. Set by hardware after the LEXT is ready.
Bit 1 LEXTSTBL 0x0 ro 0: LEXT is not ready
1: LEXT is ready
Low-speed external oscillator enable

Bit 0 LEXTEN 0x0 rw 0: Disabled
1: Enabled

4.3.22 Control/status register (CRM_CTRLSTYS)

Reset flag can only be cleared by power reset or by writing the RSTFC bit, while others are cleared by
system reset.

Access: 0 to 3 wait states, accessible by words, half-words and bytes. Wait states are inserted in the
case of consecutive accesses to this register.

Bit Name Reset value Type Description

Low-power reset flag

Set by hardware. Cleared by writing to the RSTFC bit.
0: No low-power reset occurs

1: Low-power reset occurs

Window watchdog timer reset flag

Set by hardware. Cleared by writing to the RSTFC bit.
0: No window watchdog timer reset occurs

1: Window watchdog timer reset occurs

Watchdog timer reset flag

Set by hardware. Cleared by writing to the RSTFC bit.
0: No watchdog timer reset occurs

1: Watchdog timer reset occurs

Software reset flag

Set by hardware. Cleared by writing to the RSTFC bit.
0: No software reset occurs

1: Software reset occurs

POR/LVR reset flag

Set by hardware. Cleared by writing to the RSTFC bit.
0: No POR/LVR reset occurs

1: POR/LVR reset occurs

NRST reset flag

Set by hardware. Cleared by writing to the RSTFC bit.
0: No NRST reset occurs

1: NRST reset occurs

Bit 25 Reserved 0x0 resd Kept at its default value.

Bit 31 LPRSTF 0x0 ro

Bit 30 WWDTRSTF 0x0 ro

Bit 29 WDTRSTF 0x0 ro

Bit 28 SWRSTF 0x0 ro

Bit 27 PORRSTF 0x1 ro

Bit 26 NRSTF 0x1 ro
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Bit 24

RSTFC

0x0

Reset flag clear

Cleared by writing 1 through software.
0: No effect

1: Clear the reset flag

Bit 23:2

Reserved

0x000000

resd

Kept at its default value.

Bit 1

LICKSTBL

0x0

ro

LICK stable
0: LICK is not ready
1: LICK is ready

Bit 0

LICKEN

0x0

LICK enable
0: Disabled
1: Enabled

4.3.23 Additional register 1 (CRM_MISC1)

Access: 0 wait state, accessible by words, half-words and bytes.

Bit

Name

Reset value

Type

Description

Bit 31:28

CLKOUTDIV2

0x0

Clock output division2

0xxx: Clock output

1000: Clock output divided by 2
1001: Clock output divided by 4
1010: Clock output divided by 8
1011: Clock output divided by 16
1100: Clock output divided by 64
1101: Clock output divided by 128
1110: Clock output divided by 256
1111: Clock output divided by 512

Bit 27:20

Reserved

0x00

resd

Kept at its default value.

Bit 19:16

CLKOUT_SEL2

OxF

Clock output sel2

0000: USB clock output

0001: ADC clock output

0010: Internal RC oscillator (HICK) output frequency
divider

0011: LICK clock output

0100: LEXT clock output

0101~0111: Reserved

1000~1111: Reserved

Bit 15

PLLCLK_TO_ADC

0x0

ADC clock source select

0: HCLK is selected as ADC clock source

1: PLLCLK is selected as ADC clock source

Note: When the PLL is selected as ADC clock source, the
SCLKSEL must select PLL/2.

Bit 14

HICK_TO_SCLK

0x0

HICK as system clock frequency select

When the HICK is selected as the clock source of
SCLKSEL, the frequency of SCLK is:

0: Fixed 8 MHz, that is, HICK/6

1: 48 MHz or 8 MHz, depending on the HICKDIV

Bit 13

HICK_TO_USB

0x0

USB 48 MHz clock source select

0: PLL or divided PLL

1: HICK or HICK/6

Note: Since USB must work at 48 MHz, HICKDIV=1 must
be guaranteed to ensure that the HICK 48 MHz is selected
as the clock source of USB 48 MHz.

Bit 12

HICKDIV

0x0

HICK 6 divider selection

This bit is used to select HICK or HICK/6. If the HICK/6 is
selected, the clock frequency is 8 MHZ. Otherwise, the
clock frequency is 48 MHz.

0: HICK/6

1: HICK

Note: HICKDIV must not be modified during PLL enable
when HICK is used as PLL clock source.

Bit 11:8

Reserved

0x0

resd

Kept at its default value.

Bit 7:0

HICKCAL_KEY

0x00

HICK calibration key
The HICKCAL [7:0] can be written only when this field is
set as 0x5A.
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4.3.24 Additional register 2 (CRM_MISC?2)

Access: 0 wait state, accessible by words, half-words and bytes.
Bit Name Reset value Type Description
Bit 31:22 Reserved 0x000 resd Kept at its default value.

HEXT as system clock frequency division
000: HEXT

001: HEXT/2

010: HEXT/4

011: HEXT/8

100: HEXT/16

101: HEXT/32

Others: Reserved

HICK as system clock frequency division
000: HICK
001: HICK/2

Bit 18:16  HICK_TO_SCLK_DIV 0x0 rw 010: HICK/4

011: HICK/8

100: HICK/16

Others: Reserved

USB division

The PLL clock, after frequency division, is used as USB

clock.

0000: PLL clock divided by 3

0001: PLL clock divided by 2

0010: PLL clock divided by 5

0011: PLL clock divided by 4

0100: PLL clock divided by 7

0101: PLL clock divided by 6

0110: PLL clock divided by 9

0111: PLL clock divided by 8

Others: Reserved

Bit 11:6 Reserved 0x0 resd Kept at its default value.
Auto step-by-step system clock switch enable
When the system clock source is switched or when the
AHB prescaler is changed, it is recommended to enable
auto step-by-step system clock switch.
Once it is enabled, the AHB bus is halted by hardware
until the completion of the switch. During this switch
period, the DMA remain working, and the interrupt events

Bit 5:4 AUTO_STEP_EN 0x0 rw are recorded and then handled by NVIC when AHB
resumes.
00: Disabled
01: Reserved
10: Reserved
11: Enabled. When AHBDIV or SCLKSEL is modified, the
auto step-by-step system clock switch is activated
automatically.

Bit 3:0 Reserved 0xD resd It is fixed to OxD. Do not change.

Bit21:19 HEXT_TO_SCLK_DIV 0x0 rw

Bit 15:12  USBDIV 0x0 rw
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5 Flash memory controller (FLASH)
5.1 FLASH introduction

Flash memory is divided into three parts: main Flash memory, information block and Flash memory
registers.

® Main Flash memory is up to 256 KB.

® Information block consists of 20 KB bootloader and the user system data area. The bootloader
uses USART1, USART2 or USB serial interface for ISP programming.

Main Flash memory contains bank 1 (256 KB), including 128 sectors, 2 KB per sector.
Table 5-1 Flash memory architecture (256 K)

Bank Name Address range
Sector 0 0x0800 0000 — 0x0800 O7FF
Bank 1 Sector 1 0x0800 0800 — 0x0800 OFFF
an
Main memory Sector 2 0x0800 1000 — 0x0800 17FF
256 KB
Sector 127 0x0803 F800 — 0x0803 FFFF
20 KB bootloader 0x1FFF A400 — Ox1FFF F3FF
Information block
512B user system data Ox1FFF F800 — Ox1FFF FOFF

Main Flash memory contains bank 1 (128 KB), including 128 sectors, 1 KB per sector.
Table 5-2 Flash memory architecture (128 K)

Bank Name Address range
Sector 0 0x0800 0000 — 0x0800 03FF
Bank 1 Sector 1 0x0800 0400 — 0x0800 O7FF
an
Main memory Sector 2 0x0800 0800 — 0x0800 OBFF
128 KB
Sector 127 0x0801 FC00 — 0x0801 FFFF
20 KB bootloader 0x1FFF A400 — Ox1FFF F3FF
Information block
512B user system data O0x1FFF F800 — Ox1FFF FOFF

Main Flash memory contains bank 1 (64 KB), including 64 sectors, 1 KB per sector.
Table 5-3 Flash memory architecture (64 K)

Bank Name Address range
Sector 0 0x0800 0000 — 0x0800 O3FF
Bank 1 Sector 1 0x0800 0400 — 0x0800 O7FF
an
Main memory Sector 2 0x0800 0800 — 0x0800 OBFF
64 KB
Sector 63 0x0800 FC0O0 — 0x0800 FFFF
20 KB bootloader 0x1FFF A400 — Ox1FFF F3FF
Information block
512B user system data 0x1FFF F800 — Ox1FFF FOFF

User system data area

The system data will be read from the information block of Flash memory whenever a system reset
occurs, and is saved in the user system data register (FLASH_USD) and erase/programming protection
status register (FLASH_EPPS).
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Each system data occupies two bytes, where the low byte corresponds to the contents in the system
data area and the high byte represents the inverse code that is used to verify the correctness of the
selected bit. . When the high byte is not equal to the inverse code of the low byte (except when both
high and low bytes are all 0xFF), the system data loader will issue a system data error flag (USDERR)
and the corresponding system data and their inverse codes are forced OxFF.

Note: The update of the contents in the user system data area becomes effective only after a
system reset.

Table 5-4 User system data area

Address Bit Description

FAP[7:0]: Flash memory access protection (access protection enable/disable
result is stored in [1] and [26]bits in the FLASH_USD register)

[7:0] 0xA5: Flash access protection disabled

0xCC: High-level Flash access protection enabled

Others: Low-level Flash access protection enabled

[15:8] nFAP[7:0]: Inverse code of FAP[7:0]
SSBJ[7:0]: System configuration bit (stored in the FLASH_USD[9:2])
Bit 7 Reserved

0: WDT stops counting while entering Standby mode
Bit 6 (nSTDBY_WDT) 1: WDT does not stop counting while entering Standby
mode
0: WDT stops counting while entering Deepsleep
. mode
Bit 5 (nDEPSLP_WDT) 1: WDT does not stop counting while entering
Ox1FFF_F800 Deepsleep mode
nBOOT1: It defines boot mode together with BOOTO
[23:16] pin.
Bit 4 (nBOOT1) When BOOTO = 1,
0: Boot from SRAM
1: Boot from boot memory
Bit 3 Reserved
. 0: Reset occurs when entering Standby mode
Bit 2 (nSTDBY_RST) 1: No reset occurs when entering Standby mode
0: Reset occurs when entering Deepsleep mode
1: No reset occurs when entering Deepsleep mode
0: Watchdog is enabled
1: Watchdog is disabled

Bit 1 (\DEPSLP_RST)

Bit 0 ("WDT_ATO_EN)

[31:24] nSSB[7:0]: Inverse code of SSB[7:0]
[7:0] Data0[7:0]: User data O (stored in the FLASH_USDI[17:10])
[15:8] nData0[7:0]: Inverse code of Data0[7:0]
Ox1FFF_F804 ) ; )
- [23:16] Data1[7:0]: User data 1 (stored in the FLASH_USDI[25:18])
[31:24] nData1[7:0]: Inverse code of Data1[7:0]

EPPO[7:0]: Flash erase/write protection byte 0 (in the FLASH_EPPS[7:0])

This field is used to protect sectorO~sector15 of the main Flash memory (256 KB)
and sectorO~sector31 of the main Flash memory (128 KB/64 KB). Each bit takes
[7:0] care of 4 KB sectors.

0: Erase/write protection is enabled

1: Erase/write protection is disabled

[15:8] nEPPO[7:0]: Inverse code of EPPO[7:0]

Ox1FFF_F808 EPP1[7:0]: Flash erase/write protection byte 1 (in the FLASH_EPPS[15:8])
This field is used to protect sector16~sector31 of the main Flash memory (256
KB) and sector32~sector63 of the main Flash memory (128 KB/64 KB). Each bit
[23:16] takes care of 4 KB sectors.

0: Erase/write protection is enabled

1: Erase/write protection is disabled

[31:24] nEPP1[7:0]: Inverse code of EPP1[7:0]

EPP2[7:0]: Flash erase/write protection byte 2 (in the FLASH_EPPS[23:16])
This field is used to protect sector32~sector47 of the main Flash memory (256
KB) and sector64~sector95 of the main Flash memory (128 KB). Each bit takes
0x1FFF_F80C [7:0] care of 4 KB sectors. This bit is reserved and unused for the 64 KB main Flash
memory.

0: Erase/write protection is enabled

1: Erase/write protection is disabled
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[15:8] nEPP2[7:0]: Inverse code of EPP2[7:0]
EPP3[7:0]: Flash erase/write protection byte 3 (in the FLASH_EPPS[31:24])
Bit [6:0] is used to protect sector48~sector61 of the main Flash memory (256 KB)
and sector96~sector123 of the main Flash memory (128 KB). Each bit takes care
of 4 KB sectors. Bit [6:0] is reserved for the 64 KB main Flash memory.

[23:16] Bit [7] is used to protect sector62~sector127 of the main Flash memory (256 KB)
and sector124~sector127 of the main Flash memory (128 KB). Bit [7] is also
used in the main Flash memory (256 KB/128 KB/64 KB) extension area.

0: Erase/write protection is enabled
1: Erase/write protection is disabled

[31:24] nEPP3[7:0]: Inverse code of EPP3[7:0]

[7:0] Data2[7:0]: User data 2

[15:8] nData2[7:0]: Inverse code of Data2[7:0]

OKIFFF_F810 1 31) Data3[7:0]: User data 3

[31:24] nData3[7:0]: Inverse code of Data3[7:0]

[7:0] Data4[7:0]: User data 4

[15:8] nData4[7:0]: Inverse code of Data4[7:0]

OXTFFF_F814 [23:16] Data5[7:0]: User data 5

[31:24] nData5[7:0]: Inverse code of Data5[7:0]

[7:0] Data248[7:0]: User data 248

[15:8] nData248[7:0]: Inverse code of Data248[7:0]

OXTFFF_FOFC [23:16] Data249[7:0]: User data 249
[31:24] nData249[7:0]: Inverse code of Data249[7:0]

5.2 Flash memory operation

5.2.1 Unlock/lock

After reset, Flash memory is protected, by default. FLASH_CTRL cannot be written. Write and erase
operation can be performed only when the Flash memory is unlocked.
Unlock procedure:

Flash memory block can be unlocked by writing KEY1 (0x45670123) and KEY2 (0xCDEF89AB) to the
FLASH_UNLOCK register.

Note: Writing an incorrect key sequence leads to a bus error and the Flash memory is also locked until
the next reset.

Lock procedure:
Flash memory block can be locked by setting the OPLK bit in the FLASH_CTRL register.

5.2.2 Erase operation

Erase operation must be done before programming. Flash memory erase includes sector erase and
mass erase.

Sector erase

Any page in the Flash memory and its extension area can be erased with sector erase function
independently. Below should be followed during sector erase:
® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress.
® \Write the sector to be erased in the FLASH_ADDR register.
® Setthe SECERS and ERSTR bits (set to 1) in the FLASH_CTRL register to enable sector erase.
® Wait until the OBF bit becomes “0” in the FLASH_STS register. Read the EPPERR and ODF bits
in the FLASH_STS register to verify the erased sectors.
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Note: When the boot memory is configured as the Flash memory extension area, performing sector-
erase operation erases the entire Flash memory extension area.

Figure 5-1 Flash memory sector erase process
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Check the OBF bit in FLASH_STS |«

No
OBF=07?
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Write the erased sector address to
FLASH_ADDR

:

Set SECERS =1 and ERSTR =1
in FLASH_CTRL

;

Check the OBF bit in FLASH_STS |

No
OBF=07?

Yes

Read EPPERR bit and ODF bit in
FLASH_STS

'

End

Mass erase
Mass erase function can erase all the Flash memory.

The following process is recommended:
® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress.
® Setthe BANKERS and ERSTR bits in the FLASH_CTRL register to enable mass erase.
® Wait until the OBF bit becomes “0” in the FLASH_STS register. Read the EPPERR and ODF bits
in the FLASH_STS register to verify the erase result.
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Note:

1) When the boot memory is configured as the Flash memory extension area, performing mass-erase
operation erases automatically the entire the entire Flash memory and its extension area.

2) Read access during erase operation halts the CPU and waits until the completion of erase.
3) Internal HICK must be enabled prior to erase operation.
Figure 5-2 Flash memory mass erase process
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End

5.2.3 Programming operation
The Flash memory can be programmed with 32 bits, 16 bits or 8 bits at a time.

The following process is recommended:

® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress.

® Set the FPRGM bit in the FLASH_CTRL register, so that the Flash memory programming
instructions can be received.

® Write the data (word/half-word/byte) to be programmed to the designated address.

®  Wait until the OBF bit becomes “0” in the FLASH_STS register. Read the EPPERR, PRGMERR
and ODF bits in the FLASH_STS register to verify the programming result.
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Note:

1) When the address to be written is not erased in advance, the programming operation is not
executed unless the data to be written is all 0. In this case, a programming error is reported by the
PRGMERR bit in the FLASH_STS register.

2) Read operation to the Flash memory during programming halts the CPU and waits until the
completion of programming.

3) Internal HICK must be enabled prior to programming.
Figure 5-3 Flash memory programming process
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5.24 Read operation
Flash memory can be accessed through AHB bus of the CPU.

5.3 Main Flash memory extension area

Boot memory can also be programmed as the extension area of the main Flash memory to store user-
application code. When used as main Flash memory extension area, it behaves like the main Flash
memory, including read, unlock, erase and programming operations.

5.4 User system data area operation
54.1 Unlock/lock

After reset, user system data area is protected, by default. Write and erase operations can be performed
only after the Flash memory is unlocked before the unlock operation for the user system data area.

Unlock procedure:
Flash memory can be unlocked by writing KEY1 (0x45670123) and KEY2 (OxCDEF89AB) to the
FLASH_UNLOCK register.

When KEY1 (0x45670123) and KEY2 (0OxCDEF89AB) are written to the FLASH_USD_UNLOCK register,
the USDULKS bit in the FLASH_CTRL register will be automatically set by hardware, indicating that it
supports write/erase operation to the user system data area.

Note: Writing an incorrect key sequence leads to bus error and the Flash memory is also locked until
the next reset

Lock procedure:
User system data area is locked by clearing the USDULKS bit in the FLASH_CTRL register by software.

54.2 Erase operation

Erase operation must be done before programming. User system data area can perform erase operation
independently.
The following process is recommended:
® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress.
® Set the USDERS and ERSTR bits (set to 1) in the FLASH_CTRL register to enable erase
operation.
® Wait until the OBF bit becomes “0” in the FLASH_STS register. Read the ODF bit in the
FLASH_STS register to verify the erase result.

Note:

1) Read operation to the Flash memory during programming halts CPU and waits until the completion
of erase.

2) The internal HICK must be enabled prior to erase operation.
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Figure 5-4 System data area erase process
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5.4.3 Programming operation
The user system data area can be programmed with 16 bits or 32 bits at a time.
The following process is recommended:
® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress.
® Setthe USDPRGM bit in the FLASH_CTRL register, so that the programming instructions for the
user system data area can be received.
®  Write the data (word/half-word) to be programmed to the designated address.
®  Wait until the OBF bit becomes “0” in the FLASH_STS register. Read the PRGMERR and ODF
bits in the FLASH_STS register to verify the programming result.
Note:
1) Read operation to the Flash memory during programming halts CPU and waits until the completion
of programming.
2) The internal HICK must be enabled prior to programming operation.
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Figure 5-5 System data area programming process
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544 Read operation

User system data area can be accessed through AHB bus of the CPU.

5.5 Flash memory protection

Flash memory protection includes access and erase/program protection.
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55.1 Access protection

Flash memory access protection is divided into two parts: high-level and low level.

Once enabled, only the Flash program is allowed to read Flash memory data. This read operation is not
permitted in debug mode or by booting from non-Flash memory.

Low-level access protection

When the contents in the nFAP and FAP bytes are different from 0x5A and 0xA5, and 0x33 and 0xCC,
the low-level Flash memory access protection is enabled after a system reset.

When the Flash access is protected, the user can re-erase the system data area, and unlock Flash
access protection (switching from low-level protection to unprotected state will trigger mass erase on the
Flash memory and its extension area automatically) by writing 0xA5 to FAP byte, and then perform a
system reset. Subsequently, the system data loader will be reloaded with system data and updated with
Flash memory access protection disable state (FAP byte)

High-level access protection

When the content in the nFAP is different from 0x33, and the content in the FAP byte is equal to 0xCC,
the high-level Flash memory access protection is enabled after a system reset.

Once enabled, it cannot be unlocked, and it is not permissible for users to re-erase and write the system
data area.

Note:
1) The main Flash memory extension area can also be protected.

2) If the access protection bit is set in debug mode, then the debug mode has to be cleared by
POR instead of system reset in order to resume access to Flash memory data.

Table 5-5 shows Flash memory access limits when Flash access protection is enabled.
Table 5-5 Flash memory access limit

Block Protection level Access limits
In debug mode or boot from SRAM or Boot f in Flash
boot memory OOt from main Flash memory
Read Write Erase Read Write Erase
- Not allowed
Low Ieyel Not allowed Accessible
Main Flash protection (1)(2)
memory -
l;rlgpelc?i\é;l None (3) Accessible
L;)vtv—letyeri Not allowed Accessible Accessible
User system data protectio
area igh-
l;rlgpel:?i\;?': None (3) Accessible Not allowed
Q) Main Flash memory is cleared automatically by hardware only when the access protection is
disabled;
2) Only sector erase is forbidden, and mass erase is not affected;
3) When the high-level access protection is enabled, the system automatically boots from the main
Flash.

5.5.2 Erase/program protection

Erase/program protection is performed on the basis of 4 KB. This is used to protect the contents in the
Flash memory against inadvertent operation when the program crash occurs.

Erase/program operation is not permitted under one of the following events, and the EPPERR bit is set
accordingly when
® Erasing/programming the pages (in Flash memory and its extension area) where erase/program
protection is enabled;
® Performing mass erase on the sectors and main Flash memory extension area where
erase/program protection enabled;
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® When the Flash access protection is enabled, the sectorO~sectorl in the 256 KB main Flash
memory and sectorO~sector3 in the 128 KB/64 KB Flash memory will be protected against
erase/program automatically;

® When the Flash access protection is enabled, the main Flash memory is protected against sector
erase and programming operation when it is the main Flash memory and its extension area are
in debug mode or when it boots from non-main Flash memory.

5.6 Read access

To increase system clock frequency, program the number of wait states to access the Flash memory
through the WTCYC bit in the FLASH_PSR register.

The Flash read times can be decreased through the PFT_EN, PFT_EN2 and PFT_LAT_DIS bits in the
FLASH_PSR register.

5.7 Special functions

5.7.1 Security library settings

Security library is a defined area protected by a code in the main memory. This area is only executable
but cannot be written or deleted unless a correct code is keyed in. Security library includes instruction
security library (cannot be read) and data security library (can be read).

Advantages of security library:

Security library is protected by codes so that solution providers can program core algorithm into this
area;

Security library cannot be read or deleted (including ISP/IAP/SWD) but only executed unless the code
defined by the solution provider is keyed in;

The rest of the area can be used for secondary development by solution providers;

Solution providers can sell core algorithm with security library function and do not have to develop full
solutions for every customer.

Security library helps prevent from deliberate damage or changing terminal application codes.
Note:

Security library code must be programmed by sector, with its start address aligned with the main memory
address;

Only CPU instruction is allowed to read instruction security library;

In an attempt of writing or erasing the security library code, a warning message will be issued by
EPPERR =1 in the FLASH_STS register;

Executing mass erase in the main memory will not erase the security library.

By default, security library setting register is unreadable and write protected. To enable write access to
this register, security library should be unlocked first, by writing 0xA35F6D24 to the SLIB_UNLOCK
register, and checking the SLIB_ULKF bit in the SLIB_MISC_STS register to verify if it is unlocked
successfully, and then writing the programmed value to the security library setting register.

The steps to enable security library are as follows:

® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress.
Write 0xA35F6D24 to the SLIB_UNLOCK register to unlock the security library.
Check the SLIB_ULKF bitin the SLIB_MISC_STS register to verify that it is unlocked successfully;
If the security library is set in the main Flash memory, set the sectors to be protected in the
SLIB_SET_RANGE register (including the addresses of instruction/data security library). If the
security library is set in the main Flash memory extension area, set the EM_SLIB_SET register.
Wait until the OBF bit becomes “0”.
Set the security library password in the SLIB_SET_PWD register.
Wait until the OBF bit becomes “0”.
Program the code to be saved in security library.
Perform system reset, and then reload security library setting word.
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® Read the SLIB_STSO0/STS1 register to verify the security library settings.
Note:
The main Flash memory and its extension area cannot be set as security library at the same time.
Security library should be enabled when the Flash access protection is not activated.

The steps to unlock security library are as follows:
® \Write the previously set security library password to the SLIB_PWD_CLR register.
®  Wait until the OBF bit becomes “0”.
® Perform system reset, and then reload security library setting word.
® Read the SLIB_STSO register to check the security library settings.

Note: Disabling the security library will automatically perform mass erase for the main memory and
its extension, as well as the security library setting block.

5.7.2 Boot memory used as Flash memory extension

There is only one chance for users to program the boot memory as the main Flash extension area, which
will have the same features as those of Flash memory after successful configuration as follows:

Read the bit 0 in the SLIB_STSO register to obtain the current mode of the boot memory;

Write OXxA35F6D24 to the SLIB_UNLOCK register to unlock the current mode of boot memory;
Write non-OxFF to the bit [7:0] in the BTM_MODE_SET register;

Wait until the OBF bit becomes “0”;

Perform a system reset, and reload setting words;

Read the SLIB_STSO register to verify the setting result.

Note: The above-mentioned process must be performed when the Flash memory access protection
is disabled. Once enabled, the boot memory is forced to start from the main Flash memory.

5.7.3 CRC verify

The optional CRC check for security library code or user code is performed on a sector level.

CRC verify procedure is as follows:

® Check the OBF bit in the FLASH_STS register to confirm that there is no other programming
operation in progress;

® Program the start address of the code to be CRC check in the FLASH_CRC_ADDR register;

® Program the code count (in terms of sectors) to be CRC check through the bit [15:0] in the
FLASH_CRC_CTRL register;

® Enable CRC verify by setting the bit 16 in the FLASH_CRC_CTRL register;

®  Wait until the OBF bit becomes “0”;

® Readthe FLASH_CRC_CHKR register to verify the result.

Note:
The values of the FLASH_CRC_ADDR register must be aligned with the start address of the sector.
CRC verify must not cross the main Flash memory and its extension area.

5.8 FLASH memory registers

These peripheral registers must be accessed by words (32 bits).
Table 5-6 Flash memory register map and reset value

Register Offset Reset value
FLASH_PSR 0x00 0x0000 01F0
FLASH_UNLOCK 0x04 OXXXXX XXXX
FLASH_USD_UNLOCK 0x08 OXXXXX XXXX
FLASH_STS 0x0C 0x0000 0000
FLASH_CTRL 0x10 0x0000 0080
FLASH_ADDR 0x14 0x0000 0000
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FLASH_USD 0x1C 0x03FF FFFC
FLASH_EPPS 0x20 OXFFFF FFFF
SLIB_STS0 0x74 0X00FF 0000
SLIB_STS1 0x78 OXFFFF FFFF
SLIB_PWD_CLR 0x7C OXFFFF FFFF
SLIB_MISC_STS 0x80 0x0000 0000
FLASH_CRC_ADDR 0x84 0x0000 0000
FLASH_CRC_CTRL 0x88 0x0000 0000
FLASH_CRC_CHKR 0x8C 0x0000 0000
SLIB_SET_PWD 0x160 0x0000 0000
SLIB_SET_RANGE 0x164 0x0000 0000
EM_SLIB_SET 0x168 0x0000 0000
BTM_MODE_SET 0x16C 0x0000 0000
SLIB_UNLOCK 0x170 0x0000 0000

5.8.1 Flash performance select register (FLASH PSR)

Bit

Abbr.

Reset value

Type

Description

Bit 31:9

Reserved

0x000000

resd

Kept at its default value.

Bit 8

PFT_LAT DIS

Prefetch latency disable

0: Prefetch buffer latency enabled, one-wait state for buffer
access

1: Prefetch buffer latency disabled, 0-wait state for buffer
access

It is recommended to set this bit to 1 and do not change.

Bit 7

PFT_ENF2

ro

Prefetch enabled flag2
This bit is set to enable prefetch buffer 2.

Bit 6

PFT_EN2

Prefetch enable2

0: Prefetch buffer 2 is disabled

1: Prefetch buffer 2 is enabled

It is recommended to set this bit to 1 and do not change.

Bit 5

PFT_ENF

ro

Prefetch enabled flag
This bit is set to enable prefetch buffer.

Bit 4

PFT_EN

Prefetch enable
0: Prefetch buffer is disabled
1: Prefetch buffer is enabled

Bit 3

Reserved

Kept at 0.

Bit 2:0

WTCYC

0x0

Wait cycle

The wait states depend on the size of the system clock,
and they are in terms of system clocks.

000: Zero wait state, 0 MHz<system clock<32 MHz

001: One wait state, 32 MHz<system clock<64 MHz

010: Two wait states, 64 MHz<system clock<96 MHz
011: Three wait states, 96 MHz<system clock<128 MHz
100: Four wait states, 128 MHz<system clock<150 MHz
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5.8.2 Flash unlock register (FLASH UNLOCK)

Bit Abbr. Reset value Type Description
Unlock key value
Bit 31:0 UKVAL OXXXXX XXXX  wo This is used to unlock the Flash memory and its extension

area.

Note: All these bits are write-only, and return 0 when being read.

5.8.3 Flash user system data unlock register (FLASH USD UNLOCK)

Bit

Abbr.

Reset value

Type

Description

Bit 31:0

USD_UKVAL

OXXXXX XXXX  wo

User system data unlock key value

Note: All these bits are write-only, and return 0 when being read.

5.8.4 Flash status register (FLASH STS)

Bit Abbr. Reset value Type Description

Bit 31:6 Reserved 0x0000000 resd Kept at its default value.
Operation done flag

Bit 5 ODF 0 we This bllt is set by hardware when Flash memory
operations (program/erase) are completed. It is cleared
by writing “1”.
Erase/Program protection error

Bit 4 EPPERR 0 wed This bit is set by hardware when programming the .
erase/program-protected Flash memory address. It is
cleared by writing “1”.

Bit 3 Reserved 0 resd Kept at its default value.
Program error

Bit 2 PRGMERR 0 rwc When the programming address is not in erase state, this
bit is set by hardware. It is cleared by writing “1”.

Bit 1 Reserved 0 resd Kept at its default value.
Operation busy flag

Bit 0 OBF 0 o When this bit is set, it indicates that Flash memory

operations are in progress. It is cleared when operations
are completed.

5.8.5 Flash control register (FLASH CTRL)

Bit Abbr. Reset value Type Description
Bit 31:13  Reserved 0x0000 resd Kept at its default value.
Operation done flag interrupt enable
Bit 12 ODFIE 0 rw 0: Interrupt is disabled
1: Interrupt is enabled
Bit 11,8,3 Reserved 0 resd Kept at its default value.
Error interrupt enable
Bit 10 ERRIE 0 W This bit enaple; EPPERR or PRGMERR interrupt.
0: Interrupt is disabled
1: Interrupt is enabled
User system data unlock success
This bit is set by hardware when the user system data is
. unlocked properly, indicating that erase/program
Bit 9 USDULKS 0 w operation to the user system data is allowed. This bit is
cleared by writing “0”, which will re-lock the user system
data area.
Operation lock
This bit is set by default, indicating that Flash memory is
Bit 7 OPLK 1 W protected against opera_tio_ns. _This bit is cleared by
hardware after unlock, indicating that erase/program
operation to Flash memory is allowed. Writing “1” can re-
lock Flash memory operations.
Erasing start
. An erase operation is triggered when this bit is set by
Bit 6 ERSTR 0 w software. This bit is cleared by hardware after the
completion of the erase operation.
Bit 5 USDERS 0 W U§er.system data erase '
It indicates the user system data erase operation.
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User system data program

Bit 4 USDPRGM 0 w It indicates the user system data program.
Bit 2 BANKERS 0 w  Dankerase .
It indicates bank erase operation.
Bit 1 SECERS 0 w  Seclorerase .
It indicates sector erase operation.
Bit 0 FPRGM 0 rw Flash prograrm

It indicates Flash programming operation.

5.8.6 Flash address register (FLASH ADDR)

Bit

Abbr.

Reset value

Type

Description

Bit 31:0

FA

0x0000 0000

wo

Flash address
Select the address of the banks/sectors to be erased.

5.8.7 User system data register (FLASH USD)

Bit

Abbr.

Reset value

Type

Description

Bit 31:27

Reserved

0x00

resd

Kept at its default value.

Bit 26

FAP_HL

ro

Flash access protection high level

The status of the Flash access protection is determined
by bit 26 and bit 1.

00: Flash access protection disabled, and FAP=0xA5

01: Low-level Flash access protection enabled, and FAP=
non-0xCC and non-0xA5

10: Reserved

11: High-level Flash access protection enabled, and
FAP=0xCC

Bit 25:18

USER_D1

OxFF

ro

User data 1

Bit 17:10

USER_DO

OxFF

ro

User data 0

Bit 9:2

SSB

OxFF

ro

System setting byte

It includes the system setting bytes in the loaded user
system data area.

Bit 9: Unused

Bit 8: nSTDBY_WDT
Bit 7: nDEPSLP_WDT
Bit 6: nBOOT1

Bit 5: Unused

Bit 4: nSTDBY_RST
Bit 3: nNDEPSLP_RST
Bit 2: nWDT_ATO_EN

Bit 1

FAP

ro

Flash access protection

Bit 0

USDERR

ro

User system data error

When this bit is set, it indicates that certain byte does not
match its inverse code in the user system data area. At
this point, this byte and its inverse code will be forced to
0xFF when being read.

5.8.8 Erase/program protection status register (FLASH EPPS)

Bit Abbr. Reset value Type Description
Erase/Program protection status

Bit 31:0 EPPS OxFFFF FFFF ro This register reflects the erase/program protection byte
status in the loaded user system data.
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5.8.9 Flash security library status register 0 (SLIB_STSO0)

For Flash security library only.

Bit

Abbr.

Reset value

Type

Description

Bit 31:24

Reserved

0x00

resd

Kept at its default value.

Bit 23:16

EM_SLIB_INST_SS  OxFF

ro

Extension memory sLib instruction start sector
00000000: Sector 0
00000001: Sector 1
00000010: Sector 2

00001001: Sector 9 (the last sector of 256 KB main Flash
memory)

00010011: Sector 19 (the last sector of 64 KB/128 KB
main Flash memory)

11111111: None

Others: Invalid

Bit 15:4

Reserved

0x000

resd

Kept at its default value.

Bit 3

SLIB_ENF

ro

sLib enabled flag

When this bit is set, it indicates that the main Flash
memory is partially or completely (depending on the
setting of SLIB_STS1) used as security library code.

Bit 2

EM_SLIB_ENF

ro

Extension memory sLib enabled flag

When this bit is set, it indicates that the boot memory is
used as the Flash extension area (BTM_AP_ENF is set)
and stores security library code.

Bit 1

Reserved

resd

Kept at its default value.

Bit 0

BTM_AP_ENF

ro

Boot memory store application code enabled flag

When this bit is set, it indicates that the boot memory can
be used as main Flash extension area to store user
application code; otherwise, it is only used for system
boot code.

5.8.10 Flash security library status register 1 (SLIB_STS1)

For Flash security library only.

Bit

Abbr.

Reset value

Type

Description

Bit 31:22

SLIB_ES

Ox3FF

ro

sLib end sector

0000000000: Sector 0
0000000001: Sector 1
0000000010: Sector 2

0000111111: Sector 63 (the last sector of 64 KB main
Flash memory)

0001111111: Sector 127 (the last sector of 256KB/128KB
main Flash memory)

Bit 21:11

SLIB_INST_SS

Ox7FF

ro

sLib instruction start sector
00000000000: Sector 0
00000000001: Sector 1
00000000010: Sector 2

00000111111 Sector 63 (the last sector of 64 KB main
Flash memory)

66001111111: Sector 127 (the last sector of 256KB/128KB
main Flash memory)
11111111111: None

Bit 10:0

SLIB_SS

Ox7FF

ro

sLib start sector

00000000000: Sector 0
00000000001: Sector 1
00000000010: Sector 2

00000111111: Sector 63 (the last sector of 64 KB main
Flash memory)
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66001111111: Sector 127 (the last sector of 256KB/128KB
main Flash memory)

5.8.11 Security library password clear register (SLIB_PWD_CLR)

For Flash security library only.
Bit Abbr. Reset value Type Description

sLib password clear value

This register is used to key in a correct sLib password in
Bit 31:0 SLIB_PCLR_VAL 0x0000 0000 wo order to unlock sLib functions.

The write status of this register is indicated by bit 0 and

bit 1 of the SLIB_MISC_STS register.

5.8.12 Security library additional status register (SLIB_MISC_STS)

For Flash security library only.

Bit Abbr. Reset value Type Description
Bit 31:3 Reserved 0x0000000 resd Kept at its default value.
sLib unlock flag
Bit 2 SLIB_ULKF 0 ro When this bit is set, it indicates that sLib-related setting

registers can be configured.

sLib password ok

This bit is set by hardware when the password is correct.

sLib password error

This bit is set by hardware when the password is

incorrect and the setting value of the password clear

Bit 0 SLIB_PWD_ERR 0 ro register is different from OxFFFF FFFF.
Note: When this bit is set, the hardware will no longer
agree to re-program the password clear register until the
next reset.

Bit 1 SLIB_PWD_OK 0 ro

5.8.13 Flash CRC address register (FLASH_CRC_ADDR)

For the main Flash memory and its extension area.
Bit Abbr. Reset value Type Description

CRC address

The register is used to select the start address of a sector
Bit 31:0 CRC_ADDR 0x0000 0000 wo to be CRC checked.

Note: The CRC address must align with the sector start

address.

Note: All these bits are write-only, and return no response when being read.

5.8.14 Flash CRC control register (FLASH_CRC_CTRL)

For the main Flash memory and its extension area.

Bit Abbr. Reset value Type Description
Bit 31:17 Reserved 0x0000 resd Kept at its default value.
CRC start

This bit is used to enable CRC check for user code or
sLib code. It is automatically cleared after enabling CRC

Bit 16 CRC_STRT 0 wo by hardware.

Note:

CRC data ranges from CRC_ADDR to

CRC ADDR+CRC SN*1.

CRC sector number

This bit defines the sectors to be CRC checked.

Bit 15:0 CRC_SN 0x0000 wo
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5.8.15 Flash CRC check result register (FLASH_CRC_CHKR)

For the main Flash memory and its extension area.
Bit Abbr. Reset value Type Description
Bit 31:0 CRC_CHKR 0x0000 0000 ro CRC check result

Note: All these bits are read-only, and return no response when being written.

5.8.16 Security library password setting register (SLIB_SET _PWD)

For Flash security library password setting only.
Bit Abbr. Reset value Type Description

sLib password setting value

Note: This register can be written only after sLib is
unlocked. It is used to set a password of sLib. Writing
OxFFFF_FFFF or 0x0000 0000 has no effect.

Note: All these bits are write-only, and return 0 when being read.

Bit 31:0 SLIB_PSET_VAL 0x0000 0000 wo

5.8.17 Security library address setting register (SLIB_SET_RANGE)

For Flash security library address setting only.
Bit Abbr. Reset value Type Description

sLib end sector setting
These bits are used to set the security library end sector.
0000000000: Sector 0
0000000001: Sector 1
0000000010: Sector 2

Bit 31:22  SLIB_ES_SET 0x000 wo
0000111111: Sector 63 (the last sector of 64 KB main
Flash memory)

0001111111: Sector 127 (the last sector of 256KB/128KB
main Flash memory)

sLib instruction start sector setting

These bits are used to set the security library instruction
start sector.

00000000000: Sector 0

00000000001: Sector 1

00000000010: Sector 2

Bit 21:11  SLIB_ISS_SET 0x000 wo
00000111111: Sector 63 (the last sector of 64 KB main
Flash memory)

00001111111: Sector 127 (the last sector of 256KB/128KB
main Flash memory)

11111111111: No security library instruction area

sLib start sector setting

These bits are used to set the security library start sector.
00000000000: Sector 0

00000000001: Sector 1

00000000010: Sector 2

Bit 10:0 SLIB_SS_SET 0x000 wo
00000111111: Sector 63 (the last sector of 64 KB main
Flash memory)

00001111111: Sector 127 (the last sector of 256KB/128KB
main Flash memory)

Note:

All these bits are write-only, and return 0 when being read.

This register can be written only when security library is unlocked.
Being out of the Flash address range is an invalid setting.
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5.8.18 Flash extension memory security library setting register
(EM_SLIB_SET)

For Flash extension area only.
Bit Abbr. Reset value Type Description

Bit 31:24  Reserved 0x00 resd Kept at its default value.
Extension memory sLib instruction start sector setting
It is used to set the security library instruction area start
sector.
00000000: Sector 0
00000001: Sector 1
00000010: Sector 2

00001001: Sector 9 (the last sector of 256 KB main Flash
Bit23:16 EM_SLIB_ISS_SET 0x000 wo  memory)

00010011: Sector 19 (the last sector of 64KB/128KB
main Flash memory)
11111111: No sLib instruction area
Others: Invalid
Note:
When it is set to OxFF, it indicates that the extension area
from sector 0 to sector 3 is the security library, read-only.
Extension memory sLib setting

Bit 15:0 EM_SLIB_SET 0x000 wo Writing 0x5AA5 can configure the Flash extension area to
store the sLib code.

Note: All these bhits are write-only, and return no response when being read.

5.8.19 Boot memory mode setting register (BTM_MODE_SET)

For boot memory only.
Bit Abbr. Reset value Type Description

Bit 31:8 Reserved 0x000000 resd Kept at its default value.
Boot memory mode setting
OxFF: Boot memory serves as a system area that stores
system boot code

Bit 7:0 BTM_MODE_SET 0x00 wo Others: Boot memory serves a Flash extension area that
stores application code
Note: This register is set when the Flash access
protection is disabled.

Note: All these bits are write-only, and return no response when being read.

5.8.20 Security library unlock register (SLIB_UNLOCK)

For security library register unlock only.

Bit Abbr. Reset value Type Description
sLib unlock key value
Bit 31:0 SLIB_UKVAL 0x0000 0000 wo Fixed key value is 0xA35F_6D24, used for security library

setting register unlock.

Note: All these bits are write-only, and return O when being read.
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6 GPIOs and IOMUX

6.1 Introduction

AT32F423 series supports up to 87 bidirectional I/O pins, namely PA0-PA15, PB0-PB15, PC0-PC15,

PD0-PD15, PEO-PE15, PF0-PF2 PF6 PF8-PF10. Each of these pins features communication, control

and data collection. In addition, their main features also include:

® Supports general-purpose 1/0 (GPIO) or multiplexed function I/O (IOMUX);

® Each pin can be configured by software as floating input, pull-up/pull-down input, analog
input/output, push-pull/open-drain output, multiplexed push-pull/open-drain output;

® Each pin with individual weak pull-up/pull-down capability;

® Each pin’s output drive capability is configurable by software;

® Each pin can be configured as external interrupt input;

6.2 Each pin can be locked.
Function overview

6.2.1 GPIO structure

Each of the GPIO pins can be configured by software as four input modes (floating, pull-up/pull-down
and analog input) and four output modes (open-drain, push-pull, alternate function push-pull/open-drain

output)
Each 1/0O port bit can be programmed freely. However, 1/0O port registers must be accessed by half-words
or bytes.
Figure 6-1 GPIO basic structure
([ i
| Single 10 |
Analog | analog input/output |
module | |
| |
A ! output enable ESD :
protect
" | Py |
3 . |
g -« > % | output data [FI 10
§ | M
o | push/pull Pd |
?5 strength control |
v |inputenab|e
| P |
| input data \ \ |
| |
| : |
| SMT trigger |

Note: The corresponding GPIO function of PC13 and related RTC functions cannot be directly used
during the initial power-on. For details, refer to GPIO section in ES0010_AT32F423_Errata_Sheet.
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6.2.2 GPIO reset status

After power-on or system reset, all pins are configured as floating input mode except JATG-related pins.
JTAG pin configurations are as follows:

® PA15/JTDI, PA13/JTMS and PB4/JNTRST in multiplexed pull-up mode;
® PA14/JTCK in multiplexed pull-down mode;
® PB3/TDO in multiplexed mode without pull-up/pull-down capability.

6.2.3 General-purpose input configuration

Mode IOMC PUPD
Floating input 00
Pull-down input 00 10
Pull-up input 01

When 1/O port is configured as input:
® Get I/O states by reading the input data register.
® Floating input, pull-up/pull-down input are configurable.
® Schmitt-trigger input is activated.
® Output is disabled.

Note: In floating input mode, it is recommended to set the unused pins as analog input mode in order
to avoid leakage caused by intereferences from unused pins in a complex environment.

6.2.4 Analog input/output configuration

Mode IOMC PUPD

Analog input/output 11 Unused

When 1/O port is configured as analog input:
® Schmitt-trigger input is disabled.
® Digital input/output is disabled.
® Without any pull-up/pull-down resistor.

6.2.5 General-purpose output configuration

Mode IOMC oM HDRV ODRVJ[1:0] PUPD
E;Z)r:lﬁlélclnvv\\/l:hom pull- 01 0 000: Output mode, normal sourcing/sinking strength 00 or 11
001: Output mode, large sourcing/sinking strength
Push-pull with pull-up 01 0 010: Output mode, normal sourcing/sinking strength 01
011: Output mode, normal sourcing/sinking strength
Push-pull with pull-down 01 0 1xx: Output mode, maximum sourcing/sinking strength 10

Open-drain without pull- 01 1 . o 00 or 11
up/pull-down 000: Output mode, normal sourcing/sinking strength

001: Output mode, large sourcing/sinking strength
Open-drain with pull-up 01 1 010: Output mode, normal sourcing/sinking strength 01
011: Output mode, normal sourcing/sinking strength

Open-drain with pull- o1 1 1xx: Output mode, maximum sourcing/sinking strength 10
down
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When I/O port is configured as output:
® Schmitt-trigger input is enabled;
Output through output register;
In open-drain mode, forced output 0, and use pull-up resistor to output 1;
In push-pull mode, output register is used to output 0/1;
GPIO set/clear register is used to set/clear the corresponding GPIO output data registers.
Note: If both IOCB and IOSB bits are set in the GPIO set/clear register, the IOSB takes priority.

6.2.6 I/O port protection

Locking mechanism can freeze the I/O configuration for the purpose of protection. When LOCK is
applied to a port bit, its configuration cannot be modified until the next reset or power-on.

6.2.7 IOMUX structure

Several peripheral functions can be mapped on each 10 pin. Peripheral input/output corresponding to
an I/O pin is selected through IOMUX input/output table. Each I/O pin has up to 16 IOMUX mapping
options for flexible selection, configured through the GPIOx_MUXL (for pin 0 to 7) and GPIOx_MUXH
(for pin 8 to 15) registers.

Each 1/O pin is connected to only one peripheral’s pin by setting the GPIOx_MUXL or GPIOx_MUXH
register so that there can be no conflict between peripherals sharing the same pin.

To enable multiplexed function output, the port is configured as multiplexed function mode push-pull or
open-drain mode by setting GPIOx_CFGR or GPIOx_OMODE register. In this case, the pins are
disconnected from GPIO controller, and controlled by IOMUX controller, instead.

To achieve bidirectional multiplexed function, the port needs to be configured as multiplexed function
modes (push-pull or open-drain), controlled by IOMUX controller.

Figure 6-2 IOMXU structure

r— - i
| Single 10 |
Analog | analog input/output |
module | |
| |
| output enable |
8 ESD
p | protect | |
@ _ Pq
< g | |
5
>‘-<> ! output data [; o
o
- | push/pull Pd |
- strength control |
Peripheral | input enable
Module | |
I input data |
| |
: SMT trigger :
S L1 I S L] -
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6.2.8 Multiplexed function pull-up/down configuration

Mode IOMC PUPD
Multiplexed function floating 00
Multiplexed function pull-down 10 10
Multiplexed function pull-up 01

When an I/O port is configured as input:
® Get an I/O pin state by reading input data register;
® The pin can be configured as floating input, pull-up or pull-down input;
® Schmitt-trigger input is activated,;
® GPIO pin output is disabled.

6.2.9 IOMUX input/output

The multiplexed function of each 10 port line is configured through the GPIOx_MUXL (from pin 0 to pin
7) or GPIOx_MUXH (from pin 8 to pin 15) register.

Table 6-1 Port A multiplexed function configuration with GPIOA_MUX* register

Pin MUXO0 MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
TMR2_CH1 USART2_CT
PAO TMR2_ EXT TMR9_CH2C 12C2_SCL USART2_RX S
PA1 TMR2_CH2 TMR9_CH1C 12C2_SDA 12c1_sMBA | spi3_csizs3ws | USRTZRT
PA2 TMR2_CH3 TMR9_CH1 USART2_TX
PA3 TMR2_CH4 TMR9_CH2 12S2_MCK USART2_RX
PA4 12C1_SCL SPILCSI2S | sPi3_Cs/i2s3_ws | USART2_CK
TMR2_CH1 SPI1_SCK/I2
PA5 TMR2 EXT ST CK USART3_CK USART3_RX
SPI1_MISO/2 USART3_CT
PAG6 TMR1_BRK TMR3_CH1 ST MCK 1252_MCK S
PA7 TMRL_CH1C TMR3_CH2 12c3_SCL Sp'é—l“"gg'/ 12 USART3_TX
PAS8 CLKOUT TMR1_CH1 TMR9_BRK 12C3_SCL USART1_CK
PA9 CLKOUT TMR1_CH2 12C3_SMBA SPZZ—SCCIE’ 12 USART1_TX
ERTC_REFI SPI2_MOSI/I2
PA10 N TMR1_CH3 S2 SD USART1_RX
PA11 TMR1_CH4 12C2_SCL SPi2_CS/i2s 12C1_SMBA USARTL_CT
2_WS S
SPI2_MISO/I2 USART1_RT
PA12 TMR1_EXT 12C2_SDA S2.MCK S DE
JTMS SPI3_MISO/I2S3_M
PA13 SWDIO IR_OUT 12C1_SDA 12S_SDEXT oK
JTCK SPI3_MOSI/I2S3_S
PA14 SWCLK 12C1_SMBA A
TMR2_CH1 SPI1_CS/I2S
PA15 JTDI TMR2_EXT 1ws SPI3_CS/12S3_WS USART1_TX
D . 1 ] S S T -
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Pin MUX8 MUX9 MUX10 MUX11 MUX12 MUX13 MUX14 MUX15
PAO USART4_TX EVENTOUT
PA1 USA§T4—R EVENTOUT
PA2 CAN2_RX XMC_D4 EVENTOUT
PA3 CAN2_TX XMC_D5 EVENTOUT
PA4 USART6_TX | TMR14_CH1 OTGFS_OE XMC_D6 EVENTOUT
PAS5 USARTER | TMR13_cH1C XMC_D7 EVENTOUT
PAG6 USAF;Ts—R TMR13_CH1 EVENTOUT
PA7 TMR14_CH1 EVENTOUT
PA8 USART2_TX | USART7_RX OTGFS_SOF EVENTOUT
PA9 12C1_SCL TMR14_BRK OTGFS_VBUS EVENTOUT
PA10 12C1_SDA OTGFS_ID EVENTOUT
PA11 USART6_TX CAN1_RX EVENTOUT
PA12 | USARTER CAN1_TX EVENTOUT
PA13 OTGFS_OE EVENTOUT
PA14 | USART2_TX EVENTOUT
PA15 USA'§<T2—R USART7_TX USART4_RTS_DE XMC_NE2 EVENTOUT
— e— - e— e -— —— 0 — —
2023.08.02 Page 101 Rev 2.02



<

5

AT32F423 Series Reference Manual

Table 6-2 Port B multiplexed function configuration with GPIOA_MUX* register

Pin MUXO MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
SPI1_MISO/ | SPI3_MOSII2S3_S

PBO TMR1_CH2C TMR3_CH3 1257 MCK b USART2_RX

PB1 TMR1_CH3C TMR3_CH4 SPMOS! ! | SPI2_SCKNI2S2_CK | USART2_CK

PB2 TMR2_CH4 TMR3_EXT 12C3_SMBA SPI3_M og'/ 1283_S

JTDO SPI1_SCK/I2
PB3 SWo TMR2_CH2 12C2_SDA ST CK SPI3_SCK/I2S3_CK | USART1_RX
SPI1_MISO/2 | SPI3_ MISO/NI2S3_ M | USART1_CT

PB4 JNTRST TMR3_CH1 TMR11_BRK 12C3_SDA ST_MCK oK s

PB5 TMR3_CH2 TMR10_BRK 12C3_SMBA SPILMOSVIZ | SPIS_MOSIIZS3.S 4 ysarT1_cK

PB6 TMR4_CH1 TMR10_CHAC 12C1_SCL 1281_MCK ?ZPSK;_(\?VSS/ USART1_TX

PB7 TMR4_CH2 TMR11_CH1C 12C1_SDA s ok USART1_RX

TMR2_CH1 SPI3_MISO /
PB8 TMR2 EXT TMR4_CH3 TMR10_CH1 12C1_SCL 1253, MCK USART1_TX
SPI2_CS/I2S SPI3_MOSI /

PB9 IR_OUT TMR2_CH2 TMR4_CH4 TMR11_CH1 12C1_SDA Swe 126350 12C2_SDA
PB10 TMR2_CH3 12C2_SCL e 1283_MCK USART3_TX
PB11 TMR2_CH4 12C2_SDA USART3_RX
PB12 TMR1_BRK TMR12_BRK 12C2_SMBA Sp'g—\‘,:vss“zs SPI3_SCK/I2S3_CK
PB13 CLKOUT | TMR1_CH1C TMR12_CH1C 12C3_SMBA Nl e 12C3_SCL

SPI2_MISO/I2 USART3_RT
PB14 TMR1_CH2C 12C3_SDA S2.MCK 12S_SDEXT S DE
ERTC_R SPI2_MOSI/I2
PB15 i TMR1_CH3C TMR12_CH1C 12C3_SCL 23'sh
. ] D S N [ ] ] ] ]
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Pin MUX8 MUX9 MUX10 MUX11 MUX12 MUX13 MUX14 MUX15
PB0O USART3_CK EVENTOUT
PB1 USARTSRTS_ | 1mR14_CH1 EVENTOUT
PB2 TMR14_CH1C EVENTOUT
PB3 USARTI_RTS_ USART7_RX USART5_TX EVENTOUT
PB4 12S_SDEXT USART7_TX USART5_RX EVENTOUT
PB5 USART5_RX CAN2_RX USARTE’E—RTS—D EVENTOUT
PB6 USART5_TX CAN2_TX USART4_CK EVENTOUT
PB7 USART4_CTS XMC_NADV EVENTOUT
PB8 USART5_RX CAN1_RX EVENTOUT
PB9 USART5_TX CAN1_TX 1281_MCK EVENTOUT

PB10 XMC_NOE EVENTOUT
PB11 TMR13_BRK EVENTOUT
PB12 USART3_CK CAN2_RX XMC_D13 EVENTOUT
PB13 USART3_CTS CAN2_TX EVENTOUT
PB14 TMR12_CH1 XMC_DO EVENTOUT
PB15 TMR12_CH2 EVENTOUT

— e— ——— e ——— e— —— —— -
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Table 6-3 Port C multiplexed function configuration with GPIOA_MUX* register

Pin MUXO0 MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
PCO 12C3_SCL 12C1_SCL
SPI3_MOSI/I2 | SPI2_MOSI/I2S2_S
PC1 12C3_SDA S3.5D D 12C1_SDA
SPI2_MISO/I2
PC2 S5 MOK 12S_SDEXT
SPI2_MOSI/I2
PC3 S2_SD
PC4 TMR9_CH1 1281_MCK USART3_TX
PC5 TMR9_CH2 12C1_SMBA USART3_RX
PC6 TMR1_CH1 TMR3_CH1 12C1_SCL 1282_MCK
PC7 TMR1_CH2 TMR3_CH2 12C1_SDA spgz_scc&(/ 12 1283_MCK
PC8 TMR1_CH3 TMR3_CH3 USART8_TX
PC9 CLKOUT TMR1_CH4 TMR3_CH4 12C3_SDA USART8_RX
PC10 SPI3_SCK/I2S3_CK | USART3_TX
PC11 12S_SDEXT SPB—"’”SE/ 1283 M | ysaRT3_RX
PC12 TMR11_CH1 12C2_SDA SPI3_MOSII2S3.S | ysarTs_ck
PC13
PC14
PC15
D - . S [ T - T
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Pin MUX8 MUX9 MUX10 MUX11 MUX12 MUX13 MUX14 MUX15
PCO USA*;(TG—T USART7_TX EVENTOUT
PC1 | USARTER | ysarT7 Rx EVENTOUT
PC2 USAT(TS—T XMC_NWE EVENTOUT
PC3 USAF;(Ts—R XMC_AO EVENTOUT
PC4 TMRI3 CH1 XMC_NE4 EVENTOUT
PC5 TMR13_CH1C XMC_NOE EVENTOUT
PC6 USATG—T USART7_TX XMC_D1 EVENTOUT
PC7 | USARTOR ' ysart7_Rx XMC_NADV EVENTOUT
PC8 USA'I?(TG_C EVENTOUT
PC9 12C1_SDA OTGFS_OE EVENTOUT

PC10 USAF;(M—T EVENTOUT
PC11 USA';T“—R XMC_D2 EVENTOUT
PC12 USA'T(T“—C USART5_TX XMC_D3 EVENTOUT
PC13 EVENTOUT
PC14 EVENTOUT
PC15 EVENTOUT
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Table 6-4 Port D multiplexed function configuration with GPIOA MUX* register

Pin MUXO0 MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
PDO SPI3_MO§I/I2S3_S splgj?vssnzs
PD1 SPI2_SCK/I252_CK SP'%VCV%'ZS
PD2 TMR3_EXT USAS'E?I’E—RT
PD3 spgz__scclsnz SPI2_MI(S;()/I2S2_M USARSTZ_CT
PD4 SPI2_MODSI/I282_S USASFj'BZE_RT
PD5 USART2_TX
PD6 sp|g§|\_/|§)§ 2 USART2_RX
PD7 USART2_CK
PD8 USART3_TX
PD9 USART3_RX

PD10 USART3_CK
PD11 12C2_SMBA USARST s.CcT
PD12 TMR4_CH1 12C2_SCL USASFjTD?E—RT
PD13 TMR4_CH2 12C2_SDA
PD14 TMR4_CH3 12C3_SCL
PD15 TMR4_CH4 12C3_SDA
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Pin MUX8 MUX9 MUX10 MUX11 MUX12 MUX13 MUX14 MUX15
PDO USAF;(T“—R CAN1_RX XMC_D2 EVENTOUT
PD1 USAT(T“—T CAN1_TX XMC_D3 EVENTOUT
PD2 USAT(TS—R XMC_NWE EVENTOUT
PD3 XMC_CLK EVENTOUT
PD4 XMC_NOE EVENTOUT
PD5 XMC_NWE EVENTOUT
PD6 XMC_NWAIT EVENTOUT
PD7 XMC_NE1 EVENTOUT
PD8 TMR12_CH2C XMC_D13 EVENTOUT
PD9 XMC_D14 EVENTOUT

PD10 USAT“—T XMC_D15 EVENTOUT
PD11 XMC_A16 EVENTOUT
PD12 EfRA.'?STfﬁcE: XMC_A17 EVENTOUT
PD13 USATS—T XMC_A18 EVENTOUT
PD14 USAF§(T8—R XMC_DO EVENTOUT
PD15 USARST_%EK—RT XMC_D1 EVENTOUT
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Table 6-5 Port E multiplexed function configuration with GPIOA MUX* register

Pin MUXO0 MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
PEO TMR4_EXT
PE1 TMR1_CH2C
PE2 TMR3_EXT TMR9_BRK
PE3 TMR3_CH1 TMR9_CH2C
PE4 TMR3_CH2 TMR9_CH1C
PE5 TMR3_CH3 TMR9_CH1
PE6 TMR3_CH4 TMR9_CH2
PE7 TMR1_EXT
PES8 TMR1_CH1C
PE9 TMR1_CH1
PE10 TMR1_CH2C
PE11 TMR1_CH2
PE12 TMR1_CH3C SPIJZSVSS/IZS
PE13 TMR1_CH3 SPQT_SCCIE/Q
PE14 TMR1_CH4 SPQ(_W(S)E/Q
PE15 TMR1_BRK SPI1S_1!\_/I§§I/I2
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Pin MUX8 MUX9 MUX10 MUX11 MUX12 MUX13 MUX14 MUX15
PEOQO USAF;(Ts—R TMR13_CH1 XMC_LB EVENTOUT
PE1 USAF;(TS—T TMR14_CH1 XMC_UB EVENTOUT
PE2 TMR14_CH1C XMC_A23 EVENTOUT
PE3 TMR14_BRK XMC_A19 EVENTOUT
PE4 XMC_A20 EVENTOUT
PES5 XMC_A21 EVENTOUT
PE6 XMC_A22 EVENTOUT
PE7 USARTS C USART7_RX XMC_D4 EVENTOUT
PES8 USASTET USART7_TX XMC_D5 EVENTOUT
PE9 USA';T“—R XMC_D6 EVENTOUT
PE10 USAF;(TS—T XMC_D7 EVENTOUT
PE11 USA'§<T5—R XMC_D8 EVENTOUT
PE12 XMC_D9 EVENTOUT
PE13 XMC_D10 EVENTOUT
PE14 XMC_D11 EVENTOUT
PE15 XMC_D12 EVENTOUT
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Table 6-6 Port F multiplexed function configuration with GPIOA MUX* register

Pin MUXO0 MUX1 MUX2 MUX3 MUX4 MUX5 MUX6 MUX7
PFO TMR1_CH1 12C1_SDA
SPI2_CS/
PF1 TMR1_CH2C 12C1_SCL 1252 WS
SPI2_SCK/I2
PF2 S2_CK
PF6 TMR2_CH1 12C2_SCL
PF8 TMR2_CH2 12C2_SDA
PF9 TMR4_CH1
PF10 TMR4_CH2
Pin MUX8 MUX9 MUX10 MUX11 MUX12 MUX13 MUX14 MUX15
PFO EVENTOUT
PF1 EVENTOUT
USART7_CK_RT
PF2 S.DE EVENTOUT
PF6 USART7_RX EVENTOUT
PF8 USART7_TX EVENTOUT
PF9 USART6_T EVENTOUT
X TMR12_CH1
PF10 USART6_R EVENTOUT
X TMR12_CH2

Note: EVENTOUT is the TXEV signal of Cortex-M.

6.2.10

6.2.11

Peripheral MUX function configuration

IOMUX function configuration as follows:

CRM; there is no need of GPIO status configuration.

IOMUX mapping priority

To use a peripheral pin in MUX output, it is configured as multiplexed push-pull/open-drain output.
To use a peripheral pin in MUX input, it is configured as floating input/pull-up/pull-down input.

For ADC peripherals, the pins of analog channels should be configured as analog input/output mode.
For I°C peripherals that intend to use pins as bidirectional functions, open-drain mode is required.
For USB OTGFS_ID pin, configure the corresponding IOMUX and enable corresponding clocks in

The unique peripheral multiplexed function can be configured through the GPIOx_MUXL/GPIOx_MUXH
register, except individual pins that may be directly owned by hardware.

Some pins have been directly owned by specific hardware feature, whatever GPIO configuration.

Table 6-7 Pins owned by hardware

Pin Enable bit Description

PAO PWC_CTRLSTS[8] =1 Once enabled, PAO pin acts as WKUP1 of PWC.
PC13 PWC_CTRLSTS[9]=1 Once enabled, PAO pin acts as WKUP2 of PWC.
PB5 PWC CTRLSTS[13] =1 Once enabled, PB5 pin acts as WKUP6 of PWC.
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PB15 PWC_ CTRLSTS[14] =1 Once enabled, PB15 pin acts as WKUP7 of PWC.
(ERTC_CTRL[23]=1)|
(ERTC_CTRL[22:21]'=00)|
(ERTC_CTRL[11]=1& -
PC13 ERTC_TAMP[17]=0)| Once enabled, PC13 pin is used as RTC channel.
(ERTC_TAMP[0]=1&
ERTC_TAMP[16]=0)
(ERTC_CTRL[11]=1&
ERTC_TAMP[17]=1)|
PAO (ERTC_TAMP[0]=1& Once enabled, PAO pin is used as TAMPER2_BPR.
ERTC_TAMP[16]=1)|
(ERTC_TAMP[3]=1)
PC14 CRM _BPDCJ0]=1 Once enabled, PC14 is used as LEXT channel.
CRM_BPDC[0]-1 & .
PC15 CRM_BPDC[2]=0 Once enabled, PC15 is used as LEXT channel.
PA4 DAC_CTRL[2] =1 Once enabled, PA4 is used as DAC1 analog channel.
PA5 DAC_CTRL[18] =1 Once enabled, PA5 is used as DAC2 analog channel.
PFO CRM CTRL[16]=1 Once enabled, PFO is used as HEXT channel.
CRM_CTRL[16]=1& .
PF1 CRM_CTRL[18]=0 Once enabled, PF1 is used as HEXT channel.
CRM_AHBEN2[7] & . i
PAl1l OTGFS_GCCFG[16] Once enabled, PA11l is used as OTGFS_D- channel.
PA12 CRM_AHBEN2[7] & Once enabled, PA12 is used as OTGFS_D+ channel.

OTGFS GCCFG[16]
Note: PAO and PC13 cannot enable TAMPER _BPR function and WKUP of PWC at the same time.

6.2.12 External interrupt/wake-up lines

Each pin can be used as an external interrupt input. The corresponding pin should be configured as
input mode.

6.3 GPIO registers

The table below lists GPIO register map and their reset values. These peripheral registers can be
accessed by bytes (8 bits), half-words (16 bits) or words (32 bits).

Table 6-8 GPIO register map and reset values

Register Offset Reset value
GPIOA_CFGR 0x00 0xA800 0000
0x0000 0280(B)
GPIOx_CFGR(x =B,C,F) 0x00
0x0000 0000
GPIOx_OMODER 0x04 0x0000 0000
0x0000 00CO(B)
GPIOx_ODRVR 0x08
~ 0x0000 0000
GPIOA_PULL 0x0C 0x6400 0000(A)
0x0000 0100(B)
GPIOXx_PULL(x = B,C,F) 0x0C
0x0000 0000
GPIOx_IDT 0x10 0x0000 XXXX
GPIOx_ODT 0x14 0x0000 0000
GPIOx_SCR 0x18 0x0000 0000
GPIOX_WPR 0x1C 0x0000 0000
GPIOx_MUXL 0x20 0x0000 0000
GPIOx_MUXH 0x24 0x0000 0000
GPIOx_CLR 0x28 0x0000 0000
GPIOX_TGR 0x2C 0x0000 0000
GPIOx_HDRV 0x3C 0x0000 0000
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6.3.1 GPIO configuration register (GPIOx_CFGR) (x=A..F)
Reset value: 0xa8000000 for port A,
0x0000 0280 for port B,

0x00000000 for other ports.
Bit Register Reset value Type Description

GPIOx mode configuration (y=0~15)

This field is used to configure the GPIOx mode:
00: Input mode (reset state)

01: General-purpose output mode

10: Multiplexed function mode

11: Analog mode

Bit 2y+1:2y IOMCy OXA800 0000 rw

6.3.2 GPIO output mode register (GPIOx OMODE) (x=A..F)

Bit Register Reset value Type Description

Bit 31:16 Reserved 0x0000 resd Always 0.

GPIOx output mode configuration (y=0..15)

This field is used to configure the output mode of GPIOXx:
0: Push-pull (reset state)

1: Open-drain

6.3.3 GPIO drive capability register (GPIOx_ODRVR) (x=A..F)

Reset value: 0x0000 00CO for port B,

0x00000000 for other ports.
Bit Register Reset value Type Description
GPIOx drive capability (y=0..15)
This field is used to configure the 10 port drive capability.
Bit 2y+1:2y ODRVy 0x0000 0000 rw x0: Normal sourcing/sinking strength
01: Large sourcing/sinking strength
11: Normal sourcing/sinking strength

Bit 15:0 OM 0x0000 rw

6.3.4 GPIO pull-up/pull-down register (GPIOx_PULL) (x=A..F)

Reset value: 0x6400 0000 for port A,
0x0000 0100 for port B,

0x00000000 for other ports.
Bit Register Reset value Type Description

GPIOx pull-up/pull-down configuration (y=0...15)

This field is used to configure the pull-up/pull-down of the
10 port.

00: No pull-up/pull-down

01: Pull-up

10: Pull-down

Bit 2y+1:2y PULLy 0x6400 0000 1w

6.3.5_GPIO input data register (GPIOx_IDT) (X=A..F)

Bit Register Reset value Type Description
Bit 31:16  Reserved 0x0000 resd Always 0.
GPIOx input data
Bit 15:0 IDT OXXXXX ro It indicates the input status of I/O port. Each bit

corresponds to an /0.
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6.3.6 GPIO output data register (GPIOx ODT) (x=A..F)

Bit Register Reset value Type Description

Bit 31:16 Reserved 0x0000 resd Always 0.
GPIOx output data
Each bit represents an I/O port.
Bit 15:0 oDT 0x0000 rw It indicates the output status of /O port.
0: Low
1: High

6.3.7 GPIO set/clear register (GPIOx SCR) (x=A..F)

Bit Register Reset value Type Description

GPIOx clear bit
The corresponding ODT register bit is cleared by writing
“1” to these bits. Otherwise, the corresponding ODT

Bit 31:16 IOCB 0x0000 wo register bit remains unchanged, which acts as ODT
register bit operations.
0: No action to the corresponding ODT bits
1: Clear the corresponding ODT bits
GPIOx set bit
The corresponding ODT register bit is set by writing “1” to
these bits. Otherwise, the corresponding ODT register bit
remains unchanged, which acts as ODT register bit

Bit 15:0 I0SB 0x0000 wo operations.
If both IOCB and IOSB bits are set to 1, the IOSB takes
the priority.
0: No action to the corresponding ODT bits
1. Set the corresponding ODT bits

6.3.8 GPIO write protection register (GPIOx WPR) (x=A..F)

Bit Register Reset value Type Description

Bit 31:17 Reserved 0x0000 resd Kept at its default value.

Write protect sequence

Write protect enable sequence bit and WPEN bit must be
enabled at the same time to achieve write protection for
some 1/O bits.

Bit 16 WPSEQ 0x0 w Write protect enable bit is executed for four times in the
order below: write “1” ->write “0” ->write “0”-> read. Note
that the value of WPEN bit cannot be modified during this
period.

Write protect enable
Bit 15:0 WPEN 0x0000 W Each bit corresponds to an 1/O port.

0: No effect
1: Write protect

6.3.9_GPIO multiplexed function low register (GPIOx_MUXL) (x=A..F)

Bit Register Reset value Type Description

Multiplexed function select for GPIOx pin y (y=0...7)
This field is used to configure multiplexed function 10s.
0000: MUXO0

0001: MUX1

0010: MUX2

0011: MUX3

0100: MUX4

0101: MUX5

0110: MUX6

0111: MUX7

1000: MUX8

1001: MUX9

1010: MUX10

1011: MUX11

1100: MUX12

1101: MUX13

Bit 4y+3:4y MUXLy 0x0 rw
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1110: MUX14
1111: MUX15

6.3.10 GPIO multiplexed function high register (GPIOx_MUXH)
(x=A..F)

Bit Register Reset value Type Description

Multiplexed function select for GPIOx pin y (y=8...15)
This field is used to configure multiplexed function 10s.
0000: MUXO0

0001: MUX1

0010: MUX2

0011: MUX3

0100: MUX4

0101: MUX5

0110: MUX6

0111: MUX7

1000: MUX8

1001: MUX9

1010: MUX10

1011: MUX11

1100: MUX12

1101: MUX13

1110: MUX14

1111: MUX15

Bit 4y+3:4y MUXHy 0x0 w

6.3.11 GPIO port bit clear register (GPIOx CLR) (x=A..F)

Bit Register Reset value Type Description

Bit 31:16  Reserved 0x0000 resd Kept at its default value.
GPIOx clear bit
The corresponding ODT register bit is cleared by writing
“1” to these bits. Otherwise, the corresponding ODT

Bit 15:0 IOCB 0x0000 wo register bit remains unchanged, which acts as ODT
register bit operations.
0: No action to the corresponding ODT bits
1: Clear the corresponding ODT bits

6.3.12  GPIO port bit toggle register (GPIOx_TOGR) (x=A..F)

Bit Register Reset value Type Description
Bit 31:16 Reserved 0x0000 resd Kept at its default value.

GPIOx toggle bit

0: No effect on the corresponding bit (equivalent to ODT
register operation)

1: Toggle the corresponding bit

Bit 15:0 I0TB 0x0000 wo

6.3.13 GPIO huge current control register (GPIOx HDRYV) (x=A..F)

Bit Register Reset value Type Description
Bit 31:16 Reserved 0x0000 resd Kept at its default value.
Huge sourcing/sinking strength control
N 0: Not active
Bit 15:0 HDRV 0x0000 w 1: GPIO is configured as maximum sourcing/sinking
strength

2023.08.02 Page 114 Rev 2.02



|- ' AT32F423 Series Reference Manual

7 System configuration controller (SCFG)

7.1 Introduction

This device contains a set of system configuration register. The system configuration controller is mainly
set to:

® Manage the external interrupts connected to the GPIOs

® Control the memory mapping mode

® Manage IRTMR GPIO configurations

7.2 SCFG registers

The table below shows SCFG register map and their reset values.
These peripheral registers must be accessed by words (32 bits).
Table 7-1 SCFG register map and reset value

Register Offset Reset value
SCFG_CFG1 0x00 0x0000 000X
SCFG_CFG2 0x04 0x0000 0000
SCFG_EXINTC1 0x08 0x0000 0000
SCFG_EXINTC2 0x0C 0x0000 0000
SCFG_EXINTC3 0x10 0x0000 0000
SCFG_EXINTC4 0x14 0x0000 0000
SCFG_UHDRV 0x2C 0x0000 0000

7.2.1_SCFG configuration register 1 (SCFG_CFG1)

Bit Register Reset value Type Description

Bit 31:8 Reserved 0x00000 00 resd Kept at its default value.
Infrared modulation envelope signal source selection
This field is used to select the infrared modulation
envelope signal source.
Bit 7:6 IR_SRC_SEL 0x0 rw 00: TMR10
01: USART1
10: USART2
11: Reserved
Infrared output polarity selection
Bit 5 IR_POL 0x0 rw 0: Infrared output (IR_OUT) is not inversed
1: Infrared output (IR_OUT) is inversed
Bit 4:2 Reserved 0x0 resd Kept at its default value.
Boot mode status bit
This bit is read-only, indicating the boot mode after reset.
Bit 1:0 MEM_MAP_SEL 0xX ro X0: Boot from main Flash memory
01: Boot from system memory
11: Boot from internal SRAM

7.2.2 SCFG configuration register 2 (SCFG CFG2)

Bit Register Reset value Type Description

12S full duplex configuration bit

It is used to configure I2S full-duplex mode.

This bit must remain 00 if there is no need for I2S full
duplex configuration. Refer to Section 13.3.2 for details.

Bit31:30  12S_FD 0x0 w 00: SPI/I>’S1~3 operates separately
01: 1281 and I12S3 are configured as full-duplex mode
10: 12S2 and 12S3 are configured as full-duplex mode
11: 12S1 and 12S2 are configured as full-duplex mode

2023.08.02 Page 115 Rev 2.02



?I' ? AT32F423 Series Reference Manual

Bit 29:3 Reserved 0x0000 000 resd Kept at its default value.
PVM lock enable
0: Disconnect the PVM interrupt with TIM1/TIM9/
TIM10/11/12/13/14 break input. The PVMSEL and
PVMEN bits can be modified by software.
1: Connect the break input. Both PYMSEL and PVMEN
bits are read-only, and cannot be modified by software.
Bit 1 Reserved 0x0 resd Kept at its default value.
CPU lock enable
0: Disconnect CPU lock from the break input of
Bit 0 CPU_LK 0x0 rw TIM1/TIMO/TIM10/11/12/13/14
1: Connect CPU lock with the break input of
TIM1/TIM9/TIM10/11/12/13/14

Bit 2 PVM_LK 0x0 rw

7.2.3 SCFG external interrupt configuration register 1
(SCFG EXINTC1)

Bit Register Reset value Type Description

Bit 31:16  Reserved 0x0000 resd Kept at its default value.
EXINT3 input source configuration
These bits are used to select the input source for the
EXINT3 external interrupt.
0000: GPIOA pin 3
Bit 15:12  EXINT3 0x0 rw 0001: GPIOB pin 3
0010: GPIOC pin 3
0011: GPIOD pin 3
0100: GPIOE pin 3
Others: Reserved
EXINT2 input source configuration
These bits are used to select the input source for the
EXINT2 external interrupt.
0000: GPIOA pin 2
0001: GPIOB pin 2
0010: GPIOC pin 2
0011: GPIOD pin 2
0100: GPIOE pin 2
0101: GPIOF pin 2
Others: Reserved
EXINT1 input source configuration
These bits are used to select the input source for the
EXINT1 external interrupt.
0000: GPIOA pin 1
0001: GPIOB pin 1
0010: GPIOC pin 1
0011: GPIOD pin 1
0100: GPIOE pin 1
0101: GPIOF pin 1
Others: Reserved
EXINTO input source configuration
These bits are used to select the input source for the
EXINTO external interrupt.
0000: GPIOA pin 0
0001: GPIOB pin 0
0010: GPIOC pin 0
0011: GPIOD pin 0
0100: GPIOE pin 0
0101: GPIOF pin 0
Others: Reserved

Bit 11:8 EXINT2 0x0 rw

Bit 7:4 EXINT1 0x0 rw

Bit 3:0 EXINTO 0x0 rw
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7.2.4 SCFG external interrupt configuration register 2

(SCEG_EXINTC2)

Bit Register

Reset value

Type

Description

Bit 31:16  Reserved

0x0000

resd

Kept at its default value.

Bit 15:12  EXINT7

0x0

EXINT7 input source configuration

These bits are used to select the input source for the

EXINT7 external interrupt.

0000: GPIOA pin7
0001: GPIOB pin 7
0010: GPIOC pin 7
0011: GPIOD pin 7
0100: GPIOE pin 7
Others: Reserved

Bit 11:8 EXINT6

0x0

EXINTG input source configuration

These bits are used to select the input source for the

EXINT6 external interrupt.

0000: GPIOA pin 6
0001: GPIOB pin 6
0010: GPIOC pin 6
0011: GPIOD pin 6
0100: GPIOE pin 6
0101: GPIOF pin 6
Others: Reserved

Bit 7:4 EXINT5

0x0

EXINTS input source configuration

These bits are used to select the input source for the

EXINTS external interrupt.

0000: GPIOA pin 5
0001: GPIOB pin 5
0010: GPIOC pin 5
0011: GPIOD pin 5
0100: GPIOE pin 5
Others: Reserved

Bit 3:0 EXINT4

0x0

EXINT4 input source configuration

These bits are used to select the input source for the

EXINT4 external interrupt.

0000: GPIOA pin 4
0001: GPIOB pin 4
0010: GPIOC pin 4
0011: GPIOD pin 4
0100: GPIOE pin 4
Others: Reserved

7.2.5 SCFG external interrupt configuration register 3

(SCFG EXINTC3)

Bit Register

Reset value

Type

Description

Bit 31:16  Reserved

0x0000

resd

Kept at its default value.

Bit 15:12  EXINT11

0x0

EXINT11 input source configuration

These bits are used to select the input source for the

EXINT11 external interrupt.

0000: GPIOA pin 11
0001: GPIOB pin 11
0010: GPIOC pin 11
0011: GPIOD pin 11
0100: GPIOE pin 11
Others: Reserved

Bit 11:8 EXINT10

0x0

EXINT10 input source configuration

These bits are used to select the input source for the

EXINT10 external interrupt.

0000: GPIOA pin 10
0001: GPIOB pin 10
0010: GPIOC pin 10
0011: GPIOD pin 10
0100: GPIOE pin 10
0101: GPIOF pin 10
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Others: Reserved

EXINT9 input source configuration
These bits are used to select the input source for the
EXINT9 external interrupt.

0000: GPIOA pin 9

0001: GPIOB pin 9

0010: GPIOC pin 9

0011: GPIOD pin 9

0100: GPIOE pin 9

0101: GPIOF pin 9

Others: Reserved

EXINTS8 input source configuration
These bits are used to select the input source for the
EXINTS8 external interrupt.

0000: GPIOA pin 8

0001: GPIOB pin 8

0010: GPIOC pin 8

0011: GPIOD pin 8

0100: GPIOE pin 8

0101: GPIOF pin 8

Others: Reserved

Bit 7:4 EXINT9 0x0 rw

Bit 3:0 EXINTS8 0x0 rw

7.2.6 SCFG external interrupt configuration register 4
(SCFG EXINTC4)

Bit Register Reset value Type Description

Bit 31:16  Reserved 0x0000 resd Kept at its default value.
EXINT15 input source configuration
These bits are used to select the input source for the
EXINT15 external interrupt.
0000: GPIOA pin 15
Bit 15:12 EXINT15 0x0 rw 0001: GPIOB pin 15
0010: GPIOC pin 15
0011: GPIOD pin 15
0100: GPIOE pin 15
Others: Reserved
EXINT14 input source configuration
These bits are used to select the input source for the
EXINT14 external interrupt.
0000: GPIOA pin 14
Bit 11:8 EXINT14 0x0 rw 0001: GPIOB pin 14
0010: GPIOC pin 14
0011: GPIOD pin 14
0100: GPIOE pin 14
Others: Reserved
EXINT13 input source configuration
These bits are used to select the input source for the
EXINT13 external interrupt.
0000: GPIOA pin 13
Bit 7:4 EXINT13 0x0 rw 0001: GPIOB pin 13
0010: GPIOC pin 13
0011: GPIOD pin 13
0100: GPIOE pin 13
Others: Reserved
EXINT12 input source configuration
These bits are used to select the input source for the
EXINT12 external interrupt.
0000: GPIOA pin 12
Bit 3:0 EXINT12 0x0 rw 0001: GPIOB pin 12
0010: GPIOC pin 12
0011: GPIOD pin 12
0100: GPIOE pin 12
Others: Reserved
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7.2.7 SCFG ultra high souring/sinking strength (SCFG UHDRYV)

Bit Register Reset value Type Description
Bit 31:7 Reserved 0x0000 000 resd Kept at its default value.
PD13 Ultra high sourcing/sinking strength
This bit is written by software to control PD13 PAD
sourcing/sinking strength.
Bit 6 PD13_UH 0x0 rw 0: Not active
1: Corresponding GPIO is switched to ultra high
sourcing/sinking strength. When this bit is set, the control
bits of GPIOx_ODRVR&GPIOx HDRV becomes invalid.
PD12 Ultra high sourcing/sinking strength
This bit is written by software to control PD12 PAD
sourcing/sinking strength.
Bit 5 PD12_UH 0x0 rw 0: Not active
1: Corresponding GPIO is switched to ultra high
sourcing/sinking strength. When this bit is set, the control
bits of GPIOx_ ODRVR&GPIOx HDRV becomes invalid.
Bit 4 Reserved 0x0 resd Kept at its default value.
PB8 Ultra high sourcing/sinking strength
This bit is written by software to control PD8 PAD
sourcing/sinking strength.
Bit 3 PB8 UH 0x0 rw 0: Not active
1: Corresponding GPIO is switched to ultra high
sourcing/sinking strength. When this bit is set, the control
bits of GPIOx ODRVR&GPIOx HDRV becomes invalid.
Bit 2 Reserved 0x0 resd Kept at its default value.
PB9 Ultra high sourcing/sinking strength
This bit is written by software to control PD9 PAD
sourcing/sinking strength.
Bit 1 PB9_UH 0x0 rw 0: Not active
1: Corresponding GPIO is switched to ultra high
sourcing/sinking strength. When this bit is set, the control
bits of GPIOx_ODRVR&GPIOx_HDRV becomes invalid.
Bit 0 Reserved 0x0 resd Kept at its default value.
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8 External interrupt/event controller (EXINT)

8.1 EXINT introduction

EXINT consists of 25 interrupt lines EXINT_LINE[28:0] (in which 19, 20, 24 and 27 bits are reserved),
each of which can generate an interrupt or event by edge detection trigger or software trigger. EXINT
can enable or disable an interrupt or event independently through software configuration, and utilizes
different edge detection modes (rising edge, falling edge or both edges) as well as trigger modes (edge
detection, software trigger or both triggers) to respond to trigger source in order to generate an interrupt
or event.

Figure 8-1 External interrupt/event controller block diagram

EXINTx(x=0~15)

PAX(x=0~15) EXINT_POLCFG1[28:0)]

PBX(x=0~15) edg"e
PCx(x=0~15)
PDx(x=0-15;
PEX(x=0~15)

PFx(x=0,1,2,6,8,9,10)

EXINT_INTEN[28:0]
EXINT_SWTRG[ZB.O]’ Interrupt 0~28

EXINT_EVTEN][28:! Event 0~28

EXINT_LINE[15:0] EXINT_LINE[28:0]

EXINT_POLCFG2[28:0]

Falling
edge

PVM output EXINT_LINE[16] EXINT_LINE[28:16]

ERTC alarm event EXINT_LINE[17]

OTGFS wakeup EXINT_LINE[18]

ERTC tamper and time stamp EXINT_LINE[21]

ERTC wakeup EXINT_LINE[22]

12C1 wakeup EXINT_LINE[23]

USART1 wakeup EXINT_LINE[25]

USART2 wakeup EXINT_LINE[26]

USART3 wakeup EXINT_LINE[28]

Main features:

EXINT interrupt lines 0~15 mapping IO can be configured independently
Independent trigger selection on each interrupt line

Independent enable bit on each interrupt

Independent enable bit on each event

Up to 25 software triggers that can be generated and cleared independently
Independent status bit on each interrupt

Each interrupt can be cleared independently

8.2 Function overview and configuration procedure

With up to 25 interrupt lines EXINT_LINE[28:0] (in which 19, 20, 24 and 27 bits are reserved), EXINT
can detect not only GPIO external interrupt sources but also nine internal sources such as PVM output,
ERTC alarm events, ERTC tamper and time stamp events, ERTC wakeup events, OTGFS wakeup
events, USART1/USART2/USART3 wakeup events and 12C1 wakeup events through edge detection
mechanism, where, GPIO interrupt sources can be selected with the SCFG_EXINTCx register. It should
be noted that these input sources are mutually exclusive. For example, EXINT_LINEO is allowed to
select only one of PAO/PBO/PCO/PDO pins, instead of taking both PAO and PBO as the input sources at
the same time.

EXINT supports multiple edge detection modes, including rising edge, falling edge or both edges,
selected by EXINT_POLCFG1 and EXINT_POLCFG2 register. Active edge trigger detected on the
interrupt line can be used to generate an event or interrupt.

In addition, EXINT supports independent software trigger for the generation of an event or interrupt. This
is achieved by setting the corresponding bits in the EXINT_SWTRG register

EXINT can enable or disable an interrupt or event individually through software configuration such as
EXINT_INTEN and EXINT_EVTEN register, indicating that the corresponding interrupt or event must be
enabled prior to either edge detection or software trigger.

EXINT also features an independent interrupt status bit. Reading access to EXINT_INTSTS register can
obtain the corresponding interrupt status. The status flag is cleared by writing “1” to this register.
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Interrupt initialization procedure
Select an interrupt by setting the SCFG_EXINTCx register (this is required if GPIO is used as an

interrupt source);

Select a trigger mode by setting the EXINT_POLCFG1 and EXINT_POLCFG2 registers;
Enable interrupt or event by setting the EXINT_INTEN and EXINT_EVTEN registers;
Generate software trigger by setting the EXINT_SWTRG register (this is applied to only software

trigger interrupt).

Note: To modify the interrupt source configuration, disable the EXINT_INTEN and EXINT_EVTEN
registers and then restart interrupt initialization.

Interrupt clear procedure
Writing “1” to the EXINT_INTSTS register to clear the interrupts generated, and the
corresponding bits in the EXINT_SWTRG register.

8.3 EXINT registers

The table below shows EXINT register map and their reset value.
These peripheral registers must be accessed by words (32 bits).
Table 8-1 External interrupt/event controller register map and reset value

Register Offset Reset value
EXINT _INTEN 0x00 0x0000 0000
EXINT_EVTEN 0x04 0x0000 0000
EXINT_POLCFG1 0x08 0x0000 0000
EXINT_POLCFG2 0x0C 0x0000 0000
EXINT_ SWTRG 0x10 0x0000 0000
EXINT_INTSTS 0x14 0x0000 0000
8.3.1 Interrupt enable register (EXINT INTEN)
Bit Register Reset value Type Description
Bit 31:29 Reserved 0x0 resd Forced to 0 by hardware.
Interrupt enable or disable on line x
Bit 28:0 INTENx 0x00000 W 0: Interrupt request is disabled

1: Interrupt request is enabled
Note: The 19, 20, 24 and 27 bits are reserved and unused.

8.3.2_Event enable register (EXINT_EVTEN)

Bit Register Reset value Tﬁe Description
Bit 31:29  Reserved 0x0 resd Forced to 0 by hardware.

Event enable or disable on line x
Bit 28:0 EVTENX 0x00000 W 0: Event request is disabled

1: Event request is enabled
Note: The 19, 20, 24 and 27 bits are reserved and unused.

8.3.3_Polarity configuration register 1 (EXINT_POLCFG1)

Bit

Register Reset vaILTe

Type

Description

Bit 31:29 Reserved 0x0

resd

Forced to 0 by hardware.

Bit 28:0 RPx 0x00000

Rising polarity configuration bit of line x

These bits are used to select a rising edge to trigger an
interrupt and event on line x.

0: Rising edge trigger on line x is disabled

1: Rising edge trigger on line x is enabled

Note: The 19, 20, 24 and 27 bits are reserved and unused.
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8.3.4 Polarity configuration register 2 (EXINT POLCFG2)

Bit Register Reset value Type Description
Bit 31:29  Reserved resd Forced to 0 by hardware.

Falling polarity event configuration bit of line x

These bits are used to select a falling edge to trigger an
Bit 28:0 FRx W interrupt and event on line x.

0: Falling edge trigger on line x is disabled
1: Falling edge trigger on line x is enabled
Note: The 19, 20, 24 and 27 bits are reserved and unused.

8.3.5_Software trigger register (EXINT_SWTRG)

Bit

Register

Reset value

Type

Description

Bit 31:29

Reserved

resd

Forced to 0 by hardware.

Bit 28:0

SWTx

rw

Software trigger on line x

If the corresponding bit in EXINT_INTEN register is 1, the
software writes to this bit. The hardware sets the
corresponding bit in the EXINT_INTSTS register
automatically to generate an interrupt.

If the corresponding bit in EXINT_EVTEN register is 1,
the software writes to this bit. The hardware generates an
event on the corresponding interrupt line automatically.

0: Default value

1: Software trigger generated

Note: This bit is cleared by writing 1 to the corresponding
bit in the EXINT_INTSTS register.

Note: The 19, 20, 24 and 27 bits are reserved and
unused.

8.3.6 Interrupt status register (EXINT INTSTS)

Bit

Register

Reset value

Type

Description

Bit 31:29

Reserved

resd

Forced to 0 by hardware.

Bit 28:0

LINEx

rwic

Line x state bit

0: No interrupt occurred

1: Interrupt occurred

Note: This bit is cleared by writing “1”.

Note: The 19, 20, 24 and 27 bits are reserved and
unused.
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9 DMA controller (DMA)

9.1 Introduction

Direct memory access (DMA) controller is designed for high speed data transmission between
peripherals and memory or between memories. The data can be transmitted through DMA at a high
speed without CPU interference, which saves CPU capacity.

There are two DMA controllers in the microcontroller. Each controller contains 7 DMA channels that
manage memory access requests from one or more peripherals. An arbiter is available for coordinating
the priority of each DMA request.

9.2 Main features

AMBA compliant (Rev. 2.0)

Only support AHB OKAY and ERROR responses

HBUSREQ and HGRANT of AHB master interface are not supported

Support 7 channels

Peripheral-to-memory, memory-to-peripheral, and memory-to-memory transfers
Support hardware handshake

Support 8-bit, 16-bit and 32-bit data transfers

Programmable amount of data to be transferred: up to 65535

Support multiplexing

Figure 9-1 DMA block diagram

DMA1

——ch 1w AHB
L cho-p»| Master

> ——ch3-»

DMA request

ADC1 TMR9  |pmA
DACL TMR10 | reques <
DAC2 TMRIL [ h

12C1 TMR12

12C2 TMR13

123 TMR14 SHB Arbiter

SPI1 USART1 ave

SPI2 USART?2 DMAMUX

SPI3 USARTS3 DMA2

TMR1 USART4

VR USARTS M DMA request ——ch1-» AHB

imsi 3§2§¥$ P ——ch2-» Master
——ch3-B»

TMR6 USARTS DMA ack -

TMR7

DMA ack L 7

——ch7-I»|

AHB Arbiter
Slave

Note: The number of DMA peripherals may be different depending on different models.

9.3 Function overview

9.3.1 DMA configuration
1. Setthe peripheral address in the DMA_CPBAX register
The initial peripheral address for data transfer remains unchanged during transmission.
2. Setthe memory address in the DMA_CMBAX register
The initial memory address for data transfer remains unchanged during transmission.
3. Configure the amount of data to be transferred in the DMA_DTCNTX register
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Programmable data transfer size is up to 65535. This value is decremented after each data transfer.

4. Configure the channel setting in the DMA_CHCTRLX register

Including channel priority, data transfer direction/width, address incremented mode, circular mode and
interrupt mode

Channel priority (CHPL)

There are four levels, including very high priority, high priority, medium priority and low priority.

If the two channels have the same priority level, then the channel with lower number will get priority over
the one with higher number. For example, channel 1 has priority over channel 2.

Data transfer direction (DTD)
Memory-to-peripheral (M2P) and peripheral-to-memory (P2M)

Address incremented mode (PINCM/MINCM)
In incremented mode, the subsequent transfer address is the previous address plus transfer width
(PWIDTH/MWIDTH).

Circular mode (LM)
In circular mode, the contents in the DMA_CxDTCNT register is automatically reloaded with the initially
programmed value after the completion of the last transfer.

Memory-to-memory mode (M2M)
This mode indicates that DMA channels perform data transfer without requests from peripherals.

Circular mode and memory-to-memory mode cannot be used at the same time.
5. Enable DMA transfer by setting the CHEN bit in the DMA_CHCTRLX register

9.3.2 Handshake mechanism

In P2M and M2P mode, the peripherals need to send a request signal to the DMA controller. The DMA
channel will send the peripheral transfer request (single) until the signal is acknowledged. After the
completion of peripheral transmission, the DMA controller sends the acknowledge signal to the
peripheral. The peripheral then releases its request as soon as it receives the acknowledge signal. At
the same time, the DMA controller releases the acknowledge signal as well.

9.3.3 Arbiter

When several channels are enabled simultaneously, the arbiter will restart arbitration after full data
transfer by the master controller. The channel with very high priority waits until the channel of the master
controller has completed data transfers before taking control of it. The master controller will re-arbitrate
to serve other channels as long as the channel completes a single transfer based on the master

controller priority
Figure 9-2 Re-arbitrate after request/acknowledge

One single transfer Antother single transfer

/
dma_req ﬁ ﬁ

dma_ack

Re-arbitrate Re-arbitrate

9.34 Programmable data transfer width

Transfer width of the source data and destination data is programmable through the PWIDTH and
MWIDTH bits in the DMA_CHCTRLXx register. When PWIDTH is not equal to MWIDTH, it can be aligned
according to the settings of PWIDTH/ MWIDTH.
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Figure 9-3 PWIDTH: byte, MWIDTH: half-word

4-word FIFO
AHB Read Sequence
b 2 b1 s>
B3 | B2 | B1 | BO
oyl
THaIf-wordZ Half-word0
Half-word3 Half-word1

AHB Write Sequence

4th 3rd 2nd 1st
HW3 HW2 HW1 HWO>

Figure 9-4 PWIDTH: half-word, MWIDTH: word

4-word FIFO
AHB Read Sequence AHB Write Sequence
4th 3rd an 1st 4th 3rd 2nd 151
L -
HW3 HW2 HW1 HWO0 W3 W2 W1 WO
B7 | B5S5 | B3 | B1
B6 | B4 | B2 [ BO
T word2 T word0
word3 word1
Figure 9-5 PWIDTH: word, MWIDTH: byte
4-word FIFO
Bl1 | B1 | B7 | B3
AHB Read Sequence AHB Write Sequence
4th 3rd 2nd 1st B1 B1 B6 B2 4th 3rd 2nd 151
w3 W2 W1l WO > BC B8 B4 BO I
B1L | B1 | B5 | B1
BC | B8 | B4 [ BO
T Byte2 T ByteO
Byte3 Bytel

9.3.5 Errors

Table 9-1 DMA error event

Error event

Transfer error

AHB response error occurred during DMA read/write access
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9.3.6 Interrupts

An interrupt can be generated on a DMA half-transfer, transfer complete and transfer error. Each channel
has its specific interrupt flag, clear and enable bits, as shown in the table below

Table 9-2 DMA interrupts

Interrupt event Event flag bit Clear control bit Enable control bit
Half transfer HDTF HDTFC HDTIEN

Transfer completed FDTF FDTFC FDTIEN

Transfer error DTERRF DTERRFC DTERRIEN

9.4 DMA multiplexer (DMAMUX)

DMAMUX manages DMA requests/acknowledge between peripherals and DMA controller.

The DMA controller selects the DMA mapping table with the TBL_SEL bit in the DMA_MUXSEL register.
Each DMA controller stream selects only one DMA request from the flexible mapping table. In flexible
mapping mode, each channel can bypass or synchronize 127 possible channel requests from
peripherals or generators through the REQSEL [6: 0] bit in the DMA_MUXCXxCTRL register.

94.1 DMAMUX function overview

The DMAMUX consists of a request generator and a request multiplexer.

Each of the DMAMUX generator channel x has a GEN enable bit in the DMA_MUXGxCTRL register.
The SIGSEL bit is used to select the trigger input of the DMAMUX generator. Typically, the number of
DMA requests equals GREQCNT + 1. The GPOL bit is used in the DMA_MUXGxCTRL register to select
a trigger event that can be on a rising edge, falling edge or either of them.

Each of the DMAMUX stream x comes from all_req [127:1].

In flexible mapping mode, the SYNCEN bit in the DMA_MUXSxCTRL register is used to synchronize the
selected DMA request input. In synchronous mode, the SYNCSEL bit in the DMA_MUXSxCTRL register
is used to select synchronized input. The selected DMA request input will be transferred to chx_mux_req
[7: 0] as soon as a valid edge of the synchronized input is detected by the SYNCPOL [1: 0] in the
DMA_MUXSxCTRL register. In addition, when the EGE bit is set in the DMA_MUXCxCTRL register, the
programmable request counter (REQCNT) is used to generate a request output and event output.

Figure 9-6 DMAMUX block diagram

DMAMUX
ADC1 TMR9 chx_req [7:0]_.>Stream X : |
DACI  TMRI10 _ Stream 2 |
DAC2 TMR11 : Stream 1 DMAMUX_SEL
12C1 TMR12 ch2_req [7:0] \k Ll
12C2 TMR13 chl_req [7:0] > H
12C3 TMR14 - REQID ., : o .
SPI1 USART1 — chx_mux_req[7:0]
SP12 USART2 | |4l req[127:5] R
SPI3 USART3 -
TMR1 USART4 >
TMR2 SUART5 . SYNC
TMR3 USART6 — Req_gen1 % :
TMR4 USART7 2
TMR6 USART8 — Req_gen2 || &
TMR7 o T
— Reqg_gen3 — g_)l —
x
+16-
— Req_gen4 |— g L syncex [x 16.0]_‘
trgx[x+16:0] | |
01 X
EXINT[x+16:0] | | |
Yy v
{dmamux_evt[x:0], exint_gpio [15:0]} dmamux_evt[x:0]
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Table 9-3 Flexible DMA1 / DMA2 request mapping

g:é— Request source g:é_ Request source g:é— Request source g:é— Request source
1 DMA_MUXREQG1 33 USART5_TX 65 TMR3_OVERFLOW 97 TMR12_TRIG
2 DMA_MUXREQG2 34 reserved 66 TMR3_TRIG 98 TMR12_HALL
3 DMA_MUXREQG3 35 reserved 67 TMR4_CH1 99 reserved

4 DMA_MUXREQG4 36 reserved 68 TMR4_CH2 100 reserved

5 ADC1 37 reserved 69 TMR4_CH3 101 reserved

6 DAC1 38 reserved 70 TMR4_CH4 102 reserved

7 reserved 39 reserved 71 TMR4_OVERFLOW 103 reserved

8 TMR6_OVERFLOW 40 reserved 72 reserved 104 reserved

9 TMR7_OVERFLOW 41 DAC2 73 reserved 105 reserved

10 SPI1_RX 42 TMR1_CH1 74 reserved 106 reserved

11 SPI1_TX 43 TMR1_CH2 75 reserved 107 reserved

12 SPI2_RX 44 TMR1_CH3 76 reserved 108 reserved

13 SPI2_TX 45 TMR1_CH4 77 reserved 109 reserved

14 SPI3_RX 46 TMR1_OVERFLOW 78 TMR9_CH1 110 reserved

15 SPI3_TX 47 TMR1_TRIG 79 TMR9_OVERFLOW 111 reserved

16 12C1_RX 48 TMR1_HALL 80 TMR9_TRIG 112 reserved

17 12C1_TX 49 reserved 81 TMR9_HALL 113 reserved

18 12C2_RX 50 reserved 82 TMR10_CH1 114 USART6_RX
19 12C2_TX 51 reserved 83 TMR10_OVERFLOW 115 USART6_TX
20 12C3_RX 52 reserved 84 TMR11_CH1 116 USART7_RX
21 12C3_TX 53 reserved 85 TMR11_OVERFLOW 117 USART7_TX
22 reserved 54 reserved 86 reserved 118 USART8 RX
23 reserved 55 reserved 87 reserved 119 USART8_TX
24 USART1_RX 56 TMR2_CH1 88 reserved 120 TMR13_CH1
25 USART1_TX 57 TMR2_CH2 89 reserved 121 TMR13_OVERFLOW
26 USART2_RX 58 TMR2_CH3 90 reserved 122 TMR14_CH1
27 USART2_TX 59 TMR2_CH4 91 reserved 123 TMR14_OVERFLOW
28 USART3_RX 60 TMR2_OVERFLOW 92 reserved 124 TMR9_CH2
29 USART3_TX 61 TMR3_CH1 93 reserved 125 TMR12_CH2
30 USART4_RX 62 TMR3_CH2 94 reserved 126 TMR2_TRIG
31 USART4_TX 63 TMR3_CH3 95 TMR12_CH1 127 TMR4_TRIG
32 USART5_RX 64 TMR3_CH4 96 TMR12_OVERFLOW

2023.08.02 Page 127 Rev 2.02



-9 AT32F423 Series Reference Manual

Table 9-4 DMAMUX EXINT LINE for trigger input and synchronized input

EXINT Source EXINT Source EXINT Source EXINT Source
LINE LINE LINE LINE

0 exint_gpio[0] 8 exint_gpio[8] 16 DMA_MUXevt1 24 reserved
1 exint_gpio[1] 9 exint_gpio[9] 17 DMA_MUXevt2 25 reserved
2 exint_gpio[2] 10 exint_gpio[10] 18 DMA_MUXevt3 ¢ reserved
3 exint_gpio[3] 11 exint_gpio[11] 19 DMA_MUXevt4 7 reserved
4 exint_gpio[4] 12 exint_gpio[12] 20 DMA_MUXevt5 g reserved
5 exint_gpio[5] 13 exint_gpio[13] 21 DMA_MUXevt6 39 reserved
6 exint_gpio[6] 14 exint_gpio[14] 22 DMA_MUXevt7 30 reserved
7 exint_gpio[7] 15 exint_gpio[15] 23 reserved 31 reserved

9.4.2 DMAMUX overflow interrupts

During DMAMUX request generation, when a new trigger input occurs before the GREQCNT underflows,
the TRGOVFx bit will be set in the DMA_MUXGSTS register. It is cleared by setting TRGOVFCx=1 in
the DMA_MUXGCLR register. An interrupt will be generated if the interrupt enable bit TRGOVIEN is set
in the DMA_MUXGXCTRL register.

In DMAMUX synchronous mode, when a new synchronized input occurs before the REQCNT underflows,
the SYNCOVFx bit will be set in the DMA_MUXSYNCSTS register. It is cleared by setting
SYNCOVFCx=1 in the DMA_MUXSYNCCLR register. An interrupt will be generated if the interrupt
enable bit SYNCOVIEN is set in the DMA_MUXSxCTRL register.

Figure 9-7 DMAMUX request synchronized mode
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Selected j
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Figure 9-8 DMAMUX event generation
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9.5 DMA registers

The table below lists DMA register map and their reset values.
These peripheral registers can be accessed by bytes (8 bits), half-words (16 bits) or words (32 bits).
Table 9-5 DMA register map and reset value

Register Offset Reset value
DMA_STS 0x00 0x0000 0000
DMA_CLR 0x04 0x0000 0000
DMA_C1CTRL 0x08 0x0000 0000
DMA_C1DTCNT 0x0c 0x0000 0000
DMA_C1PADDR 0x10 0x0000 0000
DMA_C1MADDR 0x14 0x0000 0000
DMA_C2CTRL Ox1c 0x0000 0000
DMA_C2DTCNT 0x20 0x0000 0000
DMA_C2PADDR 0x24 0x0000 0000
DMA_C2MADDR 0x28 0x0000 0000
DMA_C3CTRL 0x30 0x0000 0000
DMA_C3DTCNT 0x34 0x0000 0000
DMA_C3PADDR 0x38 0x0000 0000
DMA_C3MADDR 0x3c 0x0000 0000
DMA_CACTRL 0x44 0x0000 0000
DMA_CADTCNT 0x48 0x0000 0000
DMA_C4PADDR Ox4c 0x0000 0000
DMA_C4MADDR 0x50 0x0000 0000
DMA_C5CTRL 0x58 0x0000 0000
DMA_C5DTCNT 0x5¢ 0x0000 0000
DMA_C5PADDR 0x60 0x0000 0000
DMA_C5MADDR 0x64 0x0000 0000
DMA_C6CTRL Ox6¢ 0x0000 0000
DMA_C6DTCNT 0x70 0x0000 0000
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DMA_C6PADDR 0x74 0x0000 0000
DMA_C6MADDR 0x78 0x0000 0000
DMA_C7CTRL 0x80 0x0000 0000
DMA_C7DTCNT 0x84 0x0000 0000
DMA_C7PADDR 0x88 0x0000 0000
DMA_C7MADDR 0x8c 0x0000 0000
DMA_MUXSEL 0x100 0x0000 0000
DMA_MUXC1CTRL 0x104 0x0000 0000
DMA_MUXC2CTRL 0x108 0x0000 0000
DMA_MUXC3CTRL 0x10c 0x0000 0000
DMA_MUXC4CTRL 0x110 0x0000 0000
DMA_MUXC5CTRL 0x114 0x0000 0000
DMA_MUXC6CTRL 0x118 0x0000 0000
DMA_MUXC7CTRL Ox11c 0x0000 0000
DMA_MUXG1CTRL 0x120 0x0000 0000
DMA_MUXG2CTRL 0x124 0x0000 0000
DMA_MUXG3CTRL 0x128 0x0000 0000
DMA_MUXG4CTRL 0x12c 0x0000 0000
DMA_MUXSYNCSTS 0x130 0x0000 0000
DMA_MUXSYNCCLR 0x134 0x0000 0000
DMA_MUXGSTS 0x138 0x0000 0000
DMA_MUXGCLR 0x13c 0x0000 0000

9.5.1DMA interrupt status register (DMA_STS)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit

Register

Reset value

Type

Description

Bit 31:28

Reserved

0x0

resd

Kept at its default value.

Bit 27

DTERRF7

0x0

ro

Channel 7 data transfer error event
flag

0: No transfer error occurred

1: Transfer error occurred

Bit 26

HDTF7

0x0

ro

Channel 7 half transfer event flag
0: No half-transfer event occurred
1: Half-transfer event occurred

Bit 25

FDTF7

0x0

ro

Channel 7 transfer complete event flag
0: No transfer complete event occurred
1: Transfer complete event occurred

Bit 24

GF7

0x0

ro

Channel 7 global event flag

0: No transfer error, half transfer or transfer complete
event occurred

1: Transfer error, half transfer or transfer complete event

Bit 23

DTERRF6

0x0

ro

Channel 6 data transfer error event
flag

0: No transfer error occurred

1: Transfer error occurred

Bit 22

HDTF6

0x0

ro

Channel 6 half transfer event flag
0: No half-transfer event occurred
1: Half-transfer event occurred
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Channel 6 transfer complete event flag
Bit 21 FDTF6 0x0 ro 0: No transfer complete event occurred
1: Transfer complete event occurred

Channel 6 global event flag

0: No transfer error, half transfer or transfer complete
event occurred

1: Transfer error, half transfer or transfer complete event

Bit 20 GF6 0x0 ro

Channel 5 data transfer error event flag
Bit 19 DTERRF5 0x0 ro 0: No transfer error occurred
1: Transfer error occurred

Channel 5 half transfer event flag
Bit 18 HDTF5 0x0 ro 0: No half-transfer event occurred
1: Half-transfer event occurred

Channel 5 transfer complete event flag
Bit 17 FDTF5 0x0 ro 0: No transfer complete event occurred
1: Transfer complete event occurred

Channel 5 global event flag

0: No transfer error, half transfer or transfer complete
event occurred

1: Transfer error, half transfer or transfer complete event

Channel 4 data transfer error event flag
Bit 15 DTERRF4 0x0 ro 0: No transfer error occurred
1: Transfer error occurred

Bit 16 GF5 0x0 ro

Channel 4 half transfer event flag
Bit 14 HDTF4 0x0 ro 0: No half-transfer event occurred
1: Half-transfer event occurred

Channel 4 transfer complete event flag
Bit 13 FDTF4 0x0 ro 0: No transfer complete event occurred
1: Transfer complete event occurred

Channel 4 global event flag

0: No transfer error, half transfer or transfer complete
event occurred

1: Transfer error, half transfer or transfer complete event

Bit 12 GF4 0x0 ro

Channel 3 data transfer error event flag
Bit 11 DTERRF3 0x0 ro 0: No transfer error occurred
1: Transfer error occurred

Channel 3 half transfer event flag
Bit 10 HDTF3 0x0 ro 0: No half-transfer event occurred
1: Half-transfer event occurred

Channel 3 transfer complete event flag
Bit 9 FDTF3 0x0 ro 0: No transfer complete event occurred
1: Transfer complete event occurred

Channel 3 global event flag

0: No transfer error, half transfer or transfer complete
event occurred

1: Transfer error, half transfer or transfer complete event

Channel 2 data transfer error event flag
Bit 7 DTERRF2 0x0 ro 0: No transfer error occurred
1: Transfer error occurred

Bit 8 GF3 0x0 ro

Channel 2 half transfer event flag
Bit 6 HDTF2 0x0 ro 0: No half-transfer event occurred
1: Half-transfer event occurred

Channel transfer complete event flag
Bit 5 FDTF2 0x0 ro 0: No transfer complete event occurred
1: Transfer complete event occurred

Channel 2 global event flag

0: No transfer error, half transfer or transfer complete
event occurred

1: Transfer error, half transfer or transfer complete event

Bit 4 GF2 0x0 ro

Channel 1 data transfer error event flag
Bit 3 DTERRF1 0x0 ro 0: No transfer error occurred
1: Transfer error occurred
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Channel 1 half transfer event flag
Bit 2 HDTF1 0x0 ro 0: No half-transfer event occurred
1: Half-transfer event occurred

Channel 1 transfer complete event flag
Bit 1 FDTF1 0x0 ro 0: No transfer complete event occurred
1: Transfer complete event occurred
Channel 1 global event flag
0: No transfer error, half transfer or transfer complete
event occurred
1: Transfer error, half transfer or transfer complete event

9.5.2DMA interrupt flag clear register (DMA_CLR)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit 0 GF1 0x0 ro

Bit Register Reset value Type Description
Bit 31:28 Reserved 0x0 resd Kept at its default value.

Channel 7 data transfer error flag clear
Bit 27 DTERRFC7 0x0 rwic 0: No effect

1: Clear the DTERRF7 flag in the DMA_STS register

Channel 7 half transfer flag clear
Bit 26 HDTFC7 0x0 rwic  0: No effect
1: Clear the HDTF7 flag in the DMA_STS register

Channel 7 transfer complete flag clear
Bit 25 FDTFC7 0x0 rwic  0: No effect
1: Clear the FDTF7 flag in the DMA_STS register

Channel 7 global flag clear

0: No effect

1: Clear DTERRF7, HDTF7, FDTF7 and GF7 flags in the
DMA_STS register

Bit 24 GFC7 0x0 rwic

Channel 6 data transfer error flag clear
Bit 23 DTERRFC6 0x0 rwic  0: No effect
1: Clear the DTERRF® flag in the DMA_STS register

Channel 6 half transfer flag clear
Bit 22 HDTFC6 0x0 rwic  0: No effect
1: Clear the HDTF6 flag in the DMA_STS register

Channel 6 transfer complete flag clear
Bit 21 FDTFC6 0x0 rwic  0: No effect
1: Clear the FDTF®6 flag in the DMA_STS register

Channel 6 global flag clear

0: No effect

1: Clear DTERRF6, HDTF6, FDTF6 and GF6 flags in the
DMA_STS register

Bit 20 GFC6 0x0 rwic

Channel 5 data transfer error flag clear
Bit 19 DTERRFC5 0x0 rwic  0: No effect
1: Clear the DTERRFS5 flag in the DMA_STS register

Channel 5 half transfer flag clear
Bit 18 HDTFC5 0x0 rwic  0: No effect
1: Clear the HDTF5 flag in the DMA_STS register

Channel 5 transfer complete flag clear
Bit 17 FDTFC5 0x0 rwic  0: No effect
1: Clear the FDTF5 flag in the DMA_STS register

Channel 5 global flag clear

0: No effect

1: Clear DTERRF5, HDTF5, FDTF5 and GF5 flags in the
DMA_STS register

Bit 16 GFC5 0x0 rwic

Channel 4 data transfer error flag clear
Bit 15 DTERRFC4 0x0 rwic 0: No effect
1: Clear the DTERRF4 flag in the DMA_STS register
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Channel 4 half transfer flag clear
Bit 14 HDTFC4 0x0 rwic  0: No effect
1: Clear the HDTF4 flag in the DMA_STS register

Channel 4 transfer complete flag clear
Bit 13 FDTFC4 0x0 rwic  0: No effect
1: Clear the FDTF4 flag in the DMA_STS register

Channel 4 global flag clear

0: No effect

1: Clear DTERRF4, HDTF4, FDTF4 and GF4 flags in the
DMA_STS register

Bit 12 GFC4 0x0 rwic

Channel 3 data transfer error flag clear
Bit 11 DTERRFC3 0x0 rwic  0: No effect
1: Clear the DTERRF3 flag in the DMA_STS register

Channel 3 half transfer flag clear
Bit 10 HDTFC3 0x0 rwic  0: No effect
1: Clear the HDTF3 flag in the DMA_STS register

Channel 3 transfer complete flag clear
Bit 9 FDTFC3 0x0 rwic  0: No effect
1: Clear the FDTF3 flag in the DMA_STS register

Channel 3 global flag clear

0: No effect

1: Clear DTERRF3, HDTF3, FDTF3 and GF3 flags in the
DMA_STS register

Bit 8 GFC3 0x0 rwic

Channel 2 data transfer error flag clear
Bit 7 DTERRFC2 0x0 rwic  0: No effect
1: Clear the DTERRF2 flag in the DMA_STS register

Channel 2 half transfer flag clear
Bit 6 HDTFC2 0x0 rwic  0: No effect
1: Clear the HDTF2 flag in the DMA_STS register

Channel 2 transfer complete flag clear
Bit 5 FDTFC2 0x0 rwic  0: No effect
1: Clear the FDTF2 flag in the DMA_STS register

Channel 2 global flag clear

0: No effect

1: Clear DTERRF2, HDTF2, FDTF2 and GF2 flags in the
DMA_STS register

Bit 4 GFC2 0x0 rwic

Channel 1 data transfer error flag clear
Bit 3 DTERRFC1 0x0 rwic  0: No effect
1: Clear the DTERRF1 flag in the DMA_STS register

Chanel 1 half transfer flag clear
Bit 2 HDTFCA1 0x0 rwic  0: No effect
1: Clear the HDTF1 flag in the DMA_STS register

Channel 1 transfer complete flag clear
Bit 1 FDTFCA1 0x0 rwic  0: No effect
1: Clear the FDTF1 flag in the DMA_STS register

Channel 1 global flag clear

0: No effect

1: Clear DTERRF1, HDTF1, FDTF1 and GF1 flags in the
DMA_ISTS register

Bit 0 GFC1 0x0 rwic
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9.5.3DMA channel-x configuration register (DMA_CxCTRL) (x =1...7)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit

Register

Reset value

Type

Description

Bit 31:15

Reserved

0x00000

resd

Kept at its default value.

Bit 14

M2M

0x0

rw

Memory to memory mode
0: Disabled
1: Enabled

Bit 13:12

CHPL

0x0

Channel priority level
00: Low

01: Medium

10: High

11: Very high

Bit 11:10

MWIDTH

0x0

Memory data bit width
00: 8 bits

01: 16 bits

10: 32 bits

11: Reserved

Bit 9:8

PWIDTH

0x0

Peripheral data bit width
00: 8 bits

01: 16 bits

10: 32 bits

11: Reserved

Bit 7

MINCM

0x0

Memory address increment mode
0: Disabled
1: Enabled

Bit 6

PINCM

0x0

Peripheral address increment mode
0: Disabled
1: Enabled

Bit 5

LM

0x0

Loop mode
0: Disabled
1: Enabled

Bit 4

DTD

0x0

Data transfer direction
0: Read from peripherals
1: Read from memory

Bit 3

DTERRIEN

0x0

Data transfer error interrupt enable
0: Disabled
1: Enabled

Bit 2

HDTIEN

0x0

Half transfer interrupt enable
0: Disabled
1: Enabled

Bit 1

FDTIEN

0x0

Transfer complete interrupt enable
0: Disabled
1: Enabled

Bit 0

CHEN

0x0

Channel enable
0: Disabled
1: Enabled

9.5.4DMA channel-x number of data register (DMA_CxDTCNT) (x =

1...7)
Access: 0 wait state, accessible by bytes, half-words or words.
Bit Register Reset value Type Description
Bit 31:16  Reserved 0x0000 resd Kept at its default value.
Number of data to transfer
The number of data to transfer is from 0x0 to OxFFFF. This
register can only be written when the CHEN bit in the
Bit 15:0 CNT 0x0000 W corresponding channel is set to 0. The value is

decremented after each DMA transfer.

Note: This register holds the number of data to transfer
instead of transfer size. The transfer size is calculated by

data width.
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9.5.5DMA channel-x peripheral address register (DMA_CxPADDR) (x =

1...7)
Access: 0 wait state, accessible by bytes, half-words or words.
Bit Register Reset value Type Description

Peripheral base address

Base address of peripheral data register is the source or
Bit 31:0 PADDR 0x0000 0000 rw destination of data transfer.

Note: The register can only be written when the CHEN bit

in the corresponding channel is set 0

9.5.6 DMA channel-x memory address register (DMA_CxMADDR) (x =

1...7)
Access: 0 wait state, accessible by bytes, half-words or words.
Bit Register Reset value Type Description

Memory base address
Memory address is the source or destination of data
Bit 31:0 MADDR 0x0000 0000 rw transfer.
Note: The register can only be written when the CHEN bit
in the corresponding channel is set 0.

9.5.7DMAMUX select register (DMA_MUXSEL)

Access: 0 wait state, accessible by bytes, half-words or words.
Bit Register Reset value Type Description

31:1 Reserved 0x0000 0000 resd Kept at its default value.

Multiplexer table select

Bit 0 TBL_SEL 0x0 0x1: Flexible mapping table

9.5.8DMAMUX channel-x control register (DMA_MUXCxCTRL) (x =

1...7)
Access: 0 wait state, accessible by bytes, half-words or words.
Bit Register Reset value Type Description
Bit 31:25 Reserved 0x00 resd Kept at its default value.
Bit 28:24  SYNCSEL 0x00 rw Synchronization select
DMA request count
This field is used to define the DMA request number after
Bit23:19 REQCNT 0x00 W synchronization event and/or the DMA request nmber

before the generation of output event.
These bits can only be written when both SYNCEN and
EVTGEN bits are LOW.

Synchronization polarity
It is used to define the polarity of the selected
synchronization input.
Bit 18:17 SYNCPOL 0x0 w 0x0: No event
0x1: Rising edge
0x2: Falling edge
0x3: Rising edge and falling edge

Synchronization enable

Bit 16 SYNCEN 0x0 rw 0: Disabled
1: Enabled
Bit 15:10  Reserved 0x00 resd Kept at its default value.
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Event generate enable

Bit 9 EVTGEN 0x0 0: Disabled
1: Enabled
Synchronization overrun interrupt enable
Bit 8 SYNCOVIEN 0x0 0: Interrupt disabled
1: Interrupt enabled
Bit 7 Reserved 0x0 resd Kept at its default value.
DMA request select flag
Bit 6:0 REQSEL 0x00 It is used to select the input DMA request. Refer to the

DMAMUX table for the configuration of multiplexer input.

9.5.9DMAMUX generator-x control register (DMA_MUXGxCTRL) (x =

1...4)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit Register Reset value Type Description

Bit 31:24 Reserved 0x00 resd Kept at its default value.
DMA request generation count

Bit 23119 GREQCNT 0x00 W It is used to define the numt?er of DMA request (GNBREQ
+ 1) to be generated after trigger event
These bits can be written n when the GEN bit is disabled.
DMA request generator trigger polarity
It is used to define the polarity of the selected trigger
input.

Bit 18:17 GPOL 0x0 rw 0x0: No event
0x1: Rising edge
0x2: Falling edge
0x3: Rising edge and falling edge
DMA request generator enable

Bit 16 GEN 0x0 rw 0: Disabled
1: Enabled

Bit 15:9 Reserved 0x00 resd Kept at its default value.
Trigger overrun interrupt enable

Bit 8 TRGOVIEN 0x0 rw 0: Disabled
1: Enabled

Bit 7:5 Reserved 0x0 resd Kept at its default value.
Signal select

Bit 4:0 SIGSEL 0x00 rw It is used to select the DMA trigger input for DMA request

generator.

9.5.10 DMAMUX channel synchronization status register

(DMA_MUXSYNCSTS)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit Register Reset value Type Description
Bit 31:8 Reserved 0x0000 00 resd Kept at its default value.
Synchronization overrun interrupt flag
— The synchronization overrun interrupt occurs when the
Bit 7:0 SYNCOVF 0x00 ro DMA request counter is below REQCNT. This flag is set
when a new synchronization event occurs.
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9.5.11 DMAMUX channel interrupt clear register

(DMA_MUXSYNCCLR)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit Register Reset value Type Description
Bit 31:8 Reserved resd Kept at its default value.
Synchronization overrun interrupt flag clear
Bit 7:0 SYNCOVFC rwic  Write “1” to each bit to clear the corresponding overrun

flag SYNCOVF in the MUXSYNCSTS register.

9.5.12 DMAMUX generator interrupt status register (DMA_MUXGSTS)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit Register Reset value Type Description
Bit 31:4 Reserved resd Kept at its default value.
Trigger overrun interrupt flag
Bit 3:0 TRGOVF ro When the DMA request counter is below GREQCNT, this

flag is set if a new trigger event occurs.

9.5.13 DMAMUX generator interrupt clear register (DMA_MUXGCLR)

Access: 0 wait state, accessible by bytes, half-words or words.

Bit Register Reset value Type Description
Bit 31:4 Reserved 0x0000 000 resd Kept at its default value.
Trigger overrun interrupt flag clear
Bit 3:0 TRGOVFC rwic  Write “1” to each bit to cleat the corresponding overrun
flag TRGOVF in the DMA_MUXGSTS register.
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10 CRC calculation unit (CRC)

10.1 CRC introduction

The Cyclic Redundancy Check (CRC) is an independent peripheral with CRC check feature. It follows
CRC32/MPEG-2 standard.

The CRC_CTRL register is used to select output data toggle (word, REVOD=1) or input data toggle
(byte, REVID=01; half-word, REVID=0; word: REVID=11). CRC calculation unit is also equipped with
initialization function. After each CRC reset, the value in the CRC_IDT register is written into the data
register (CRC_DT) by CRC.

The CRC_POLY register is used to set different polynomial coefficient. The polynomial size can be set
as 7 bits, 8 bits, 16 bits or 32 bits through the POLY-SIZE bit in the CRC_CTR register.

Users can write the data to go through CRC check and read the calculated result through CRC_DT
register. Note that the calculation result is the combination of the previous result and the current value
to be calculated

Figure 10-1 CRC block diagram

«—p|| CRC_DT || CRC_CDT ||CRC_CTRL{| CRC_IDT [|CRC_POLY|

register register register register register
., .
>
o]
o)
I
<
CRC
calculation

Main features:
Use CRC-32 code

Support the generation of polynomial

4 HCLK cycles for each CRC calculation

Support input/output data format toggle

Perform write/read operation through CRC_DT register

Set an initialization value with the CRC_IDT register. The value is loaded with CRC_DT register
after each CRC reset.

10.2 CRC function overview

In CRC calculation, the input data is used as the dividend and the generating polynomial as the divisor
for Modulo-2 Division, and the remainder obtained is the CRC value.

CRC calculation process

® Toggle input, that is, toggle the input data according to the REVID value in the CRC_CTRL
register.

® |Initialize: perform XOR with the initial value set in the CRC_IDT for the first time of calculation (if
it is not the first time, the initial value should be the previously calculated result).
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® CRC calculation: perform Modulo-2 Division with the generating polynomial (0x4C11DB7), and
the remainder obtained is the CRC value.

® Toggle output: determine whether to perform toggle (word) according to the REVOD value in the
CRC_CTRL register before output.

® XOR calculation. The XOR-ed result is fixed at 0x0000 0000

CRC-32/MPEG-2 parameters:
® Generating polynomial: 0x4C11DB7,
X324 X264+ X232 + X2 4 X160 4 X124 X1 4 X104 X8 4+ X7 + X5+ X4+ X2+ X + 1
® |Initial value is OXFFFF FFFF, to avoid obtaining the same calculation result for 1 byte 0x00 and
multibyte 0x00.
® XOR value: 0x0000 0000, indicating the CRC result does not require an additional XOR
calculation.

Toggle function

® Select byte toggle, 8 bits as a group and in reverse order. As shown in the figure below, if the
original data is 0x12345678, the toggled data is 0x482C6A1E.

® Select half-word toggle, 16 bits as a group and in reverse order.

® Select word toggle, 32 bits as a group and in reverse order.

Figure 10-2 Example of byte toggle

0x12345678:|00010010|00110100|01010110|01111000|

... 9,4

0x482C6A1E: [0 1 00 100 0{0 0101 100[01 1010100001111 0)

10.3 CRC registers

CRC_DT register can be accessed by bytes (8 bits), half-words (16 bits) or words (32 bits). Other
registers have to be accessed by words (32 bits).

Table 10-1 CRC register map and reset value

Register Offset Reset value
CRC_DT 0x00 OxFFFF FFFF
CRC_CDT 0x04 0x0000 0000
CRC_CTRL 0x08 0x0000 0000
CRC_IDT 0x10 OxFFFF FFFF
CRC_POLY 0x14 0x04C1 1DB7
10.3.1 Dataregister (CRC DT)
Bit Register Reset value Type Description
Data value

Used as input register when writing new data into the

Bit 31:0 DT OXFFFF FFFF rw CRC calculator. It returns CRC calculation results when it

is read.
10.3.2 Common data register (CRC_CDT)

Bit Register Reset value Type Description

Bit 31:8 Reserved 0x000000 resd Kept at its default value.
Common 8-bit data value

- It is used to temporarily store 1 byte of data. This register

Bit 7:0 coT 0x00 is not affected by the CRC reset generated by the RST bit

in the CRC_CTRL register.
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10.3.3 Control register (CRC CTRL)

Bit Register Reset value Type Description

Bit 31:8 Reserved 0x000000 resd Kept at its default value.
Reverse output data
Set and cleared by software. This bit is used to control
Bit 7 REVOD 0x0 resd whether or not to reverse output data.
0: No effect
1: Word reverse
Reverse input data
Set and cleared by software. This bit is used to control
how to reverse input data.
Bit 6:5 REVID 0x0 rw 00: No effect
01: Byte reverse
10: Half-word reverse
11: Word reverse
Polynomial size

This field is used to set the size of polynomial. It is used in
conjunction with the CRC_POLY register.

Bit4:3  POLY_SIZE 0x0 w 00: 32 bits
01: 16 bits
10: 8 bits
11: 7 bits
Bit 2:1 Reserved 0x0 resd Kept at its default value.

Reset CRC calculation unit
It is set by software and cleared by hardware. To reset
CRC calculation unit, the data register is set as OxFFFF

Bit 0 RST 0x0 rw FEEE.
0: No effect
1: Reset
10.3.4 Initialization register (CRC IDT)
Bit Register Reset value Type Description
Initialization data register
Bit 31:0 DT OXFFFF FFFF rw When CRC reset is triggered by the RST bit in the

CRC_CTRL register, the value in the initialization register
is written into the CRC_DT register as an initial value.

10.3.5__ Polynomial register (CRC_POLY)

Bit Register Reset value Type Description

Polynomial coefficient

The generated polynomial is a divisor in CRC calculation.
Bit 31: 0 POLY 0x04C1 1DB7 rw Using CRC32 mode, this polynomial coefficient is

0x4C11DB7. Users can also set the polynomial coefficient

according to their needs.
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11 I?C interface

11.1 I2C introduction

I2C (inter-integrated circuit) bus interface manages the communication between the microcontroller and
serial I°C bus. It supports master and slave modes, with up to 1 Mbit/s of communication speed (enhanced
edition).

11.2 I°C main features

® |°Cbus
— Master and slave modes
— Multimaster capability
— Standard mode (100 kHz), fast mode (400 kHz) and enhanced fast mode (1 MHz)
— 7-bit and 10-bit address modes
— Two 7-bit slave addresses (2 addresses, one of them can be masked)
— Broadcast call mode
— Programmable data setup and hold time
— Clock stretching capability
Support DMA transfer
Programmable digital noise filter
Wake up from Deepsleep mode through address match event
Support SMBus 2.0 protocol
— PEC generation and verification
— Acknowledgement control for command and data
— ARP(address resolution protocol)
— Master capability
— Device capability
— SMBus reminder capability
— Timeout detection
Idle detection

® PMBus
11.3 I2C function overview

I2C bus consists of a data line (SDA) and clock line (SCL). It can achieve a maximum of 100 kHz speed
in standard mode, up to 400 kHz in fast mode, and 1 MHz in enhanced fast mode. A frame of data
transmission begins with a Start condition and ends with a Stop condition. The bus is kept in busy state
after receiving the Start condition, and becomes idle as long as it receives the Stop condition.

Start condition: SDA switches from high to low when SCL is set high.
Stop condition: SDA switches from low to high when SCL is set high.
Figure 11-1 I12C bus protocol

SDA \_| / mse X X X \_AcK /]

SCL 1 2 8 9

3to7
Start condition Stop condition
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11.4 1°C interface

The figure below shows the block diagram of 1C interface.
Figure 11-2 I?C1 interface block diagram

SYSCLK »
PCLK 12CCLK
B
Hick Clock Control
> TIMEOUT_Frozen ~————————————— Master clock —— l2C_SCLout ————
CPU_Halt_en ~ ——————————| generaion
Slave clock ’
stretching - Digital | o Analog 2Csclin —
CRM. 12C1SEL noise fiter noise filter
N Register
¢:> - » SMBus Timeout
. check I cscLen — 1
Interface Shift register Tx
Data Control
——  12c_SDA_out ———
- Shit register Tx
- — 12C_DMAreq_TX —t
41— COMAreq R —f— omernuet Shift register Rx
—DMAreq_| Genaration T 9 - Digital | Analog 12C_SDA_in —
- 12C_EV_Intr - Alert noise filter noise filter T
- 12C_ER_Intr — ontrol SMBUS PEC
A generation/check
L 12csDAen — |
12¢_SMBA_in ——
12C_SMBA_out —————p»
12C_SMBA_en ———1 o

For I2C1, it is possible to select SYSCLK, PCLK or HICK as clock source through the 12C1SEL bit in the
CRM_PICLKS register. Waking up from Deepsleep mode is supported. The 12C1 has an analog filter
able to shield noise of 50ns.

Figure 11-3 Block diagram of I12C2 and 12C3

12CCLK
_—
Clock Control
TIMEOUT_Frozen =~ ———————> —— [CsCLout ————
tion
genera
CPU_Halt_en R — GPIO 12C_SCL
Slave clock Digital
stretching -t noise ﬁlter* 12C_SCL_in  —
Register
<|: ) - > SMBus Timeout
APB check
Interface Shift register Tx
[ Shitregister R}
Data Control
—— 12C_SDA_out ——
P Shift register Tx
- 12C_DMAreq_TX —1 GPIO 12C_SDA
— —H o
- 12C_DMAreq_RX Pt TS Shift register Rx - Digital | >¢ spA_in §—
- 12C_EV_Intr — Alert noise filter .
- 12C_ER_Intr T Control SMBUS PEC
A generation/check
I2C_SMBA_in ——+F—
12C_SMBA_out —————

The PCLK is used as the clock source of 12C2 and 12C3. The I2C2 and I12C3 do not support to wake up
from Deepsleep mode, and have no analog filter.

1. Operating mode

I°2C bus interface can operate both in master mode and slave mode. Switching from master mode to
slave mode, vice versa, is supported as well. By default, the interface operates in slave mode. When the
Start condition is activated, the I2C bus interface switches from slave mode to master mode, and returns
to slave mode automatically at the end of data transfer (Stop condition is triggered).

2.  Communication process

® Master mode communication:
1. Start condition generation
2. Address transmission
3. Data Tx or Rx
4. Stop condition generation
5. End of communication
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® Slave mode communication:
1. Wait until the address is matched
2. Data Tx or Rx
3. Wait for the generation of Stop condition
4. End of communication

3. Digital filter capability

The digital filter is available on both SCL and SDA lines. It is enabled by setting the DFLT[3: 0] bit (0~15)
in the I2C_CTRLA1 register to reduce noise on bus on a large scale. The filter time is DLFT x tioc_cik. The
digital filter is not allowed to be altered when the I1°C is enabled.

4. Address control
Both master and slave support 7-bit and 10-bit addressing modes.

Slave address mode:
® In 7-bit mode (ADDR1MODE=0)

— ADDRI1EN=1, ADDR2EN=0 stands for a single address mode: only matches OADDR1

— ADDRI1EN=1, ADDR2EN=1 stands for dual address mode: matches OADDR1 and OADDR2
® In 10-bit mode (ADDR1MODE=1)

— Only supports a single address mode (ADDR1EN=1, ADDR2EN=0), matches OADDR1

Slave address masking capability

The Slave address 2 (OADDR?2) is maskable, which is done by setting the ADDR2MASK]2: 0].
: Address bit [7:1]

: Address bit [7:2]

: Address bit [7:3]

: Address bit [7:4]

: Address bit [7:5]

: Address bit [7:6]

: Address bit [7]

: All addresses, excluding those reserved by 1°C

Support special slave address:

® Broadcast call address (0b0O000000x): This address is enabled when GCAEN=1.

® SMBus device default address (Ob1100001x): This address is enabled for SMBus address
resolution protocol in SMBus device mode (DEVADDREN = 1).

® SMBus master default address (0b0001000x): This address is enabled for SMBus master
notification protocol in SMBus master mode (HADDREN = 1).

® SMBus alert address (0b0001100x): This address is enabled for SMBus alert response address
protocol in SMBus master mode when SMBALERT = 1.

Refer to SMBus2.0 protocol for more information.

Slave address matching procedure:

Receive a Start condition

Address matching

The slave sends an ACK if address is matched

ADDRF=1, with SDIR indicating the transmission direction

— When SDIR=0, slave enters receiver mode, starting receiving data.

— When SDIR=1, slave enters transmitter mode, starting transmitting data.
5. Clock stretching capability

Clock stretching is enabled by default (STRETCH=0 in the 12C_CTRL1 register). The slave can hold the
SCL line low for software operation. If the clock stretching capability is not supported by master, then the
STRETCH must be set to 1 in the 12C_CTRL register. It should be noted that the clock stretching
capability of I°C slave must be configured before the I°C peripherals are enabled.

|
NOUNWNRO

Clock stretching capability enabled

I2C slave stretches the SCL clock in one of the following conditions:

® Address reception: When the address received by slave matches the local address enabled
(ADDRF=1 in the 12C_STS), the SCL line is pulled down until the ADDREF is cleared by setting the
ADDRC in the 12C_CLR
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® Data reception: the shift register receives a new data before the data in the 12C_RXDT register
has been read. In this case, the SCL line is pulled low until the data of the 12C_RXDT register is read.
® Data transmission: If no data is written when the ADDREF is cleared, TDBE= 1 in the 12C_STS,
then the SCL line will be pulled down until the data is written to the 12C_TXDT.

® Data transmission: If no data is written to the 12C_TXDT after the completion of the previous data
transfer, the SCL line will be pulled low until data is written to the [2C_TXDT

® Data reception: When the shift register has received another new byte before the data in the
I2C_RXDT register is read, the 12C will hold the SCL bus low to wait for the software to read
12C_RXDT register

® \When slave byte control mode is selected (SCTRL=1 in the I2C_CTRL1) and RLDEN=1 in the
I2C_CTRL2 register, if TCRLD = 1, indicating the completion of the last data transfer, then the
TCRLD will be cleared by hardware so as to release the SCL line after a non-zero value is written to
the CNT bit in the 1I2C_CTRL2 register

Clock stretching capability disabled

The SCL clock is disabled when STRETCH=1 in the 12C_CTRL1 register, with the following conditions
worth our notice:

® Address reception: The SCL clock is not stretched when the address received by slave matches
the local address enabled

® Data reception: If there is data to be read in the 12C_RXDT register before the next ACK signal,

an overflow will occur, and the OUF bit will also be set to 1 in the I2C_STS register

® Data transmission: If no data is written to the 12C_TXDT register after the completion of the
previous data transfer, an underflow will occur, and the OUF will also be set to 1 in the 1I2C_STS
register

11.4.1  12C timing control
I2C core is clocked by I2C_CLK whereas the I12C_CLK is clocked by PCLK1. The PCLK1 should be set
to be less than 4/3 SCL cycles. The corresponding bits in the 12C_CLKCTR register are used for timing
configuration.
— DIV[7:0]: I°C clock divider
— SDAD[3:0]: Data hold time (tup:pat)
— SCLD[3:0]: Data setup time (tsu:pat)
— SCLHI[7:0]: SCL high
— SCLL[7:0]: SCL low
Note: Timing configuration cannot be modified once the I2C is enabled.
Figure 11-4 Setup and hold time
SCL falling edge SCL high level detected
internal detection SCLH counter starts
tSYNC1 SDAD SCLD tSYNC2 SCLH tSYNC1 SCLL
2 _ \
— Flox /
SCL low level detected
SCLL counter starts
SCL release
SCL drive low
SDA
THD;DAT TSU;DAT
Data hold Data setup
time time
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It is possible to configure data hold time (tip;pat) and data setup time (tsu;pat) freely by setting the DIV[7:0],
SDAD[3:0] and SCLD[3:0] in the 12C_CLKCTRL register.
® Data hold time (thppaT): refers to the duration from SCL falling edge to SDA output

tho;paT = tspap + tsyne

tspap = SDAD x (D|V + 1) X t|2C_CLK

tsyne = (DLFT + 3) X tioc_cik - tf

tsync consists of three parts:

— SCL falling edge time (t;)

— Digital filter input latency (DLFT X tioc_cik)

— Synchronization delay between SCL and [2C_CLK (2~3 12C_CLK cycles)

® Data setup time (tsu,pat): refers to the duration from SDA output to SCL rising edge

tsu;par = SCLD x (DIV+1) X tioc_cik—tr
In master mode, the width of SCL signals (high and low) can be configured freely by setting the DIV[7:
0], SCLH[7: 0] and SCLL[7: 0] in the I2C_CLKCTRL register.

SCL low: When the SCL low signal is detected, the internal SCLL counter starts counting until it reaches
the SCLL value. At this point, the SCL line is released and become high.

SCL high: When the SCL high signal is detected, the internal SCLH counter starts counting. When the
counter value reaches the SCLH value, the SCL line is pulled low. In the process of SCL remaining high,
if it is pulled low by external bus, the internal SCLH counter will stop counting and start counting in SCL
low mode, laying the foundation for clock synchronization

® SCL high signal width:

thion = (SCLH + 1) x (DIV + 1) X tixc_cik

® SCL low signal width:
TLow = (SCLL + 1) X (D|V + 1) X tIZC_CLK
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Table 11-1 12C timing specifications

Standard mode Fast mode Fast mode plus SMBus
Parameter

Min. Max. Min. Max. Min. Max. Min. Max.

fscL (kHz) SCL clock frequency 100 400 1000 100
tLow (Us) SCL clock low 4.7 1.3 0.5 4.7

tHigH (US) SCL clock high 4.0 0.6 0.26 4.0 50

tHD;DAT (us) Data hold time 0 0 0.9 0 0.45: 300
tSU;DAT (ns) Data setup time 250 100 50 250

tr (ns) SCL/SDA rising edge 1000 300 120 1000

tf (ns) SCL/SDA falling edge 300 300 120 300

11.4.2 Data transfer management

Data transfer counter is available in the I°C interface to control communication flow. It is mainly used for:
— NACK transmission: master reception mode

— STOP transmission: master reception/transmission modes

— RESTART generation: master reception/transmission modes

— ACK control: slave mode (SMBus)

— PEC transmission/reception: master/slave modes

Generally, the data transfer management counter (by setting the CNT[7:0] in the 12C_CTRL2 ) is
applicable to master mode. It is disabled in slave mode. This counter is used only in SMBus mode for
the ACK control and PEC reception of each byte by the slave. In SMBus mode, the slave enables data
counter with the SCTRL bit in the 12C_CTRL2 register.

Byte control through master

The CNT[7:0] bit in the 12C_CTRL2 register is used to configure the number of bytes to be transferred,
ranging from 1 to 255. If the number of data to be transferred is greater than 255, then the RLDEN bit
has to be set to 1 in the 12C_CTRL2 register to enable reload mode. The following configuration
processes are described in two aspects:
® <255 bytes, for example, the number of data to be transferred is 100 bytes
— Step 1: Disable reload mode by setting RLDEN=0;
— Step 2: Set CNT[7:0]=100.
® >255 hytes, for example, the number of data to be transferred is 600 bytes
— Step 1: Enable reload mode by setting RLDEN=1,;
— Step 2: Set CNT[7:0]=255, the remaining bytes are 600-255=345 bhytes;
— Step 3: After the completion of 255-byte data transfer, the TCRLD is setin the I2C_STS register,
and then set CNT[7:0]=255 for continuous transfer, and the remaining bytes are 345-255=90;
— Step 4: After the completion of the second 255-byte data transfer, the TCRLD is set in the
I2C_STS register, and then set RLDEN=0 to disable reload mode before setting CNT[7:0]=90
for continuous transfer.

There are two ways to stop the last data transfer (RLDEN=0, reload mode is disabled)
® Stop data transfer automatically (ASTOPEN=L1 in the 12C_CTRL2)

— When the number of data programmed in the CNT[7:0] bit has been fully transferred, the master
will automatically send a STOP condition.

® Stop data transfer by software (ASTOPEN=0 in the I2C_CTRL2)

— When the number of data programmed in the CNT[7:0] has been fully transferred, the TDC will
be set in the 12C_STS register, and the SCL, at this point, will be pulled low, an interrupt
generated if TDCIEN is enabled. In this case, it is possible to send a STOP condition by setting
GENSTOP=1 in the [12C_CTRL2 register, or send a RESTART condition by setting
GENSTART=L1 in the 12C_CTRL2 register, before clearing TDC flag by software.

Byte control through slave
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This feature is enabled by setting the SCTRL bit in the 12C_CTRL2 register so that the slave is able to
control ACK/NACK signals of each byte independently.
Proceed as below:

Set SCTRL=1 to enable Byte Control Through Slave

After the slave address is matched (ADDRF=1), enable reload mode by setting RLDEN=1, and
then set CNT[7:0]=1

When a byte is received, the TCRLD is set in the 12C_STS register, and the slave will pull the
SCL bus low between the 8th and 9th clock edges. At this point, the user can read the RXDT
register and generate an ACK or NACK signal through the NACKEN bit in the 12C_CTRL2
register

When an NACK signal is generated, it indicates the end of communication

When an ACK signal is generated, the communication flow keeps going on. At this point, set
CNT[7:0]=1, the TCRLD flag is cleared automatically by hardware, and the SCL bus is released
for the reception of the next byte

As we know, the value in the CNT[7:0] bit is not limited to 1. If you want to receive 8 data, for example,
but just want to control the ACK/NACK signals of the 8th data. Proceed as below: set CNT[7:0]=8, the
slave will receive 7 consecutive data, with ACK signals sent. Once the 8th data reception is completed,
the SCL bus is pulled low, and then proceed as above to select whether to send an ACK or NACK.

It should be noted that the clock stretching capability must be enabled (STRETCH=0 in the 12C_CTRLA1
register) before selecting Byte Control Mode Through Slave.

Table 11-2 I12C configuration table

Description RLDEN ASTOPEN SCTRL
Master transmit/receive RESTART 0 0 x
Master transmit/receive STOP 0 1 x
Slave receive (control ACK/NACK of each byte) 1 x 1
Slave transmit/receive (ACK response to all bytes) X x 0
11.4.3 12C master communication flow
1. I1°C clock initialization (by setting the 12C_CLKCTRL register)
— I2C clock divider: DIV[7:0]
— Data hold time (tup:pat): SDADJ[3:0]
— Date setup time (tsu.pat): SCLD[3:0]
— SCL high duration: SCLHJ[7:0]
— SCL low duration: SCLL[7:0]
The register can be configured by means of Artery 12C_Timing_Configuration tool.
2. Set the number of bytes to be transferred
— <255 bytes
Disable reload mode by setting RLDEN=0 in the I12C_CTRL2 register
Set CNT[7:0]=N in the 12C_CTRL2 register
— >255 bytes
Enable reload mode by setting RLDEN=1 in the I2C_CTRL2 register
Set CNT[7:0]=255 in the 12C_CTRL2 register
Remaining bytes N=N-255
3. End of data transfer

2023.08.02

ASTOPEN=0: stop data transfer by software. After the completion of data transfer, the TDC is
set in the 12C_STS register, and GENSTOP=1 or GENSTART=1 is written by software to send
a STOP or START condition

ASTOPEN=1: data transfer is stopped automatically. A STOP condition is sent at the end of
data transfer
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Set slave address

Set slave address value (by setting the SADDR bit in the 12C_CTRL2 register)
Set slave address mode (by setting the ADDR10 bit in the 12C_CTRL2 register)

ADDR10=0: 7-bit address mode
ADDR10=1: 10-bit address mode

Set transfer direction (by setting the DIR bit in the 12C_CTRL2 register)

DIR=0: Master reception
DIR=1: Master transmission

Start data transfer

When GENSTART=1 in the I2C_CTRL2 register, the master starts sending a START condition and
slave address. After receiving the ACK from the slave, ADDRF=1 is asserted in the 12C_STS
register. The ADDRF flag can be cleared by setting ADDRC=1 in the I2C_CLR register, and then
data transfer starts.

Master transmit

ouhrwWNE

I2C_TXDT data register is empty, the shift register is empty, TDIS=1 in the 12C_STS register
Writing 1 to the TXDT register, and data is immediately moved to the shift register

TXDT register becomes empty, TDIS=1 again

Writing 2 to the TXDT register, TDIS is cleared

Repeat step 2 and 3 until the data in the CNT[7:0] is sent

If TCRLD=1 (reload mode) in the 12C_STS register, the following two circumstances should be
noted:

Remaining bytes N>255: write 255 to the CNT bit, N=N-255, TCRLD is cleared, and data
transfer continues

Remaining bytes N<255: Disable reload mode (RLDEN=0), write N to the CTN bit, TCRLD is
cleared, and data transfer continues

Master receive

1.

5.

After the slave address is matched, ADDRF=1 in the 12C_STS register, clear ADDRF flag by
setting ADDRC=1 in the 12C_CLR register, and then it starts sending data

After the reception of data, RDBF=1, read the RXDT register will clear the RDBF automatically
Repeat step 2 until the reception of data programmed in the CNT[7:0] bit

If TCRLD=1 (reload mode) in the 12C_STS, the following two circumstances should be noted:

Remaining bytes N>255: write 255 to the CNT bit, N=N-255, TCRLD is cleared, and data
transfer continues

Remaining bytes N<255: Disable reload mode (RLDEN=0), write N to the CTN bit, TCRLD is
cleared, and data transfer continues
After the reception of the last data, an NACK signal will be sent by master

Stop condition

STOP condition generation:
ASTOPEN=0: TDC=1 in the 12C_STS register, set GENSTOP=1 to generate a STOP condition

ASTOPEN=1: A STOP condition is generated automatically

Wait for the generation of a STOP condition, when a STOP condition is generated, STOPF=1
is asserted in the 12C_STS register. The STOPF flag can be cleared by setting STOPC=1 in
the I2C_CLR register, and then transfer stops.

When the host receives an NACK signal during transmission, then ACKFAIL is set in the 12C_STS
register, and a STOP condition is sent to stop communication, whatever mode (either ASTOPEN=0 or
ASTOPEN=1).
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Master transmitter

Figure 11-5 I°C master transmission flow

Master initialization

Set I2C_CTRL2_CNT =N,
(if N > 255, CNT = OxFF, N=N-
255 ,RLDEN = 1) ,Configure slave
address, and GENSTART = 1.

(ASTOPEN = 0)

Yes

Set 12C_CTRL2_GENSTOP =1

Yes

@ (ASTOPEN = 1

No

No

Ce )

Set 12C_CTRL2_GENSTART with Slave

address, CNT

N<256 ?

< CNT = N,RLDEN=0

!

CNT = OxFF, N=N-255 ,RLDEN=1
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Figure 11-6 Transfer sequence of I2C master transmitter

Example : 12C master transmitter N bytes .
Initial setting flow :
1.12C_CTRL2_CNT =N
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_ASTOPEN =1
4.12C_CTRL2_GENSTART =1
EV1 EV2 EV3 EV4 EV5

Initial ‘ietting 4 4 4 4 4

EV6

S Address |r/w| A |<—>| Datal | A | Data2 Al |

DataN | A |P|

SCL
Stretch

TDIS [ [

EV1.12C_STS_ADDRF=1,set 2C_CLR_ADDRC=1
EV2. 12C_STS_TDIS = 1, write Datal I:I Master to Slave
EV3.12C_STS_TDIS = 1, write Data2

EV4. [2C_STS_TDIS = 1, write Data3

EV5. [2C_STS_TDIS = 1, write DataN |:|

EV6. 12C_STS_STOPF =1,set 12C_CLR_STOPC =1

Slave to Master

S = Start
A = Acknowledge
P = Stop

Master receiver
Figure 11-7 I?C master receive flow

Master initialization

Set I2C_CTRL2_CNT =N,
(ifN > 255, CNT = OxFF, N=N-
255 ,RLDEN = 1) ,Configure slave
address, and GENSTART = 1.

12C_STS_RDBF=1?
Yes

Read [2C_RXDT_DT

Yes
(ASTOPEN = 0)

N<256 ?

Set 12C_CTRL2_GENSTOP =1

Set 12C_CTRL2_GENSTART with Slave
address, CNT

¢ CNT = N,RLDEN=0 CNT = O0xFF, N=N-255 ,RLDEN=1
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Figure 11-8 Transfer sequence of 12C master receiver

Example : 12C master receiver N bytes .
Initial setting flow :

1.12C_CTRL2_CNT =N
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_ASTOPEN =1
4.12C_CTRL2_GENSTART =1

y _ EV4
Initial setting EV1 EV2 EV3 EV5
A i
S Address | rlw| A | Datal | A | Data2 Al .. DataN | NA| P|
EV1. 12C_STS_ADDRF = 1, set I2C_CLR_ADDRC I:I Master to Slave S = Start
EV2.12C_STS_RDBF =1, read Datal A = Acknowledge
EV3.12C_STS_RDBF =1, read Data2 P = Stop

EV4.12C_STS_RDBF =1, read DataN I:I Slave to Master
EV5.12C_STS_STOPF=1 ,set12C_CLR_STOPC

Master special transfer sequence

In 10-bit addressing mode, the READH10 bit of the 12C_CTRL2 register is used to generate a special
timing. When READH10=1, the master sends data to the slave before read access to the slave, as
shown in the figure below:

Operating method:

When ASTOPEN=0, data is transferred from the master to the slave. At the end of data transfer,
READH10=0 is asserted, and then the master starts receiving data from the slave.

Figure 11-9 10-bit address read access when READH10=1

0
| s |1|1|1|1|0|A9|A8|r/w|A|A7|A6|A5|A4|A3|A2|A1|A0|A| Data |A| | Data
T~ Slave address —— T~ Slaveaddress ——
1st Write 2nd Byte
1
—>|A/NA|Rs|1|1|1|1|0|A9|A8|r/w|A| Data |A| | Data |NA| P |
Slave address
1st
Read
I:I Master to Slave S = Start
RS=restart
A = Acknowledge
I:I Slave to Master P =Stop
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Figure 11-10 10-bit address read access when READH10=0

0 1

| B |1 | 1 | 1 | 1 | 0 |A9|A8|rlw| A |A7|A6|A5|A4|A3|A2|A1|A0| A| RS | 1 | 1| 1 | 1| 0 |A9|A8|rlw| A

T~ Slaveaddress —— T~ Slaveaddress ——

1st Write 2nd Byte Read
I:I Master to Slave S = Start
> - RS= restart
Data | & I | Data | Q | P | A = Acknowledge

I:I Slave to Master P = Stop

11.4.4

1.

2023.08.02

I°C slave communication flow
I°C clock initialization (by setting the 12C_CLKCTRL register)
— I2C clock division: DIV[7:0]
— Data hold time (tHD;DAT): SDADI[3:0]
— Data setup time (tSU;DAT): SCLD[3:0]
The register can be configured by means of Artery 12C_Timing_Configuration tool.

Set local address 1
— Set address mode:

7-bit address: by setting ADDR1IMODE=0 in the 12C_OADDR1 register

10-bit address: by setting ADDR1IMODE-=1 in the I2C_OADDRL1 register
— Set address 1: by setting the ADDRL bit in the 12C_OADDRL register
— Enable address 1: by setting ADDR1EN=1 in the 12C_OADDR1 register

Set local address 2

— Set address 2: by setting the ADDR2 bit in the 12C_OADDR?2 register

— Set address 2 mask bit: by setting the ADDR2MASK bit in the 12C_OADDR?2 register
— Enable address 2: by setting ADDR2EN=1 in the I2C_OADDR?2 register

Note: Only 7-bit address mode is available in the address 2 mode. The ADDR2MASK bit is used to
mask some address bits freely so that the slave can respond to some specific addresses. Refer to
Section 14.2 for more information about the ADDR2MASK bit.

In the case of using only one address, only address 1 needs to be configured, without the need of
address 2 mode.

Wait for address matching

When the local address is received, the ADDRF bit is set in the 12C_STS register. The data transfer
direction can be obtained by read access to the SDIR bit in the I2C_STS register. When SDIR=0,
it indicates that the slave is receiving data, whereas SDIR=1 indicates that the slave is sending
data. The ADDR[6:0] bit of the 12C_STS register indicates what kind of address has been received,
which is particularly helpful in the case when the dual address mode is used and the address 2
mode mask bit is set.

Data transfer starts when the ADDREF is cleared by setting ADDRC=1 of the 1I2C_CLR register
Data transfer (slave transmission, clock stretching enabled, STRETCH=0)

After address matching:

1. 12C_TXDT data register becomes empty, the shift register becomes empty, and TDIS=1 in the
I2C_STS register

Data is then transferred to the shift register after writing 1 to the TXDT register

The TXDT register then becomes empty, and the TDIS is set again

TDIS is cleared by writing 2 to the TXDT register

Repeat step 3 and 4 until the completion of data transfer

Wait for the generation of an NACK signal. Once received, the ACKFAILF is set in the 12C_STS
register. The ACKFAILF flag is cleared by writing 1 to the ACKFAILC

Wait for the generation of a STOP condition. Once received, the STOPF is set in the 12C_STS

oA WN
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register. At the end of data transfer, the STOPF is cleared by writing 1 to the STOPC,
transmission ends.

In the case of the clock stretching being disabled (STRETCH=1), if data has not yet been written to
the TXDT register before the transmission of the first bit of the to-be-transferred data (that is, before
the generation of SDA edge), an underrun error may occur, and the OUF bit is set in the 12C_STS
register, sending OxFF to the bus.

In order to write data in time, data must be written to the DT register first before communication, in

two different ways:

— Write operation through software: Clear the TXDT register by setting TDBE=1 through
software, and then write the first data to the TXDT register, the TDBE is cleared

— Write operation through interrupts or DMA: Clear the TXDT register by setting TDBE=1
through software, then set the TDIS bit to generate a TDIS event, which generates an interrupt
or DMA request. At this point, data is written to the TXDT register using DMA or interrupt
functions

Data transfer (slave receive, clock stretching enabled, STRETCH=0)

After address matching:

1. 12C_RXDT register becomes empty, the shift register becomes empty, and RDBF=0 in the
[2C_STS register

2. Upon the receipt of data, RDBF=1; The RDBF is cleared by read operation to the RXDT register

3. Repeat step 2 until the completion of all data transfer

4. Wait for the generation of a STOP condition. Once received, the STOPF is set in the 12C_STS
register. The STOPF can be cleared by writing 1 to the STOPC bit in the [12C_CLR register,
transfer ends.

In slave receive mode, the slave byte control mode (SCTRL=1) can be used for data reception. This
mode allows to control ACK/NACK signals of each byte received. This mode is typically available in
SMBus protocol. Refer to 11.4.2 Data transfer management for more information about this mode.

Note that the slave must read the received data in the case of the clock stretching being disabled
(STRETCH=1). If one-byte data has been received and data is not read yet before the end of the
next data reception, an overrun error occurs, setting the OUF bit in the 12C_STS register, and
sending NCAK.

An interrupt will be generated if the corresponding interrupt enable bit is enabled. For more
information about interrupt generation, refer to the interrupt chapter.
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Slave transmitter
Figure 11-11 I2C slave transmission flow

Slave initialization
(if STRETCH =1, write data to
12C_TXDT DT
Y No
12C_STS_ADDRF=1?
Yes
Read ADDR and SDIR in I2C_STS
Optional : Set I2C_STS_TDBE =1
Set 12C_CLR_ADDRC =1
No
12C_STS_ACKFAIL=1?
Write 12C_CLR_ACKFAILC
= No
No
Yes
Yes
Set 12C_STS_TDBE =1 Write 12C_TXDT_DT
and I2C_CLR_TDIS =1
Set 12C_CLR_STOPC
Figure 11-12 I12C slave transmission timing
Example : I12C Slave transfer N bytes to I12C Master , I2C_CTRL2_STRETCH =0.
EV1 EV2 EV3 EV4
b i
| S| Address | r/w| A <—>| Datal | A | Data2 | A | ...... | DataN | NA P|
SCL
Stretch
1 N M| L
EV1.12C_STS1_ADDRF = 1, set 12C_CLR_ADDRC = 1. I:I Master to Slave S = Start
EV2. write Data2 , 12C_STS_TDIS = 0. A = Acknowledge
EV3. write Data3 , I2C_STS_TDIS = 0. P = Stop
EV4.12C_STS_STOPF, set12C_CLR_STOPC. I:I Slave to Master
S D . S [ ] L] - L
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Slave receiver

Figure 11-13 I°C slave receive flow

Slave initialization

/

I2C_STS_ADDRF=1?

Yes

Read ADDR and SDIR in I2C_STS
Set I2C_CLR_ADDRC =1

No

I2C_STS_STOPF=1?

I2C_STS_RDBF=1?

Set 12C_CLR_STOPC

Read [2C_RXDT DT

Figure 11-14 I12C slave receive timing

Example : 12C Slave receiver Nbytes from I12C master .

EV1 fEVZ E*S E;zl ;VS
|S| Address |r/w|<—> A | Datal | A | Data2 | A | ,,,,,, | DataN | A |P
SCL
Stretch

] 1 L

EV1.12C_STS_ADDRF =1, set 12C_CLR_ADDRC I:I Master to Slave S = Start
EV2.12C_STS_RDBF =1, read Datal A = Acknowledge
EV3.12C_STS_RDBF = 1, read Data2 P = Stop
EV4.12C_STS_RDBF =1, read DataN I:I Slave to Master
EV5. 12C_STS_STOPF =1, set12C_CLR_STOPC

S D . S [ ] L] - L
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11.45 SMBus

The System Management Bus (SMBus) is a two-wire interface through which various devices can
communicate with each other. It is based on 12C. With SMBus, the device can provide manufacturer
information, tell the system its model/part number, report different types of errors and accept control
parameters and so on. For more information, refer to SMBus 2.0 protocol.

Difference between SMBus and I°C

1. SMBus requires a minimum speed of 10 kHz for the purpose of management and monitor. It is
quite easy to know whether the bus is in Idle state or not as long as a parameter is input while
running on a certain transmission speed, without the need of detecting the STOP signals one after
another, or even keeping STOP and other parameter monitor. There is no limit for 12C.

2.  SMBus transmission speed ranges from 10 kHz to 100 kHz. In contrast, I°C has no minimum
requirement, and its maximum speed varies from one mode to another, namely, 100 kHz in
standard mode and 400 kHz in fast mode.

3. After reset, SMBus needs timeout, but there is no limit for I°C in this regard.

SMBus address resolution protocol (ARP)

SMBus address conflicts can be resolved by dynamically assigning a new unique address to each device.
Refer to SMBus 2.0 protocol for more information about ARP.

Setting the DEVADDREN bit in the 12C_CTRL1 register can enable the I1°C interface to recognize the
default device address (0b1100001x). However, unique device identifier (UDID) and the detailed protocol
implementation should be handled by software.

SMBus host notify protocol

The slave device can send data to the master device through SMBus host notify protocol. For example,
the slave can notify the host to implement ARP with this protocol. Refer to SMBus 2.0 protocol for details
on SMBus host notify protocol.

In host mode (HADDREN =1), the I°C interface is enabled to recognize the 0b0001000x (default host
address)

SMBus Alert

SMBALERT is an optional signal that connects the ALERT pin between the host and the salve. With this
signal, the slave notifies the host to access the slave. SMBALERT is a wired-AND signal. For more
information about SMBus Alert, refer to SMBus2.0 protocol.

The detailed sequences are as follows:

SMBus host

Enable SMBus Alert mode by setting SMBALERT=1

Enable ALERT interrupt if necessary

When an alert event occurs on the ALERT pin (ALERT pin changes from high to low)

The host will generate ALERT interrupt if enabled

The host then processes the interrupt and accesses to all devices through ARA (Alert Response
Address 0001100x) so as to get the slave addresses. Only the devices with pulled-down
SMBALERT can acknowledge ARA.

6. The host then continues to operate based on the slave addresses available.

aprOdE

SMBus slave

1.  When an alert event occurs and the ALERT pin changes from high to low (SMBALERT=1), the
slave responses to ARA (Alert Response Address) address (0001100x)

2. Wait until the host gets the slave addresses through ARA

3. Reportits own address, but it continues to wait if the arbitration is lost

4. Address is reported properly, and the ALERT pin is released (SMBALERT=0).

Packet error checking (PEC)

Packet error checking (PEC) is used to guarantee the correctness and integrity of data transfer. This is
done by using CRC-8 polynomial:

CX)=x®+ x>+ x+1
PEC calculation is enabled when PECEN=1 in the 12C_CTRL1 register to check address and data.
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PEC transfer:

— Host: PEC transfer is enabled by setting PECTEN=1 in the I2C_CTRL2 register. The host sends
a PEC as soon as the number of data transfer reaches N-1 (CNT=N)

— Slave: PEC transfer is enabled by setting PECTEN=1 in the 12C_CTRL2 register. When the
number of data transfer reaches N-1 (CNT=N), the slave will consider the Nth data as a PEC and
check it. A NACK will be sent if the PEC checking result is not correct, setting the PECERR flag in
the 12C_STS register. In case of slave transmission mode, a NACK must follow the PEC whatever
the checking result.

SMBus timeout

The SMBus protocol specifies three timeout detection modes:

— Low level timeout (trimeout): The time duration when the SCL is kept low in a single mode (taking
into account master/slave device, however actively or passively pulled low)

— Cumulative timeout for a slave device at low level (tLow:sext): The cumulative time duration when
the SCL is pulled low by a slave device during the period from a START condition to a STOP
condition

— Cumulative timeout for a master device at low level (tLow:mext): The cumulative time duration when
the SCL is pulled low by a master device during the period from the ACK of the last byte to the 8th
bit of the next byte (a single byte)

It should be noted that both tLow:sext and tLow:sexr only deal with the time when they set themselves low
level, excluding the time when they are pulled low by external sources. In contrast, both of these cases
are considered in the calculation of triveour.

Table 11-3 SMBus timeout specification

Type of timeout Min Max Unit
triMeouT 25 35 ms
tLow:sexT - 25 ms
tLow:MEXT - 10 ms

The 12C peripherals embeds two counters for timeout detection, which can be configured through the

I2C_TIMEOUT register. When a timeout event occurs, the TMOUT is set in the 12C_STS register. The

TMOUT bit can be cleared by writing 1 to the TMOUTC bit in the 12C_CLR register

— EXTTIME: This is used to the cumulative timeout detection for master/slave devices at low level
Timeout duration=(EXTTIME + 1) x 2048 X Tic_cLk

— TOTIME: This is used for clock level timeout detection, selected through the TOMODE bit.

TOMODE=0: Low level timeout detection, timeout duration=(TOTIME + 1) x 2048 X Ti2c_cLk
TOMODE-=1: High level timeout detection, timeout duration=(TOTIME + 1) X 4 X Tizc_cLk
Table 11-4 SMBus timeout detection configuration

Type of timeout Other configuration Enable bit Timeout calculation

trimeout TOMODE=0 TOEN=1 (TOTIME + 1) x 2048 x Ti2c_cLk
tLow:sexT - EXTEN=1 (EXTTIME + 1) x 2048 x Ti2c_cLk
tLow:MeExT - EXTEN=1 (EXTTIME + 1) x 2048 x Ti2c_cLk

Slave receive byte control

In slave receive mode, the slave receive byte control mode (SCTRL=1) can be used to control
ACK/NACK signals of each received byte. Refer to the 11.4.2 Data transfer management for more
information.
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Table 11-5 SMBus mode configuration

Transfer mode PECEN PECTEN RLDEN ASTOPEN SCTRL
Master transmit/receive +STOP 1 1 0 1 -
Master transmit/receive +RESTART 1 1 0 0 -
Slave receive 1 1 1 - 1
Slave transmit 1 1 0 - -

How to use the interface in SMBus mode
1. Set SMBus default address acknowledgement:
HADDREN=1: Master default address acknowledged (Ob0001000x)
DEVADDREN=1: Device default address acknowledged (0b1100001x)
2. Configure PEC

3. Slave receive byte control mode can be enabled (with SCTRL bitin the I2C_CTRL1) in slave mode,
if necessary

4.  Other configurations follow the 1>C

However, the detailed SMBus protocol implementation should be handled by software, since the 1°C
interface is only enabled to recognize the addresses of SMBus protocols.

11.4.6 SMBus master communication flow
The SMBus is similar to the 12C in terms of master communication flow.

1. I?C clock initialization (by setting the 12C_CLKCTRL register)
— I2C clock divider: DIV[7:0]
— Data hold time (tup;pat): SDAD[3:0]
— Data setup time (tsu;pat): SCLDJ[3:0]
— SCL high duration: SCLHJ[7:0]
— SCL low duration: SCLL[7:0]

The register can be configured by means of Artery_[2C_Timing_Configuration tool.

2.  SMBus-related initialization
— Select SMBus host: host default address acknowledged (0b0001000x) by setting HADDREN=1
— Enable PEC calculation: set PECEN=1 in the I12C_CTRL register
— Enable PEC transfer: set PECTEN=1 in the I2C_CTRL2 register

3. Set the number of bytes to be transferred
— Disable reload mode by setting RLDEN=0 in the I12C_CTRL2 register
— Set CNT[7:0]=N in the 12C_CTRL2 register

The number of bytes to be transferred is <255 in SMBus mode at one time.

4. End of data transfer
— ASTOPEN=0: stop data transfer by software. After the completion of data transfer, the TDC is
set in the I2C_STS register, and GENSTOP=1 or GENSTART=1 is written by software to send
a STOP or START condition
— ASTOPEN=1: data transfer is stopped automatically. A STOP condition is sent at the end of
data transfer
5. Set slave address
— Set slave address value (by setting the SADDR bit in the 12C_CTRL2 register)
— Set 7-bit slave address mode (by setting the ADDR10=0 in the 12C_CTRL2 register)

6. Set transfer direction (by setting the DIR bit in the 12C_CTRL2 register)
— DIR=0: Master reception
— DIR=1: Master transmission

7. Start data transfer

In case of GENSTART=L1 in the 12C_CTRL2 register, the master starts sending a START condition
and slave address. After receiving the ACK from the slave, ADDRF=1 is asserted in the 12C_STS

2023.08.02 Page 158 Rev 2.02



?r ? AT32F423 Series Reference Manual

register. The ADDRF flag can be cleared by setting ADDRC=1 in the 12C_CLR register, and then
data transfer starts.
8. Master transmit
1. 12C_TXDT data register is empty, the shift register is empty, TDIS=1 in the 12C_STS register
2. Writing 1 to the TXDT register, and data is immediately moved to the shift register
3. TXDT register becomes empty, TDIS=1 again
4. Writing 2 to the TXDT register, TDIS is cleared
5. Repeat step 2 and 3 until the specified data (N-1) is sent
6. The master will automatically transmit the Nth data, that is, PEC.
M
1.
2.

aster receive
After the reception of data, RDBF=1, read the RXDT register will clear the RDBF automatically
Repeat step 1 until the reception of the specified data (N). The Nth data is set as PEC. ANACK
is automatically sent after the receipt of the Nth data (PEC) whatever the PEC result.

10. STOP condition

— STOP condition generation:

ASTOPEN=0: TDC=1 in the I2C_STS register, set GENSTOP=1 to generate a STOP condition

ASTOPEN=1: A STOP condition is generated automatically

— Wait for the generation of a STOP condition, when a STOP condition is generated, STOPF=1
is asserted in the 12C_STS register. The STOPF flag can be cleared by setting STOPC=1 in
the I2C_CLR register, and then transfer stops

SMBus master transmitter
Figure 11-15 SMBus master transmission flow

Example : 12C master transmitter N bytes + PEC .
Initial setting flow :
1.12C_CTRL2_CNT =N+ 1
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_PECTEN =1
4.12C_CTRL2_GENSTART =1
. . EV1 EV2 EV3 EV4 EV5 EV6
Initial setting
) o ) R )
S Address rw| A 4—>| Datal | A | Data2 | A ’ ,,,,,, | DataN | A | PEC | A |E|
SCL
Stretch
TDIS
EV1.12C_STS_ADDRF=1,set12C_CLR_ADDRC=1
EV2.12C_STS_TDIS = 1, write Datal I:I Master to Slave S - start
EV3.12C_STS_TDIS = 1, write Data2 A = Acknowledge
EV4. [2C_STS_TDIS = 1, write Data3 P = Stop
EV5. 12C_STS_TDIS =1, write DataN I:] Slave to Master
EV6. 12C_STS_STOPF =1,set12C_CLR_STOPC =1
S D . S [ ] L] - L
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Figure 11-16 SMBus master transmission timing

Example : SMBus master receiver N bytes +PEC .
Initial setting flow :

1.12C_CTRL2_CNT =N+1
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_PECTEN =1
4.12C_CTRL2_GENSTART = 1

2023.08.02

EV5
Initial setting EV1 EV2 EV3 EV4 EV6
A A A ? A
S Address hw| A |—p Datal A Data2 Al DataN A NA|P
[ ~ & . [l
Stretch
RDBF
1 [ 1 [ L L
EV1. 12C_STS_ADDRF = 1, set 2C_CLR_ADDRC E’ Master to Slave S = Start
EV2.12C_STS_RDBF , read Datal A = Acknowledge
EV3. 12C_STS_RDBF , read Data2 P = Stop
EV4. 12C_STS_RDBF , read DataN D Slave to Master
EVS. [2C_STS_RDBF , read PEC
EV6. [2C_STS_STOPF=1 set 12C_CLR_STOPC
SMBus master receiver
Figure 11-17 SMBus master receive flow
Master initialization
Set 12C_CTRL2_CNT = N+1
12C_CTRL1_PECEN=1
I2C_CTRL2_PECTEN=1
Configure slave address
GENSTART =1
12C_STS_RDBF=1?
Yes
Read 12C_RXDT_DT
Set 2C_CTRL2_GENSTOP =1
Wait 12C_STS_STOPF=1
Set 12C_CLR_STOPC=1
CNT
received?
Yes
(ASTOPEN = 0)
No
(ASTOPEN = 1)
Wait 12C_STS_STOPF=1 Configure CNT and slave address
Set 12C_CLR_STOPC=1 GENSTART =1
D . S [ ] L] L
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Figure 11-18 SMBus master receive timing

SMBus master receiver N bytes +PEC
Initial setting flow :

1.12C_CTRL2_CNT =N+ 1
2.12C_CTRL2_SADDR = slave address
3.12C_CTRL2_ASTOPEN =1
4.12C_CTRL1_PECEN =1
5.12C_CTRL2_PECTEN =1

6.12C_CTRL2_GENSTART =1
- - EV5

Initial setting EV1 EV2 EV3 EV4 EV6
A A i A A

S Address w| A |—p Datal Data2 | A | ... l DataN PEC | NA| P|

SCL
Stretch

1 1 1 M
EV1.12C_STS_ADDRF =1, set|2C_CLR_ADDRC

EV2. 12C_STS_RDBF, read Datal |:| Master to Slave S = start

EV3.12C_STS_RDBF, read Data2 A = Acknowledge

EV4. 12C_STS_RDBF, read DataN P = Stop

EV5. 12C_STS_RDBF, read PEC I:] Slave to Master

EV6. 12C_STS_STOPF=1, set12C_CLR_STOPC

11.4.7 SMBus slave communication flow
The SMBus is similar to the IC in terms of slave communication flow.
1. I1?C clock initialization (by setting the 12C_CLKCTRL register)
— I2C clock division: DIV[7:0]
— Data hold time (tHD;DAT): SDAD[3:0]
— data setup time (tSU;DAT): SCLD[3:0]
The register can be configured by means of Artery_12C_Timing_Configuration tool.

2. Setlocal address
— Set 7-bit address mode: by setting ADDR1MODE = 0 in the 12C_OADDR register
— Set address 1: by setting the ADDRL bit in the 12C_OADDRL1 register
— Enable address 1: by setting ADDR1EN=1 in the I2C_OADDRL1 register

3. SMBus-related initialization

— Select SMBus host: device default address acknowledged (0b1100001x) by setting
DEVADDREN=1

— Enable PEC calculation: Set PECEN=L1 in the 12C_CTRL1 register
— Set slave byte control mode:

Slave transmit: disable byte control mode by setting SCTRL=0 in the 12C_CTRL1 register
Slave receive: enable byte control mode by setting SCTRL=1 in the 12C_CTRL1 register
4. Wait for address matching

When the local address is received, the ADDREF bit is setin the 12C_STS register. The data transfer
direction can be obtained by read access to the SDIR bit in the I2C_STS register. When SDIR=0,
it indicates that the slave is receiving data, whereas SDIR=1 indicates that the slave is sending
data. The ADDR[6:0 bit of the 12C_STS register indicates what kind of address has been received,
which is particularly helpful in the case when the dual address mode is used and the address 2
mode mask bit is set.

Enable PEC transfer: by setting PECTEN=1 in the I2C_CTRL2 register
Set the number of data to be transferred:

— Slave transmit: by setting CNT=N in the 12C_CTRL2 register

— Slave receive: by setting CNT=1 in the 12C_CTRL2 register

Set reload mode:

— Slave transmit: by setting RLDEN=0 in the 12C_CTRL2 register
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Slave receive: by setting RLDEN=L1 in the 12C_CTRL2 register

The ADDREF flag can be cleared by setting ADDRC=1 in the I12C_CLR register, and then data
transfer starts.

Data transfer (slave transmission, clock stretching enabled, STRETCH=0)

After address matching:

1.

Nook~wn

©

[2C_TXDT data register becomes empty, the shift register becomes empty, and TDIS=1 in the
[2C_STS register

Data is then transferred to the shift register after writing 1 to the TXDT register

The TXDT register then becomes empty, and the TDIS is set again

TDIS is cleared by writing 2 to the TXDT register

Repeat step 3 and 4 until data (N-1) is sent

The slave will automatically transmit the Nth data, that is, PEC

Wait for the generation of an NACK signal. Once received, the ACKFAILF is set in the I2C_STS
register. The ACKFAILF flag is cleared by writing 1 to the ACKFAILC

Wait for the generation of a STOP condition. Once received, the STOPF is set in the I2C_STS
register. At the end of data transfer, the STOPF is cleared by writing 1 to the STOPC,
transmission ends.

Data transfer (slave receive, clock stretching enabled, STRETCH=0)

After address matching:

1.

2.

3.

I2C_RXDT register becomes empty, the shift register becomes empty, and RDBF=0 in the
[2C_STS register

Upon the receipt of one-byte data, RDBF=1 and TCRLD=1, then the SCL is pulled low by the
slave

The RDBEF is cleared by read operation to the RXDT register

NACKEN bit of the 12C_CTRL register can be configured to generate an ACK or NACK, if
needed

If a NACK is detected, it indicates the completion of communication

If an ACK is detected, communication continues. Writing CNT=1 will automatically clear the
TCRLD flag by hardware, and the SCL is released by the slave for the reception of the next
data

Repeat step 2/3/4 until the completion of data reception (N-1)

Set RLDEN=0 of the I12C_CTRL2 register to disable reload mode. Set CNT=1 to repeat step
2/3 to receive a PEC. The PECERR bit will be set if a PEC error occurs

Wait for the generation of a STOP condition. Once received, the STOPF is set in the I2C_STS
register. The STOPF can be cleared by writing 1 to the STOPC bit in the 12C_CLR register,
transfer ends.
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SMBus slave transmitter
Figure 11-19 SMBus slave transmission flow

Slave initialization

12C_STS_ADDRF=1?

Set 12C_CTRL2_CNT =N+ 1
I2C_CTRL2_PECTEN = 1

!

I2C_CLR_ADDRC =1

No

12C_STS_TDIS=17?

Write 12C_TXDT_DT

No
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Figure 11-20 SMBus slave transmission timing

Example : SMBus slave transmitter N bytes + PEC

EV1l EV2 EV3 EV4 EV5 EV6
b A
|s| Address |r/w| A }4—» Datal Daa2 | A| ... DataN PEC E
scL
Stretch
TDIS [ LI 1 [ [
EV1.12C_STS_ADDRF = 1 ,set12C_CTRL2 CNT =N+1, PECTEN =1, \:I Master to Slave S = Start
12C_CLR_ADDRC =1 A = Acknowledge
EV2.12C_STS_TDIS , write Datal P = Stop
EV3.12C_STS_TDIS , write Data2 D Slave to Master
EV4.12C_STS_TDIS , write Data3
EV5. 12C_STS_TDIS , write DataN
EV6. 12C_STS_STOPF =1,set12C_CLR_STOPC =1
SMBus slave receiver
Figure 11-21 SMBus slave transmission timing
Slave initialization
y Read 12C_RXDT_DT
—p Set 12C_CTRL2_RLDEN =0,
I2C_STS_ADDRF=1? NACKIEN=0and CNT =1
Set [2C_CTRL2, CNT =1, No
RLDEN=1, PECTEN =1 I2C_STS_RDBF = 1?
Yes
Set I2C_CLR_ADDRC =1
| Read 12C_RXDT_DT
12C_STS_RDBF=1?
End
Read I2C_RXDT_DT
Set I2C_CTRL2_NACKIEN =0
12C_CTRL2_CNT =1
N= N-1
No
Yes
IS S D . S 1 | T ] T
Rev 2.02
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Figure 11-22 SMBus slave receive timing

Example : SMBus slave receiver N bytes +PEC
E\/l EV2 EV3 EV4 EV5 EV6
A A A AA
| Sl Address rIW '<—>’ A | Datal | A | Data2 | A ’ ______ DataN | A | PEC | A |P
SCL
Stretch
EV1. I2C_STS_ADDR =1, Set I2C_CTRL2 CNT = N+1 ,PECTEN = 1,and set l:l Master to Slave S = Start
12C_CLR_ADDRC =1 A = Acknowledge
EV2. 12C_STS_RDBF , read Datal P = Stop
EV3. 12C_STS_RDBF , read Data2 I:] Slave to Master
EV4.12C_STS_RDBF , read DataN
EV5. 12C_STS_RDBF , read PEC
EV6. 12C_STS_STOPF =1, set12C_CLR_STOPC

11.4.8

Data transfer using DMA

I2C data transfer can be done using DMA controller so as to reduce the burden on the CPU. The TDIEN
and RDIEN must be set 0 when using DMA for data transfer.

Transmission using DMA (DMATEN=1)

1.
2.
3.

4.
5.

Set the peripheral address (DMA_CxPADDR= 12C_TXDT address)

Set the memory address (DMA_CxMADDR=data memory address)

The transmission direction is set from memory to peripheral (DTD=1 in the DMA_CHCTRL
register)

Configure the total number of bytes to be transferred in the DMA_CXDTCNT register
Configure other parameters such as priority, memory data width, peripheral data width,
interrupts, etc. in the DMA_CHCTRL register

Enable the DMA channel by setting CHEN=1 in the DMA_CXxCTRL register

Enable 12C DMA request by setting DMAEN=L1 in the I2C_CTRL2 register. Once the TDBE bit
inthe I2C_STS1 register is set, the data is loaded from the programmed memory to the I2C_DT
register through DMA

When the number of data transfers, programmed in the DMA controller, is reached
(DMA_CxDTCNT=0), the data transfer is complete (An interrupt is generated if enabled).
Master transmitter: Once the TDC flag is set, the STOP condition is generated, indicating that
transfer is complete.

Slave transmitter: Once the ACKFAIL flag is set, clear the ACKFAIL flag, transfer is complete.

Receptlon using DMA (DMAREN=1)

2023.08.02

Set the peripheral address (DMA_CxPADDR = [2C_RXDT address)

Set the memory address (DMA_CxMADDR = memory address)

The transmission directions set from peripheral to memory (DTD=0 in the DMA_CHCTRL
register)

Configure the total number of bytes to be transferred in the DMA_CXDTCNT register
Configure other parameters such as priority, memory data width, peripheral data width,
interrupts, etc. in the DMA_CHCTRL register

Enable the DMA channel by setting CHEN=1 in the DMA_CxCTRL register

Enable | 2C DMA request by setting DMAEN=1 in the 12C_CTRL2 register. Once the RDBE
bit in the 12C_STS1 register is set, the data is loaded from the 12C_DT register to the
programmed memory through DMA

When the number of data transfers, programmed in the DMA controller, is reached
(DMA_CxDTCNT=0), the data transfer is complete (An interrupt is generated if enabled).

Master receiver: refer to the 12C master communication flow section for STOP condition
Slave receiver: refer to the 12C slave communication flow section for STOP condition
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11.4.9 Error management

The error management feature included in the 1°C provides a guarantee for the reliability of
communication. The manageable error events are listed below:

Table 11-6 I12C error event

Error event Event flag Enable control bit Clear bit
SMBus Alert ALERTF ERRIEN ALERTC
Timeout error TMOUT ERRIEN TMOUTC
PEC error PECERR ERRIEN PECERRC
Overrun/underrun OUF ERRIEN OUFC
Arbitration lost ARLOST ERRIEN ARLOSTC
Bus error BUSERR ERRIEN BUSERRC

Overrun/Underrun (OUF)

In slave mode, an underrun/overrun may appear if the clock stretching feature is disabled (STRETCH=1
in the 12C_CTRL1 register).

In slave transmit mode: if data has not yet been written to the TXDT register before the transmission of
the first bit of the to-be-transferred data (that is, before the generation of SDA edge), an underrun error
may occur, and the OUF bit is set in the 12C_STS register, sending 0xFF to the bus.

In slave receive mode: The slave must read the received data in the case of the clock stretching being
disabled (STRETCH=1). If one-byte data has been received and data is not read yet before the end of
the next data reception, an overrun error occurs, setting OUF=1 in the 12C_STS register, and sending
NCAK.

Arbitration lost (ARLOST)

An arbitration lost may occur when the device controls the SDA line to output high level but the actual
bus output is low.

— Master transmit: An arbitration may occur during an address transfer and a data transfer

— Master receive: An arbitration may occur during an address transfer and an ACK response

— Slave transmit: An arbitration may occur during a data transfer

— Slave receive: An arbitration may occur during an ACK response

Once an arbitration lost is detected, the ARLOST is set by hardware in the 12C_STS register. The SCL
and SDA buses will be released and go automatically back to slave mode.

Bus error (BUSERR)

The SDA line, during a data transfer, must be kept in a stable state when the SCL is in high level. The
SDA can be changed only when the SCL signal becomes low, otherwise, a bus error may appear.
When the SCL is high:

— SDA changes from 1 to 0: a misplaced START condition

— SDA changes from 0 to 1: a misplaced STOP condition

Both of these conditions above may trigger a bus error. Once it occurs, the BUSERR is set by hardware
in the 12C_STS register.

Packet error checking (PECERR)

The PEC is available only in SMBus mode. In master receive and slave receive modes, a PEC error
may appear if the received PEC is not equal to the internally calculated PEC. In this case, the PECERR
bit is set by hardware in the 12C_STS register.

In slave receive mode, an NACK is sent when a PEC error is detected.

2023.08.02 Page 166 Rev 2.02



|_ AT32F423 Series Reference Manual

In master receive mode, an NACK is always sent, whatever the PEC check result.

SMBus alert (ALERTF)

The SMBus alert feature is present when HADDREN=1 (SMBus master mode) and SMBALERT=1
(SMBus alert mode).Once an alert event is detected on the ALERT pin (ALERT pin changes from high
to low), the ALERTF bit is set by hardware in the 12C_STS register.

Timeout error (TMOUT)

SMBus defines a timeout mechanism for the improvement of the system stability, preventing the bus
from being pulled down in the case of a master or slave failure. Once a timeout event (defined in SMBus
chapter) is detected, the TMOUT is set by hardware in the 12C_STS register. If a timeout error occurs in
slave mode, the SCL and SDA buses are immediately released; if a timeout error occurs in master mode,
a STOP condition is automatically by host to abort the communication

11.4.10 Wakeup from Deepsleep mode at address matching event

12C1 supports to wake up from Deepsleep mode when the address matches. To enable this function,
configure internal registers as below before entering Deepsleep mode:

B Set WAKEUPEN=1 in the 12C1_CTRL1 register

B Set DFLT=0 in the [2C1_CTRL1 register

B Set STRETCH=0 in the I2C1_CTRL1 register

B Select HICK by setting the I2C1SEL bit in the CRM_PICLKS register

Deepsleep mode wakeup procedure:
1. After completion of the above mentioned configurations, the system enters Deepsleep mode, and
at this point, HICK is disabled
2. When the 12C bus enabling condition is detected, I12C interface enable HICK and pull the SCL bus
low
3. After the HICK is enabled, start receiving address
® Address matches: wake up the system, and during the wakeup process, 12C interface keeps
pulling SCL bus low until the address match interrupt is handled and ADDRF flag is cleared
® Address does not match: disable HICK, and the system does not wake up
4. SCL bus is released and enters normal transmission status
® The 12C is not allowed to enter Deepsleep mode after it is accessed as master transfer data
or slave

11.5 I°C interrupt requests

The following table lists all the I°C interrupt requests.
Table 11-7 12C interrupt requests

Interrupt event Event flag Enable control bit
Address matched ADDRF ADDRIEN
Acknowledge failure ACKFAIL ACKFAILIEN
Stop condition received STOPF STOPIEN
Transmit interrupt state TDIS TDIEN
Receive data buffer full RDBF RDIEN
Transfer complete, wait for loading data TCRLD
TDCIEN
Data transfer complete TDC
SMBus alert ALERTF
Timeout error TMOUT ERRIEN
PEC error PECERR
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Overrun/underrun OUF
Arbitration lost ARLOST
Bus error BUSERR

11.6 1°C debug mode

When the microcontroller enters debug mode (Cortex®-M4 halted), the SMBUS timeout either continues
to work or stops, depending on the 12Cx_SMBUS_TIMEOUT configuration bit in the DEBUG module.

11.7 I°C registers

These peripheral registers must be accessed by words (32 bits).
Table 11-8 I12C register map and reset values

Register Offset Reset value
I2C_CTRL1 0x00 0x00000000
I2C_CTRL2 0x04 0x00000000
12C_OADDR1 0x08 0x00000000
12C_OADDR2 0x0C 0x00000000
I2C_CLKCTRL 0x10 0x00000000
I2C_TIMEOUT 0x14 0x00000000
I2C_STS 0x18 0x00000000
I2C_CLR 0x1C 0x00000000
I2C_PEC 0x20 0x00000000
I2C_RXDT 0x24 0x00000000
I2C_TXDT 0x28 0x00000000
11.7.1  Control register 1 (12C_CTRL1)
Bit Register Reset value Type Description
Bit 31:24 Reserved 0x00 res Kept at its default value.
PEC calculation enable
Bit 23 PECEN 0x0 rw 0: PEC calculation disabled

1: PEC calculation enabled
SMBus alert enable / pin set
To enable SMBus master alert feature:
0: SMBus alert disabled
Bit 22 SMBALERT 0x0 w 1: SMBus alert enabled
To enable SMBus slave alert feature:
0: Pin high
1: Pin low, response address 0001100x
SMBus device default address enable
0: SMBus device default address disabled
1: SMBus device default address enabled, response
device default address 1100001x.
SMBus host address enable
0: SMBus host address disabled
1: SMBus host address enabled, response host address
0001000x
General call address enable
0: General call address disabled
1: General call address enabled, response address
0000000x
Deepsleep mode wakeup enable
Bit 18 WAKEUPEN 0x0 rw 0: Disabled
1: Enabled
Bit 17 STRETCH 0x0 rw Clock stretching mode

Bit 21 DEVADDREN 0x0 rw

Bit 20 HADDREN 0x0 rw

Bit 19 GCAEN 0x0 rw
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0: Clock stretching mode enabled
1: Clock stretching mode disabled
Note: It is valid in slave mode only.

Slave receiving data control

Bit 16 SCTRL 0x0 rw 0: Slave receiving data control disabled
1: Slave receiving data control enabled
DMA receive data request enable
Bit 15 DMAREN 0x0 rw 0: DMA receive data request disabled
1: DMA receive data request enabled
DMA transmit data request enable
Bit 14 DMATEN 0x0 rw 0: DMA transmit data request disabled
1: DMA transmit data request enabled
Bit 13 Reserved 0x0 res Kept at its default value.
Analog filter off
Bit 12 ANGNFOFF 0x0 rw 0: Enabled
1: Disabled
Digital filter value
Bit 11:8 DFLT 0x0 rw The glitches less than the filter time on the SCL bus will
be filtered; filter time= DFLT X Ti2c_cLk.
Error interrupt enable
Bit 7 ERRIEN 0x0 rw 0: Error interrupt disabled
1: Error interrupt enabled
Transfer data complete interrupt enable
Bit 6 TDCIEN 0x0 rw 0: Transfer data complete interrupt disabled
1: Transfer data complete interrupt enabled
Stop generation complete interrupt enable
Bit 5 STOPIEN 0x0 rw 0: Stop generation complete interrupt disabled
1: Stop generation complete interrupt enabled
Acknowledge fail interrupt enable
Bit 4 ACKFAILIEN 0x0 rw 0: Acknowledge fail interrupt disabled
1: Acknowledge fail interrupt enabled
Address match interrupt enable
Bit 3 ADDRIEN 0x0 w 0: Address match interrupt disabled
1: Address match interrupt enabled
Receive data interrupt enable
Bit 2 RDIEN 0x0 rw 0: Receive data interrupt disabled
1: Receive data interrupt enabled
Transmit data interrupt enable
Bit 1 TDIEN 0x0 w 0: Transmit data interrupt disabled
1: Transmit data interrupt enabled
I2C peripheral enable
Bit 0 I2CEN 0x0 rw 0: Disabled
1: Enabled
11.7.2 Control register 2 (12C_CTRL?2)
Bit Register Reset value Type Description
Bit 31:27  Reserved 0x00 res Kept at its default value.
Request PEC transmission enable
Bit 26 PECTEN 0x0 rw 0: Transmission disabled
1: Transmission enabled
Automatically send stop condition enable
Bit 25 ASTOPEN 0x0 rw 0: Disabled (Software sends STOP condition)
1: Enabled (Automatically send STOP condition)
Send data reload mode enable
Bit 24 RLDEN 0x0 rw 0: Send data reload mode disabled
1: Send data reload mode enabled
Bit 23:16  CNT[7:0] 0x00 rw Transmit data counter
Not acknowledge enable
Bit 15 NACKEN 0x0 rw 0: Acknowledge enabled
1: Acknowledge disabled
Generate stop condition
Bit 14 GENSTOP 0x0 rw 0: No stop generation
1: Stop generation
Generate start condition
Bit 13 GENSTART 0x0 rw 0: No start generation

1: Start generation
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10-bit address header read enable

Bit 12 READH10 0x0 rw 0: 10-bit address header read disabled
1: 10-bit address header read enabled
Host send 10-bit address mode enable
Bit 11 ADDR10 0x0 w 0: 7-bit address mode
1: 10-bit address mode
Master data transmission direction
Bit 10 DIR 0x0 w 0: Transmit
1: Receive
. . The slave address sent by the master
Bit9:0  SADDR[9:0] 0x000 w In 7-bit address mode, BITO and BIT[9:8] don't care.
11.7.3 Own address register 1 (1I2C OADDR1)
Bit Register Reset value Type Description
Bit 31:16  Reserved 0x0000 res Kept at its default value.
Own Address 1 enable
Bit 15 ADDR1EN 0x0 rw 0: Own Address 1 disabled
1: Own Address 1 enabled
Bit 14:11 Reserved 0x0 res Kept at its default value.
Own Address mode
Bit 10 ADDR1MODE 0x0 w 0: 7-bit address mode
1: 10-bit address mode
. . Own address 1
Bit 9:0 ADDR1[9:0] 0x000 w In 7-bit address mode, bit 0 and bit [9:8] don’t care
11.7.4 Own address register 2 (I2C OADDR?2)
Bit Register Reset value Type Description
Bit 31:16  Reserved 0x0000 res Kept at its default value.
Own address 2 enable
Bit 15 ADDRZ2EN 0x0 rw 0: Own address 2 disabled
1: Own address 2 enabled
Bit 14:11  Reserved 0x0 res Kept at its default value.
Own address 2-bit mask
000: Match address bit [7:1]
001: Match address bit [7:2]
010: Match address bit [7:3]
. . . 011: Match address bit [7:4]
Bit 10:8 ADDR2MASK][2:0] 0x0 rw 100: Match address bit [7:5]
101: Match address bit [7:6]
110: Match address bit [7]
111: Response all addresses other than those reserved
for I2C
i . Own address 2
Bit 7:1 ADDR2[7:1] 0x00 rw 7-bit address mode
Bit 0 Reserved 0x0 res Kept at its default value.
11.7.5 Timing register (12C CLKCTRL)
Bit Register Reset value Type Description
Bit 31:28 DIVL[3:0] 0x0 rw Low 4 bits of clock divider value
. . . High 4 bits of clock divider value
Bit 27:24  DIVH[7:4] 0x0 rw DIV = (DIVH << 4) + DIVL
. . . SCL output delay
Bit 23:20 SCLD[3:0] 0x0 rw Tscio = (SCLD + 1) x (DIV + 1) x Tizc oLk
. . . SDA output delay
Bit 19:16  SDAD[3:0] 0x0 W Topap = (SDAD + 1) x (DIV + 1) x Tizc ik
. . . SCL high level
Bit15:8  SCLH[7:0] 0x00 w Tscin = (SCLH + 1) x (DIV + 1) x Tizc _cik
“ 7. . SCL low level
Bit 7:0 SCLL[7:0] 0x00 rw Tscit = (SCLL + 1) x (DIV + 1) x Tizc. o1k
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11.7.6

Timeout register (12C_TIMEOUT)

Bit

Register

Reset value Type

Description

Bit 31

EXTEN

0x0

Cumulative clock low extend timeout enable

0: Cumulative clock low extend timeout disabled
1: Cumulative clock low extend timeout enabled
Corresponds to Tiow:sext/ Trow:mext in SMBus

Bit 30:28

Reserved

0x0

res

Kept at its default value.

Bit 27:16

EXTTIME[11:0]

0x000

Cumulative clock low extend timeout value
Timeout duration = (EXTTIME + 1) x 2048 x Ti2c_cLk

Bit 15

TOEN

0x0

Detect clock low/high timeout enable

0: Clock low/high timeout detection disabled
1: clock low/high timeout detection enabled
Corresponds to Trimeout in SMBus

Bit 14:13

Reserved

0x0

res

Kept at its default value.

Bit 12

TOMODE

0x0

Clock timeout detection mode
0: Clock low level detection
1: Clock high level detection

Bit 11:0

TOTIME[11:0]

0x000

rw

Clock timeout detection time

For clock low level detection (TOMODE = 0):
Timeout duration = (TOTIME + 1) x 2048 x Tizc_cLk
For clock high level detection (TOMODE = 1):
Timeout duration = (TOTIME + 1) x 4 X Tizc_cLk

Status register (I2C STS)

11.7.7

Bit

Register

Reset value Type

Description

Bit 31:24

Reserved

0x00

res

Kept at its default value.

Bit 23:17

ADDRI6:0]

0x00

Slave address matching value

In 7-bit address mode: Slave address received

In 10-bit address mode: 10-bit slave address header
received

Bit 16

SDIR

0x0

Slave data transmit direction
0: Receive data
1 Transmit data

Bit 15

BUSYF

0x0

Bus busy flag transmission mode

0: Bus idle

1: Bus busy

Once a START condition is detected, this bit is set; Once
a STOP condition is detected, this bit is automatically
cleared.

Bit 14

Reserved

0x00

res

Kept at its default value.

Bit 13

ALERTF

0x0

SMBus alert flag

SMBus host: This bit indicates the reception of an alert
signal (ALERT pin changes from high to low)

0: No alert signal received

1: Alert signal received

SMBus slave: This bit indicates the device default
address reception 0001100x

0: No alert signal received

1: Alert signal received

Bit 12

TMOUT

0x0

SMBus timeout flag
0: No timeout
1: Timeout

Bit 11

PECERR

0x0

PEC receive error flag
0: No PEC error
1: PEC error

Bit 10

OUF

0x0

Overflow or underflow flag
In transmission mode:

0: No overrun or underrun
1: Underrun

In reception mode:

0: No overrun or underrun
1: Overrun

Bit 9

ARLOST

0x0

Arbitration lost flag
0: No arbitration lost detected.
1: Arbitration lost detected.

Bit 8

BUSERR

0x0

Bus error flag
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0: No Bus error occurred
1: Bus error occurred

Bit 7

TCRLD

0x0

Transmission is complete, waiting to load data

0: Data transfer is not complete yet

1: Data transfer is complete

This bit is set when data transfer is complete (CNT=1)
and reload mode is enabled (RLDEN=1). It is
automatically cleared when writing a CNT value.

This bit is applicable in master mode or when SCTRL=1
in slave mode

Bit 6

TDC

0x0

Data transfer complete flag

0: Data transfer is not completed yet (the shift register
still holds data)

1: Data transfer is completed (shift register become
empty and all data has been sent to the bus)

This bit is set when ASTOPEN = 0, RLDEN =0 and CNT
=0.

It is automatically cleared after a START or a STOP
condition is received.

Bit 5

STOPF

0x0

Stop condition generation complete flag
0: No Stop condition detected.
1: Stop condition detected.

Bit 4

ACKFAILF

0x0

Acknowledge failure flag
0: No acknowledge failure
1: Acknowledge failure

Bit 3

ADDRF

0x0

0~7 bit address match flag
0: 0~7 bit address mismatch
1: 0~7 bit address match

Bit 2

RDBF

0x0

Receive data buffer full flag
0: Data register has not received data yet
1: Data register has received data

Bit 1

TDIS

0x0

rwis

Transmit data interrupt status

0: Data has been written to the 12C_TXDT

1: Data has been sent from the 12C_TXDT to the shift
register. 12C_TXDT become empty, and thus the to-be
transferred data must be written to the 12C_TXDT. When
the clock stretching mode is disabled, a TDIS event is
generated by writing 1 so that data is written to the
12C_TXDT register in advance.

Bit 0

TDBE

0x0

rwis

Transmit data buffer empty flag

0: 12C_TXDT holds data

1: 12C_TXDT is empty

This bit is only used to indicate the current status of the
12C_TXDT register. The 12C_TXDT register can be
cleared by writing 1 through software.

Status clear register (12C_ CLR)

11.7.8

Bit

Register

Reset value

Type

Description

Bit 31:14

Reserved

0x00000

res

Kept at its default value.

Bit 13

ALERTC

0x0

w

Clear SMBus alert flag
SMBus alert flag is cleared by writing 1.

Bit 12

TMOUTC

0x0

w

Clear SMBus timeout flag
SMBus timeout flag is cleared by writing 1.

Bit 11

PECERRC

0x0

Clear PEC receive error flag
PEC receive error flag is cleared by writing 1.

Bit 10

OUFC

0x0

Clear overload / underload flag
The overload / underload flag is cleared by writing 1.

Bit 9

ARLOSTC

0x0

Clear arbitration lost flag
The arbitration lost flag is cleared by writing 1.

Bit 8

BUSERRC

0x0

Clear bus error flag
The bus error flag is cleared by writing 1.

Bit 7:6

Reserved

0x0

Kept at its default value.

Bit 5

STOPC

0x0

Clear stop condition generation complete flag
The stop condition generation complete flag is cleared by
writing 1.

Bit 4

ACKFAILC

0x0

Clear acknowledge failure flag
The acknowledge failure flag is cleared by writing 1.
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. Clear 0~7 bit address match flag
Bit3 ADDRC 0x0 w The 0~7 bit address match flag is cleared by writing 1.
Bit 2:0 Reserved 0x0 res Kept at its default value.
11.7.9 PEC register (12C PEC)
Bit Register Reset value Type Description
Bit 31:8 Reserved 0x000000 res Kept at its default value.
Bit 7:0 PECVAL[7:0] 0x00 r PEC value

11.7.10 Receive data register (I2C_RXDT)

Bit Register Reset value Type Description

Bit 31:8 Reserved 0x000000 res Kept at its default value.
Bit 7:0 DT[7:0] 0x00 r Receive data register

11.7.11 Transmit data register (1I2C_TXDT)

Bit Register Reset value Type Description

Bit 31:8 Reserved 0x000000 res Kept at its default value.
Bit 7:0 DT[7:0] 0x00 rw Transmit data register

2023.08.02 Page 173 Rev 2.02



|- ' AT32F423 Series Reference Manual

12 Universal synchronous/asynchronous
receiver/transmitter (USART)
12.1 USART introduction

The universal synchronous/asynchronous receiver/transmitter (USART) serves an interface for
communication by means of various configurations and peripherals with different data formats. It
supports asynchronous full-duplex and half-duplex as well as synchronous transfer. With a
programmable baud rate generator, USART offers up to 9.375 Mbits/s of baud rate by setting the system
frequency and frequency divider, which is also convenient for users to configure the required
communication frequency.

In addition to standard NRZ asynchronous and synchronous receiver/transmitter communication
protocols, USART also supports widely-used serial communication protocols such as LIN (Local
Interconnection Network), IrDA (Infrared Data Association) SIRENDEC specification, Asynchronous
SmartCard protocol defined in ISO7816-3 standard, CTS/RTS (Clear To Send/Request To Send)
hardware flow operation, RS485 and Modbus.

It also allows multi-processor communication, and supports silent mode waken up by idle frames or ID
matching to build up a USART network. Meanwhile, high-speed communication is possible by using
DMA.

It supports dual clock domain. The PCLK is sourced by divided system clock, and the USART_CLK is
clocked by PCLK, HICK or LEXT, which allows USART to work in Deepsleep mode and support low-
power mode wakeup.

Figure 12-1 USART block diagram

USART
USART CLI
A USART REG ~— [ [S/RT DATA — p—onRICK
(PCLK_DOMAIN) (USART_CLK_DOMAT
APB BUS N
TX
ﬂ TX_SHIFT
USART DT [ J l X
4 RX_SHIFT %
USART_CR1 nRTS
USART_CR2
USART_CR3 nCTS
GTP CLKEN CLKPOL CLKPHA
«  dmatx | USART_STS LBCP DIV | USART CK CLK
dma_rx USART_RTOV "| control logic )
USART_IFC Wake up
Interrupt
Interrupt USART BRR »| USART Baud CLK_REQ
— Rate Producer
USART main features:

® Programmable full-duplex or half-duplex communication
— Full-duplex, asynchronous communication

— Half-duplex, single communication
® Programmable communication modes

— NRZ standard format (Mark/Space)
— LIN (Local Interconnection Network)
— IrDASIR

— Asynchronous SmartCard protocol defined in ISO7816-3 standard: Support 0.5 or 1.5 stop bits
in Smartcard mode

2023.08.02 Page 174 Rev 2.02



AT32F423 Series Reference Manual

RS-232 CTS/RTS (Clear To Send/Request To Send) hardware flow operation
RS-485

Multi-processor communication with silent mode (waken up by configuring ID match and bus
idle frame)

Synchronous mode

® Programmable baud rate generator

Shared by transmission and reception, up to 9.375 Mbits/s

® Programmable frame format

Programmable data word length (7 bits, 8 bits or 9 bits)
Programmable stop bits-support 1 or 2 stop bits

Programmable parity control: transmitter with parity bit transmission capability, and receiver
with received data parity check capability

Programmable data transmission order (MSB/LSB)
Programmable Tx/Rx pin polarity
Programmable DT polarity

Programmable DMA multi-processor communication
Programmable separate enable bits for transmitter and receiver
Programmable output CLK phase, polarity and frequency
Detection flags

— Receive buffer full
— Transmit buffer empty

— Transfer complete flag
®  Four error detection flags

Overrun error
Noise error
Framing error
Parity error

® Programmable 13 interrupt sources with flags

CTSF changes

LIN break detection
Transmit data register empty
Transmission complete
Receive data register full
Idle bus detected

Overrun error

Framing error

Noise error

Parity error

Receiver timeout detection
Byte match detection
Low-power mode wakeup

12.2 Full-duplex/half-duplex selector

The full-duplex and half-duplex selector enables USART to perform data exchanges with peripherals in
full-duplex or half-duplex mode, which is achieved by setting the corresponding registers. In two-wire
unidirectional full-duplex mode (by default), TX pin is used for data output, while the RX pin is used for
data input. Since the transmitter and receiver are independent of each other, USART is allowed to
send/receive data at the same time so as to achieve full-duplex communication. When the HALFSEL is
set 1, the single-wire bidirectional half-duplex mode is selected for communication. In this case, the
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LINEN, CLKEN, SCMEN and IRDAEN bits must be set 0. RX pin is inactive, while TX and SW_RX are
interconnected inside the USART. For the USART part, TX pins is used for data output, and SW_RX for
data input. For the peripheral part, bidirectional data transfer is executed through IO mapped by TX pin.

12.3 Mode selector

12.3.1

Introduction

USART mode selector allows USART to work in different operation modes through software
configuration so as to enable data exchanges between USART and peripherals with different
communication protocols. USART supports NRZ standard format (Mark/Space), by default. It also
supports LIN (Local Interconnection Network), IrDA SIR (Serial Infrared), Asynchronous Smartcard
protocol in 1ISO7816-3 standard, RS-232 CTS/RTS (Clear To Send/Request To Send) hardware flow
operation, silent mode and synchronous mode, depending on USART mode selection configuration.

12.3.2

Configuration procedure

Selection of operation mode is done by following the configuration process listed below. In addition, such
configuration method, along with those of receiver and transmitter described in the subsequent sections,
are used to make USART initialization configuration

1.

2.

2023.08.02

LIN mode
Set LINEN=1, CLKEN=0, STOPBN[1:0]=0, SCMEN=0, SLHDEN=0, IRDAEN=0, DBN[1:0]=00.

LIN master has break generation capability, and can transmit 13-bt low-level LIN synchronous break
frame by setting SBF=1. The LIN slave has break detection capability, and can select 11-bit or 10-
bit break detection by setting BFBN=1 or BFBN=0.

Figure 12-2 BFF and FERR detection in LIN mode

CASE1l: BREAK frame occurring after idle frame
|

I I
. I frame0 I Idle frame | I framel
RX pin - > | - >
/00000007 \ BREAK /000000007
| | [ > |
RDBF/ | I I 1frame time }
FERR — /\ ' / !
| | | |
| | | |
BFF | | | / [
1 1 1 |
I I I I
I I I I
CASE2: BREAK frame occurring while a frame is being
received |
RX pin I: frameO . I: framel .
—\.0000000 BREAK /\_000000007
| > |
RDBF/ I 1frame time / }
FERR — !
| |
BFF : / :
I I
I I

Smartcard mode

Set SCMEN=1, LINEN=0, SLHDEN=0, IRDAEN=0, CLKEN=1, DBN[1:0]=01, PEN=1 and
STOPBNJ[1:0]=11.

The polarity, phase and pulse number of the clock can be configured by setting the CLKPOL,
CLKPHA and LBCP bits (Refer to Synchronous mode for details).

The assertion of the TDC flag can be delayed by setting the SCGT][7: 0] bit (Quard time bit). The TDF
bit can be asserted high after the guard time counter reaches the value programmed in the SCGT[7:
0] bit.

The Smartcard is a single-wire half-duplex communication protocol. The SCNACKEN bit is used to
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select whether to send NACK when a parity error occurs. This is to indicate to the Smartcard that
the data has not been correctly received.

Figure 12-3 Smartcard frame format

Without Parity error:

\_bit /Bit 0 XBit 1 XBit 2 XBit 3XBit4 XBit5XBit6 XBit7X_P_/ \

Infrared mode
Set IRDAEN=1, CLKEN=0, STOPBNJ1:0]=0, SCMEN=0 and SLHDEN=0.

The infrared low-power mode can be enabled by setting IRDALP=1. In normal mode, the transmitted
pulse width is specified as 3/16 bit. In infrared low-power mode, the pulse width can be configurable,
and the ISDIV[7:0] bit can be used to achieve the desired low-power frequency.

Figure 12-4 IrDA DATA(3/16) — normal mode

Start I Guard time

\_bit /Bit 0 XBit 1 X Bit 2 X Bit 3 X Bit 4 X Bit 5 XBit6 XBit 7 X_ P/ :

With Parity error: :
Start : Guard time

|

|

Sta
Normal frame i\bitﬂi/l \o /1 \o /1 1 \Q_O/Sttp
o bit
TX pin i/’\i A /\ /—\_i,/—;'\
L 316 | |
Rxpin T T\/T aY;
Modbus

USART only supports basic hardware required by Modbus/RTU and Modbus/ASCII implementation,
which means that the control must be done by software (USART provides EOB (end of block)
detection only).

In Modbus/RTU, the EOB detection is implemented by the programmable timeout recognizing the
receive line idle time being larger than 2 bytes. Users can configure the RTOV register to set the
required timeout value (unit: 1 bit width), and enable timeout detection by setting RTODEN=1. When
the receive line idle time detected by USART receiver is equal to the programmed timeout value, the
USART will set RTODF. An interrupt is generated when RTODIE=1, and the RTODF bit can be
cleared by writing 1 to the RTODCF bit.

In Modbus/ASCII, the EOB detection is implemented by the byte match feature recognizing the
special byte sequence (CR/LF). Write LF ASCII code to the ID[7:0], and set CMDIE=1 to enable byte
match feature. When the data received by USART matches ID[7:0], the USART will set CMDF. An
interrupt is generated when CMDIE=1, and the CMDCEF bit can be cleared by writing 1 to the CMDF
bit.

Hardware flow control mode

Setting the RTSEN and CTSEN bit will enable RTS and CTS flow control, respectively.

RTS flow control: When the USART receiver is ready to receive new data, the RTS becomes
effective (pull down low). When the data is received in the receiver (at the beginning of each stop
bit), the RTS bit is set, indicating the data transmission is to be stopped at the end of the current
frame.

CTS flow control: USART transmitter checks CTS input before transmitting the next frame. If CTS is
effective (thatis, CTS is low), the next data is to be transmitted. If CTS becomes invalid (CTS is high)
during transmission, the data transmission will stop after the completion of the current transmission.
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Figure 12-5 Hardware flow control
RTS flow control:
| | | |
' frameO ' L framel R
l l l l
RTS | /T \ /]
l l l l
CTS flow control:
l l l l
| | | |
CTS ! : / ! \
:: frameO =:: framel =: :: frame2 .
TX pin W :\_DOOOOOOOU_
| | | |

RS485 mode

This mode is enabled by setting RS485EN=1. The enable signal is output on the RTS pin. The DEP
bit is used to select the polarity of the DE signal. The TSDTI[4: 0] bit is used to define the latency
before the transmission of the start bit on the transmitter side, while the TCDT[4: 0] is used to define
the latency before the TC flag is set following the stop bit at the end of the last data.

Silent mode

This mode is enabled by setting RM=1. When the WUM bit is set 1 or 0, it wakes up from silent mode
through ID match and idle bus, respectively. The ID[7: 0] is configurable. Select ID[7: 0] or ID[3: 0]
by setting the IDBN bit. When ID match is selected, if the MSB of data bit is set, it indicates that the
current data stands for ID.

When parity check is disabled, if DBN[1:0]=10, the MSB refers to the USART_DT][6]; if DBN[1:0]=00,
MSB refers to the USART_DT[7]; if DBN[1:0]=01, MSB refers to the USART_DTI8].

When parity check is enabled, if DBN[1:0]=10, the MSB refers to the USART_DT]I5]; if DBN[1:0]=00,
MSB refers to the USART_DTI[6]; if DBN[1:0]=01, MSB refers to the USART_DTJ[7].

When the ID[3: 0] bit is selected, the four LSB bits indicate the ID value; When the ID[7: 0] bit is
selected, all of the LSB bits indicates the ID value, except for the above parity check bits and MSB
bits.

Figure 12-6 Mute mode using Idle line or Address mark detection

Idle line detection(WUM = 0): frame2 3 4
| | Iyl | |
I frame0 I framel I I frameb I
RX pin
. | | | ldle |
| | [ | |
roBF _| n N n
| | [ | |
RM __, ./~ Mute model |\, Normal mode |
I I I I I I
Address mark detection(WUM = 1): f?mel 234
| | | Iyl | |
I I ADDR=0 I frameQ .1 I ADDR=1 I ...
| | | [ | |
RM__! /| Mutemode | T ! \Normal mode
| | | [ | Matching f |
Address
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8. Synchronous mode

Setting the CLKEN bit enables synchronous mode and clock pin output. Select CK pin high or low
in idle state by setting the CLKPOL bit (1 or 0). Whether to sample data on the second or first edge
of the clock depends on the CLKPHA bit (1 or 0). The LBCP bit (1 or 0) is used to select whether to
output clock on the last data bit, and the ISDIV[4: 0] is used to select the required clock output
frequency

Figure 12-7 8-bit format USART synchronous mode
CK pin | | | | | | | | |

| | | | | | |
(CLKPOL=0

CLKPHA=0) I I I I I I I I I
I I I I I I I I I
I

(CLKPOL=1 I / k / I / I\ / I\ / I / I, / I, / I
CLKPHA=0) I I I I I I I I I
CK pin | | | | | I I I I

= |
e A S I S A S A R e S A

CLKPHA=1) | | | | | | | | |
CK pin | | | | | | | | |

(CLKPOL=1 \I \_I| \_I \—I \—'I — I

CLKPHA=1) [ | | | | | | | [
Start | I
I

TX pin bit /Bit 0 XBifL B|2 B|3 Bh4 BiL5 Bhs Bh? Stop |

Start I ' bit |

RX pin bit B|O B|1 B|2 B|3 B|4 B|5 B|6 Bif 7 Stopl
' bit !

12.4 USART frame format and configuration

USART data frame consists of start bit, data bit and stop bit, with the last data bit being as a parity bit.
USART idle frame size is equal to that of the data frame under current configuration, but all bits are 1.
USART break frame size is the current data frame size plus its stop bit. All bits before the stop bit are 0.

In non-LIN mode, a break frame transmission and detection must be in line with this rule. For instance,
if DBN[1:0]=00, the break frame size for transmission and detection should be 10-bit low level plus its
stop bit. In LIN mode, refer to Mode selector and configuration process for more details. The DBN1 and
DBNO bits are used to program 7-bit (DBN[1:0]=10), 8-bit (DBN[1:0]=00) or 9-bit (DBN[1:0]=01) data bits.
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Figure 12-8 Word length configuration
9-bit word length (DBN1, DBNO = 01):

| |
Clocki Y\ /N /N /N /7 \ /7 \ /\ /\ J/;*\‘ I
|

' PEN=1, | Next
! Start Data frame Parity bit ! Start Next Data frame
\_bit /Bit 0 X Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit 5 X Bit 6 X Bit 7 X Bit 8 /Stop)\_bit_/
it |
: bit | Start
—V Idle frame Il\ bit /

8-bit word length (DBN1, DBNO = 00):

| |
Clockl WA AW A WA WAWAW O
I

|

|

I PEN=1, Next
Data f L
! Start ata frame Parity bit Start Next Data frame
\_bit /Bit 0 X Bit 1 XBit 2 X Bit 3 X Bit 4 X Bit 5 X Bit 6 X Bit 7 /Stop)\__bit /
I it |
I bit | Start
_V Idle frame :\L
I I
7-bit word length (DBN1, DBNO = 10):
I I
Clocki S\ ./ S S S L/ = [
T
| PEN=1, | Next
| Start Data frame Parity bit | Start Next Data frame
I\ bit / Bit 0 X Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit 5 X Bit6/St0p|\ bit /
I bit |
I | Start
—V Idle frame :\L

| |
The STOPBN bit is used to program one-bit (STOPBN=00), 0.5-bit (STOPBN=01), two-bit (STOPBN=10)
and 1.5-bit (STOPBN=11) stop bits.

Set the PEN bit will enable parity control. PSEL=1 indicates Odd parity, while PSEL=0 for Even parity.

Once the parity control is enabled, the MSB of the data bit will be replaced with parity bit, that is, the

significant bits is reduced by one bit.
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Figure 12-9 Stop bit configuration

|
Clockl  /\ /A
1 v} \

I -—

STOPBN = OOI Data frame PEN - ]." Next

1 Stop bit ! Start Parity bit Start

I’\ bit / Bit0 X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 / 4 \_bit /
: 1 Stop bit
I
|
|

¥ Stop bit, Start Parity bit  Start
|\ bit / Bit0 X Bit 1 X Bit 2 X Bit 3 X Bit4 X Bit5 X Bit6 X Bit7/*\ bit /

|
: % Stop bit
|
|
I —
STOPBN =10 | Data frame PEN =1, Next
2 Stop bit | Start Parity bit Start
| bit / Bit0 X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 / A \_bit_/
: 2 Stop bit
|
|
|
STOPBN =11 | Data frame PEN =1, Next
1% Stop bit | Start Parity bit Start
N_bit / Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 / 4 \_bit /

|
1% Stop bit

Set the MTF bit to determine whether MSB (MTF=1) first or LSB (MTF=0) first.

Set USART_DT as 1=L,0=H (DTREV=1) or 0=L,1=H (DTREV=0) for transmission and reception by
setting the DTREV bit.

Set the TXREYV bit to select VDD=0/mark,Gnd=1/idle (TXREV=1) or VDD=1/idle,Gnd=0/mark (TXREV=0)
for signal transmission on USART_TX pin.

Set the RXREV bit to select VDD=0/mark,Gnd=1/idle (RXREV=1) or VDD=1/idle,Gnd=0/mark
(RXREV=0) for signal transmission on USART_RX pin.

12.5 DMA transfer introduction

Enable transmit data buffer and receive data buffer using DMA to achieve continuous high-speed
transmission for USART, which is detailed in subsequent sections. For more information on specific DMA
configuration, refer to DMA chapter

12.5.1 Transmission using DMA

1. Select a DMA channel: Select a DMA channel from DMA channel map table described in DMA
chapter.

2. Configure the destination of DMA transfer: Configure the USART_DT register address as the
destination address bit of DMA transfer in the DMA control register. Data will be sent to this address
after transmit request is received by DMA.

3. Configure the source of DMA transfer: Configure the memory address as the source of DMA transfer
in the DMA control register. Data will be loaded into the USART_DT register from the memory
address after transmit request is received by DMA.

Configure the total number of bytes to be transferred in the DMA control register.
Configure the channel priority of DMA transfer in the DMA control register.

Configure DMA interrupt generation after half or full transfer in the DMA control register.
Enable DMA transfer channel in the DMA control register.

No ok
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12.5.2 Reception using DMA
1.

Select a DMA transfer channel: Select a DMA channel from DMA channel map table described in
DMA chapter.

2. Configure the destination of DMA transfer: Configure the memory address as the destination of DMA
transfer in the DMA control register. Data will be loaded from the USART_DT register to the
programmed destination after reception request is received by DMA

3. Configure the source of DMA transfer: Configure the USART_DT register address as the source of

DMA transfer in the DMA control register. Data will be loaded from the USART_DT register to the

programmed destination after reception request is received by DMA.

Configure the total number of bytes to be transferred in the DMA control register.

Configure the channel priority of DMA transfer in the DMA control register.

Configure DMA interrupt generation after half or full transfer in the DMA control register.

Enable a DMA transfer channel in the DMA control register.

12.6 Baud rate generation

No ok

12.6.1 Introduction

USART baud rate generator uses an internal counter based on PCLK. The DIV (USART_BAUDR [15:0]
register) represents the overflow value of the counter. Each time the counter is full, it denotes one-bit
data. Thus each data bit width refers to PCLK cycles x DIV. The receiver and transmitter of USART share
the same baud rate generator, and the receiver splits each data bit into 16 equal parts to achieve
oversampling, so the data bit width should not be less than 16 PCLK periods, that is, the DIV value must
be greater than or equal to 16.

12.6.2 Configuration

User can program the desired baud rate by setting different system clocks and writing different values
into the USART_BAUDR register. The calculation format is as follows:

TX fex
RX baud rate = DIV

Where, f.x refers to the system clock of USART (PCLK1 for USART2, 3 and USART4, 5, 7, 8, and
PCLK2 for USART1, 6).

Note: 1. Write access to the USART_BAUDR register before UEN. The baud rate register value
should not be altered when UEN=1

2. When USART receiver or transmitter is disabled, the internal counter will be reset, and
baud rate interrupt will occur.

Table 12-1 Error calculation for programmed baud rate

Baud rate fPCLK=36 MHz fPCLK=72 MHz

No. Kbps | Actual X:Lu derggi)g;:rmmed in the Error % | Actual ?)/:qu derggi)gtrsrmmed in the Error %
1 2.4 2.4 15000 0% 2.4 30000 0%

2 9.6 9.6 3750 0% 9.6 7500 0%

3 19.2 19.2 1875 0% 19.2 3750 0%

4 57.6 57.6 625 0% 57.6 1250 0%

5 115.2 | 115.384 312 0.15% 115.2 625 0%

6 230.4 | 230.769 156 0.16% 230.769 312 0.16%
7 460.8 | 461.538 78 0.16% 461.538 156 0.16%
8 921.6 | 923.076 39 0.16% 923.076 78 0.16%
9 2250 2250 16 0% 2250 32 0%
10 4500 i NA NA NA 4500 16 0%

If the baud rate is 115.2 Kbps, when fPCLK=36MHz, the baud register should be set as 312(0x138), and
the calculated result is 36000000 / 312 = 115384 = 115.384Kbps.

Error: (actual value — theoretical value) / theoretical value * 100%:(115.384 - 115.2) / 115.2 * 100% =
0.15%.
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12.7 Transmitter

12.7.1  Transmitter introduction

Note:

USART transmitter has its individual TEN control bit. The transmitter and receiver share the same baud
rate that is programmable. There is a transmit data buffer (TDR) and a transmit shift register in the
USART. The TDBE bit is set whenever the TDR is empty, and an interrupt is generated if the TDBEIEN
is set. The data written by software is stored in the TDR register. When the shift register is empty, the
data will be moved from the TDR register to the shift register so that the data in the transmit shift register
is output on the TX pin in LSB mode. The output format depends on the programmed frame format. If
synchronous transfer or clock output is selected, the clock pulse is output on the CK pin. If the hardware
flow control is selected, the control signal is input on the CTS pin.

1. The TEN bit cannot be reset during data transfer, or the data on the TX pin will be corrupted.
2. After the TEN bit is enabled, the USART will automatically send an idle frame.

12.7.2  Transmitter configuration

1. USART enable: Set the UEN bit.

2. Full-duplex/half-duplex configuration: Refer to full-duplex/half-duplex selector for more information
(Section 12.2).

3. Mode configuration: Refer to mode selector for more information (Section 12.3).

4. Frame format configuration: Refer to frame format for more information (Section 12.4).

5. Interrupt configuration: Refer to interrupt generation for more information (Section 12.11).

6. DMA transmission configuration: If the DMA mode is selected, the DMATEN bit (bit 7 in the
USART_CTRL3register) is set, and configure DMA register accordingly.

7. Baud rate configuration: Refer to baud rate generation for details (Section 12.6).

8. Transmitter enable: When the TEN bit is set, the USART transmitter will send an idle frame.

9. Write operation: Wait until the TDBE bit is set, the data to be transferred will be loaded into the
USART_DT register (This operation will clear the TDBE bit). Repeat this step in non-DMA mode.

10. After the last data expected to be transferred is written, wait until the TDC is set, indicating the end
of transfer. The USART cannot be disabled before the flag is set, or transfer error will occur.

11. When TDC=1, read access to the USART_STS register and write access to the USART_DT register
will clear the TDC bit; This bit can also be cleared by writing “0”, but this is valid only in DMA mode.

Figure 12-10 Variations when transmitting TDC/TDBE

[ [ [ [
| | | |
TEN /| | : |
| Set by hardwareI Set by hardwareI Set by hardwareI
[ [ [ [
TDBE |
[ [ [ [
| | | |
USART_DT __X DATAQ . A DATAL . X _DATA2 :
[ [ [ [
. | Idle frame I frame0 I framel I frame2
TX pin
[ | |
: : : : Set by hardware
TDC | ! ! ! \\\\H7L
1 1 1 1
[ [ [ [
Cleared by software
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12.8 Receiver

12.8.1 Receiver introduction

USART receiver has its individual REN control bit (bit 2 in the USART_CTRL1 register). The transmitter
and receiver share the same baud rate that is programmable. There is a receive data buffer (RDR) and
a receive shift register in the USART. The data is input on the RX pin of the USART. When a valid start
bit is detected, the receiver ports the data received into the receive shift register in LSB mode. After a
full data frame is received, based on the programmed frame format, it will be moved from the receive
shift register to the receive data buffer, and the RDBF is set accordingly. An interrupt is generated if the
RDBFIEN is set. If hardware flow control is selected, the control signal is output on the RTS pin. During
data reception, the USART receiver will detect whether there are errors to occur, including framing error,
overrun error, parity check error or noise error, depending on software configuration, and whether there
are interrupts to generate using the interrupt enable bits.

12.8.2 Receiver configuration

Configuration procedure:

1. USART enable: UEN bit is set.

2. Full-duplex/half-duplex configuration: Refer to full-duplex/half-duplex selector for more information
(Section 12.2).

3. Mode configuration: Refer to mode selector for more information (Section 12.3).

4. Frame format configuration: Refer to frame format for more information (Section 12.4).

5. Interrupt configuration: Refer to interrupt generation for more information (Section 12.11).

6. Reception using DMA: If the DMA mode is selected, the DMAREN bit is set, and configure DMA
register accordingly.

7. Baud rate configuration: Refer to baud rate generation for details (Section 12.6).

8. Receiver enable: REN bit is set

Character reception:

® The RDBF bit is set. It indicates that the content of the shift register is transferred to the RDR

(Receiver Data Register). In other words, data is received and can be read (including its associated

error flags)

An interrupt is generated when the RDBFIEN is set.

The error flag is set when a framing error, noise error or overrun error is detected during reception.

In DMA mode, the RDNE bit is set after every byte is received, and it is cleared when the data

register is read by DMA.

® In non-DMA mode, the RDBF bit is cleared when read access to the USART_DT register by
software. The RDBF flag can also be cleared by writing 0 to it. The RDBF bit must be cleared
before the end of next frame reception to avoid overrun error.

Break frame reception:

® Non-LIN mode: It is handled as a framing error, and the FERR is set. An interrupt is generated if
the corresponding interrupt bit is enabled. Refer to framing error described below for details.

® LIN mode: It is handled as a break frame, and the BFF bit is set. An interrupt is generated if the
BFIEN is set.

® USART receiver: It is handled as a data frame, and the IDLEF bit is set. An interrupt is generated
if the IDLEIEN is set.

Idle frame reception:
® USART receiver processes this idle frame as a data frame, and the IDLEF bit is set (an interrupt
is generated if the IDLEIEN bit is set)

When a framing error occurs:

® The FERR bit is set.

® The USART receiver moves the invalid data from the receive shift register to the receive data buffer.

® In non-DMA mode, both FERR and RDBF are set at the same time. The latter will generate an
interrupt. In DMA mode, an interrupt is generated if the ERRIEN is set.

When an overrun error occurs:

® The ROERR bitis set.

® The data in the receive data buffer is not lost. The previous data is still available when the
USART _DT register is read.
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The content in the receive shift register is overwritten. Afterwards, any data received will be lost.
An interrupt is generated if the RDBFIEN is set or both ERRIEN and DMAREN are set.

The ROERR bit is cleared by reading the USART_STS register and then USART_DT register in
order

Note: If ROERR is set, it indicates that at least one piece of data is lost, with two possibilities:

e |f RDBF=1, it indicates that the last valid data is still stored in the receive data buffer,

and can be read.

e If RDBF=0, it indicates that the last valid data in the receive data buffer has already

been read.

Note: The REN bit cannot be reset during data reception, or the byte that is currently being
received will be lost.

12.8.3 Start bit and noise detection

A start bit detection occurs when the REN bit is set. With the oversampling techniques, the USART
receiver samples data on the 3rd, 5th, 7th, 8th, 9th and 10th bits to detect the valid start bit and noise.

The table below shows the data sampling over start bit and noise detection.
Table 12-2 Data sampling over start bit and noise detection

Sampled value (3:5-7) Sampled value (8-9:10) NERR bit Start bit validity
000 000 0 Valid
001/010/100 001/010/100 1 Valid
001/010/100 000 1 Valid
000 001/010/100 1 Valid
111/110/101/011 Any value 0 Valid
Any value 111/110/101/011 0 Valid

Note: If the sampling values on the 3rd, 5th, 7th, 8th, 9th, and 10th bits do not match the above
mentioned requirements, the USART receiver does not think that a correct start bit is
received, and thus it will abort the start bit detection and return to idle state waiting for a
falling edge.

The USART receiver has the ability to detect noise. In the non-synchronous mode, the USART receiver
samples data on the 7th, 8th and 9th bits, with its oversampling techniques, to distinguish valid data
input from noise based on different sampling values, and recover data as well as set NERR (Noise Error
Flag) bit.

Table 12-3 Data sampling over valid data and noise detection

Sampled value NERR bit Received bit value Data validity
000 0 0 Valid

001 1 0 Invalid

010 1 0 Invalid

011 1 1 Invalid

100 1 0 Invalid

101 1 1 Invalid

110 1 1 Invalid

111 0 1 Valid

USART is able to receive data under the maximum allowable deviation condition. Its value depends on
the DBN bit of the USART_CTRL1 register and the DIV[3: 0] of the USART_BAUDR register.

Note: The maximum allowable deviations stated in the table below are calculated based on 115.2Kbps.
The actual deviations may vary with the settings of buad rate. In other words, the greater the buad rate
is, the smaller the maximum allowable deviation; in contrast, when the baud rate gets smaller, the
maximum allowable deviation will get bigger.

Table 12-4 Maximum allowable deviation

DBN[1:0] DIV[3:0] = 0 DIV[3:0] =0
00 3.75% 3.33%
01 3.41% 3.03%
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10 4.16% 3.7%

When noise is detected in a data frame:

® The NERR bit is set at the same time as the RDBF bit

® The invalid data is transferred from the receive shift register to the receive data buffer.

® No interrupt is generated in non-DMA mode. However, since the NERR bit is set at the same time
as the RDBF bit, the RDBF bit will generate an interrupt. In DMA mode, an interrupt will be issued
if the ERRIEN is set.

The NERR bit is cleared by read access to USART_STS register followed by the USART_DT read
operation.

Figure 12-11 Data sampling for noise detection

[ | | | | | olne blit timle | | | | | ™
RXpin__/" 1 1 1 1 1 1 1 1111
oL
a7 T A A A A O R
0 1 2 3 4 5 6 \wlo 11 12 13 14 15
Sample bits

12.9 Low-power wakeup

USART supports low-power wakeup. Before entering DEEPSLEEP mode, the software should
guarantee that the USART_CLK is clocked by HICK and LEXT, confirm no transmission by checking the
OCCUPY bit, verify the completion of USART receiver initialization by checking the RXON bit, and finally
set SMUSEN=1 to enable USART in DEEPSLEEP mode.

After entering the DEEPSLEEP mode, the USART_CLK is disabled, and USART detects the falling edge
on the receiver line. Once a falling edge is detected, USART will request MCU to enable USART_CLK
(in enabled state until the USART returns to Idle state). If a wakeup source is detected in this process,
USART will generate an interrupt to wake up MCU; if no wakeup source is detected, USART will request
MCU to disable USART_CLK and wait for the next falling edge).

USART supports three wakeup modes depending on the LPWUM[1:0], i.e., ID match (LPWUM=00),
start bit (LPWUM=10) and RDBF flag (LPWUM=11). If the programmed wakeup source is detected in
DEEPSLEEP mode, the LPWUF bit is set. Setting the LPWUFIE bit generates an interrupt. It should be
noted that this interrupt is only valid in DEEPSLEEP mode. In addition,, if the RDBF flag is selected for
wakeup, setting RDBFIE can enable an interrupt.

The system clock is disabled after entering the DEEPSLEEP; therefore, the software needs to configure
the wakeup mode and set the corresponding interrupt enable bits in advance.

When USART in silent mode enters DEEPSLEEP mode:

1. Do not use idle bus for silent mode wakeup.

2. If the ID match is selected for silent mode wakeup, the MCU low-power mode wakeup mode should
be ID match mode. If the RDBF bit is set before entering DEEPSLEEP mode, for the ID match mode,
even if MCU exits DEEPSLEEP mode, the USART is still in silent mode.

3. |If the Start bit is selected to wake up MCU to exit DEEPSLEEP mode, the LPWUF bit is set, while
the RDBF bit is not.

Note: For USART to wake up Deepsleep mode, it is necessary to clear USART flag bits and EXINT’s

pending flag by software.

When using USART to wake up Deepsleep mode, it is recommended to configure rising edge trigger for

EXINT, because if rising edge and falling edge (both edges) are configured for EXINT, it is necessary to

clear EXINT pending flag individually.

12.10 Tx/Rx swap

When the TRPSWAP bit (USART_CTRL2[15]) is set, Tx/Rx pin can be swapped. Two common scenes
are listed below:

e |If the Tx/Rx were reversed while the user attempts to connect the device externally to a RS-
232 chip, they can be swapped through the TRPSWAP bit, without the need of hardware
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intervention.

e If the user only connected the master Tx to the slave Rx in full-duplex mode, the Tx/Rx can be
interchangeable with the TRPSWAP bit , after the master and slave are swapped, without the
need of hardware intervention.

Figure 12-12 Tx/Rx swap

USART TX TX USART_TX TX

USART USART _RX RX USART

TRPSWAP=0
MCU MCU

USART_RX RX

TRPSWAP=1

Note: The SWAP (USART_CTRL2[15]) can be modified only when the USART is disabled
(UEN=0)

12.11 Interrupt requests

USART interrupt generator serves as a control center of USART interrupts. It is used to monitor the
interrupt source inside the USART in real time and the generation of interrupts according to the
programmed interrupt control bits. The table below shows the USART interrupt source and interrupt
enable control bit. An interrupt will be generated over an event when the corresponding interrupt enable
bit is set.

Table 12-5 USART interrupt requests

Interrupt event Event flag Enable bit
Transmit data register empty TDBE TDBEIEN
CTS flag CTSCF CTSCFIEN
Transmit complete TDC TDCIEN
Receive data buffer full RDBF
Receive overflow error ROERR RDBFIEN
Idle flag IDLEF IDLEIEN
Parity error PERR PERRIEN
Break frame flag BFF BFIEN
Noise error, overflow error or framing error NERR or ROERR or FERR ERRIEN (1)
Figure 12-13 USART interrupt map diagram
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12.12 1/O pin control

The following five interfaces are used for USART communication.
RX: Serial data input.

TX: Serial data output. In single-wire half-duplex and Smartcard mode, the TX pin is used as an 1/O for
data transmission and reception.

CK: Transmitter clock output. The output CLK phase, polarity and frequency can be programmable.
CTS: Transmitter input. Send enable signal in hardware flow control mode.
RTS: Receiver output. Send request signal in hardware flow control mode.

12.13 USART registers

Table 12-6 USART register map and reset value

Register Offset Reset value
USART_STS 0x00 0x00CO0
USART_DT 0x04 0x0000
USART_BAUDR 0x08 0x0000
USART_CTRL1 0x0C 0x0000
USART_CTRL2 0x10 0x0000
USART_CTRL3 0x14 0x0000
USART_GDIV 0x18 0x0000
USART_RTOV 0x1C 0x0000
USART_IFC 0x20 0x0000
12.13.1 Status register (USART STS)
Bit Register Reset value Type Description
Bit 31:23
Bit 19:18
Bit 15:12 Reserved 0x000000 resd Forced 0 by hardware.
Bit 10
Bit 22 RXON 0 Receiver enable flag
0: Disabled
1: Enabled
Note: USART4 to USARTS do not support this bit (0 by
default)
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Bit 21 TXON 0 Transmitter enable flag
0: Disabled
1: Enabled
Note: USART4 to USARTS8 do not support this bit (O by
default)
Bit 20 LPWUF 0 r Low-power mode wakeup flag
When a wakeup event is detected, this bit is set. It is
cleared by software.
0: No wakeup event detected
1: Wakeup event detected
Note: USART4 to USARTS do not support this bit (O by
default)
Bit 17 CMDF 0 r Byte match detection flag
This bit is set by hardware when the byte defined by
ID[7:0] is received. It is cleared by software.
0: No byte received
1: Byte received
Bit 16 OCCUPY 0 Receiver occupied flag
0: Not occupied
1: Occupied
Note: USART4 to USARTS do not support this bit (0 by
default)
Bit 11 RTODF 0 r Receiver timeout detection flag
This bit is set by hardware when the timeout value
reaches the programmed value in RTOV register and
without any communication. It is cleared by software.
0: No timeout detected
1: Timeout detected
CTS change flag
This bit is set by hardware when the CTS status line
Bit 9 CTSCF 0x0 rwOc changes. It is cleared by software.
0: No change on the CTS status line
1: A change occurs on the CTS status line
Break frame flag
This bit is set by hardware when a break frame is
Bit 8 BFF 0x0 rwOc detected. It is cleared by software.
0: Break frame is not detected.
1: Break frame is detected.
Transmit data buffer empty
This bit is set by hardware when the transmit data buffer
is empty. It is cleared by a USART_DT register write
operation.
0: Data is not transferred to the shift register.
1: Data is transferred to the shift register.
Transmit data complete
This bit is set by hardware at the end of transmission. It is
cleared by software. (Option 1: read access to
Bit 6 TDC 0x1 rwOc USART_STS register followed by a USART_DT write
operation; Option 2: Write “0” to this bit )
0: Transmission is not completed.
1: Transmission is completed.
Receive data buffer full
This bit is set by hardware when the data is transferred
from the shift register to the USART_DT register. It is
Bit 5 RDBF 0x0 rwOc cleared by software. (Option 1: read USART_DT register;
Option 2: write “0” to this bit)
0: Data is not received.
1: Data is received.
Idle flag
This bit is set by hardware when an idle line is detected. It
is cleared by software. (Read USART_DT register

Bit 7 TDBE 0x1 ro

Bit 4 IDLEF 0x0 ro followed by a USART_DT read operation)
0: No idle line is detected.
1: Idle line is detected
Receiver overflow error
. This bit is set by hardware when the data is received
Bit 3 ROERR 0x0 ro while the RDNE is still set. It is cleared by software.
(Read USART _STS register followed by a USART DT
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read operation)
0: No overflow error
1: Overflow error is detected.
Note: When this bit is set, the DT register content will not
be lost, but the subsequent data will be overwritten.
Noise error
This bit is set by hardware when noise is detect on a
received frame. It is cleared by software. (Read
Bit 2 NERR 0x0 ro USART_STS register followed by a USART_DT read
operation)
0: No noise is detected
1: Noise is detected
Framing error
This bit is set by hardware when a stop bit error (low),
excessive noise or break frame is detected. It is cleared
Bit 1 FERR 0x0 ro by software. USART_STS register followed by a
USART_DT read operation)
0: No framing error is detected
1: Framing error is detected
Parity error
This bit is set by hardware when parity error occurs. It is
cleared by software. USART_STS register followed by a
USART_DT read operation)
0: No parity error occurs
1: Parity error occurs

Bit 0 PERR 0x0 ro

12.13.2 Data register (USART DT)

Bit Register Reset value Type Description
Bit 31:9 Reserved 0x000000 resd Forced to 0 by hardware.
Data value

This register provides read and write function. When
transmitting with the parity bit enabled, the value written
in the MSB bit will be replaced by the parity bit. When
receiving with the parity bit enabled, the value in the MSB
bit is the received parity bit.

12.13.3 Baud rate register (USART_BAUDR)

Note: If the TE or RE is disabled respectively, the baud counter stops counting.

Bit 8:0 DT 0x000 rw

Bit Register Reset value Type Description
Bit 31:16  Reserved 0x0000 resd Forced to 0 by hardware.
Bit150 DIV 0x0000 Divider

This field defines the USART divider.

12.13.4 Control register 1 (USART_CTRL1)

Bit Register Reset value Type Description
Bit 31:29 Reserved 0x00000 resd Forced to 0 by hardware.
Data bit num

This bit, along with the DBNO bit, is used to program the
number of data bits.
Bit 28 DBN1 0x0 w 10: 7 data bits
00: 8 data bits
01: 9 data bits
11: Write operation forbidden.
Receiver time out detection enable

Bit 27 RTODEN 0 rw 0: Disabled

1: Enabled

Receiver time out detection interrupt enable
Bit 26 RETODIE 0 rw 0: Disabled

1: Enabled

Transmit start delay time
In RS485 mode, the first data (in sequential transmit
mode) is transmitted after a period of time of being written

Bit 25:21 TSDT 0x00 w so as to ensure that the transfer direction of the external
transmitter/receiver to switch back to transmit. This time
depends on the TSDT value, in unit of 1/16 baud rate.

Bit 20:16 TCDT 0x00 rw Transmit complete delay time
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In RS485 mode, a period of time (delay) is needed before
the last data transfer is complete even if the last STOP bit
has been transferred. This time duration allows the
transfer direction of the external receiver/transmitter to
switch back to receive. This time depends on the TCDT
value, in unit of 1/16 baud rate.
Bit 15 Reserved 0 resd Kept at its default value.
Character match detection interrupt enable
Bit 14 CMDIE 0 rw 0: Disabled
1: Enabled
USART enable
Bit 13 UEN 0x0 rw 0: Disabled
1: Enabled
Data bit num
This bit, along with DBN1, is used to program the number
of data bits
Bit 12 DBNO 0x0 rw 10: 7 data bits
00: 8 data bits
01: 9 data bits
11: Write operation forbidden.
Wakeup mode
This bit determines the way to wake up silent mode.
0: Waken up by idle line
1: Waken up by ID match
Parity enable
This bit is used to enable hardware parity control
(generation of parity bit for transmission; detection of
parity bit for reception). When this bit is enabled, the MSB
Bit 10 PEN 0x0 w bit of the transmitted data is replaced with the parity bit;
Check whether the parity bit of the received data is
correct.
0: Parity control is disabled
1: Parity control is enabled
Parity selection
This bit selects the odd or even parity after the parity
Bit 9 PSEL 0x0 rw control is enabled.
0: Even parity
1: Odd parity
PERR interrupt enable
Bit 8 PERRIEN 0x0 rw 0: Interrupt is disabled.
1: Interrupt is enabled.
TDBE interrupt enable
Bit 7 TDBEIEN 0x0 w 0: Interrupt is disabled.
1: Interrupt is enabled.
TDC interrupt enable
Bit 6 TDCIEN 0x0 rw 0: Interrupt is disabled.
1: Interrupt is enabled.
RDBF interrupt enable
Bit 5 RDBFIEN 0x0 rw 0: Interrupt is disabled.
1: Interrupt is enabled.
IDLE interrupt enable
Bit 4 IDLEIEN 0x0 rw 0: Interrupt is disabled.
1: Interrupt is enabled.
Transmitter enable
This bit enables the transmitter.

Bit 11 WUM 0x0 rw

Bit 3 TEN 0x0 w 0: Transmitter is disabled
1: Transmitter is enabled
Receiver enable

Bit 2 REN 0x0 w This bit enables the receiver.

0: Receiver is disabled.

1: Receiver is enabled.

Receiver mute

This bit determines if the receiver is in mute mode or not.
It is set or cleared by software. When the idle line is used
Bit 1 RM 0x0 rw to wake up from mute mode, this bit is cleared by
hardware after wake up. When the address match is used
to wake up from mute mode, it is cleared by hardware
after wake up. When address mismatches, this bit is set
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by hardware to enter mute mode again.

0: Receiver is in active mode

1: Receiver is in mute mode

Send break frame

This bit is used to send a break frame. It can be set or

cleared by software. Generally speaking, it is set by
Bit 0 SBF 0x0 rw software and cleared by hardware at the end of break

frame transmission.

0: No break frame is transmitted.

1: Break frame is transmitted.
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12.13.5 Control register 2 (USART CTRL2)

Bit Register Reset value Type Description
USART identification

Bit 31:28 IDH 0x0 rw This field holds the upper four bits of USART ID. It is
configurable

Bit 27:20 Reserved 0x000 resd Kept at its default value.

MSB transmit first
This bit is used to select MSB transmit first or LSB
Bit 19 MTF 0 rw transmit first.
0: LSB first
1: MSB first
DT register polarity reverse
Bit 18 DTREV 0 rw 0: 1=H, 0=L
1:1=L, 0=H
TX polarity reverse
Bit 17 TXREV 0 rw 0: VDD=1/idle,Gnd=0/mark
1: VDD=0/mark,Gnd=1/idle
RX polarity reverse
Bit 16 RXREV 0 rw 0: VDD=1/idle,Gnd=0/mark
1: VDD=0/mark,Gnd=1/idle
Transmit/receive pin swap
Bit 15 TRPSWAP 0x0 rw 0: Transmit/receive pin is not swappable
1: Transmit/receive pin is swappable
LIN mode enable

Bit 14 LINEN 0x0 w 0: LIN mode is disabled.

1: LIN mode is enabled

STOP bit num

These bits are used to program the number of stop bits.
Bit13:12 STOPBN 0x0 w 00: 1 stop bit

01: 0.5 stop bit

10: 2 stop bits

11: 1.5 stop bits

Clock enable

This bit is used to enable the clock pin for synchronous
Bit 11 CLKEN 0x0 rw mode or Smartcard mode.
0: Clock is disabled.
1: Clock is enabled.
Clock polarity
In synchronous mode or Smartcard mode, this bit is used
to select the polarity of the clock output on the clock pin in
idle state.
0: Clock output low
1: Clock output high
Clock phase
This bit is used to select the phase of the clock output on
Bit 9 CLKPHA 0x0 rw the clock pin in synchronous mode or Smartcard mode.
0: Data capture is done on the first clock edge.
1: Data capture is done on the second clock edge.
Last bit clock pulse
This bit is used to select whether the clock pulse of the
last data bit transmitted is output on the clock pin in
synchronous mode.
0: The clock pulse of the last data bit is no output on the
clock pin.
1: The clock pulse of the last data bit is output on the
clock pin.
Bit 7 Reserved 0x0 resd Kept at its default value.

Break frame interrupt enable
Bit 6 BFIEN 0x0 rw 0: Disabled

1: Enabled

Break frame bit num

This bit is used to select 11-bit or 10-bit break frame.

0: 10-bit break frame

1: 11-bit break frame

Identification bit num
Bit 4 IDBN 0 rw This bit is used to select ID bit number.

0: 4 bit

Bit 10 CLKPOL 0x0 rw

Bit 8 LBCP 0x0 rw

Bit 5 BFBN 0x0 rw
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1: Data bit - 1 bit
Note: When this bit is set, in 7, 8 or 9-bit data mode, the
ID bit number is the lower 6, 7 or 8 bit, respectively.
USART identification

Bit 3:0 IDL 0x0 w This field holds the lower four bits of USART ID. ltis
configurable.

Note: These three bits (CLKPOL, CLKPHA and LBCP) should not be changed while the
transmission is enabled.

12.13.6 Control register 3 (USART CTRL3)

Bit Register Reset value Type Description

Bit 31:18
Bit 12

Reserved 0x000000 resd Forced to 0 by hardware.

Low power wakeup method
00: ID match
01: Reserved
Bit 17:16 LPWUM 0x0 rw 10: Start bit
11: RDBF
Note: USART4 to USARTS8 do not support this bit (0 by
default)
DE polarity selection
Bit 15 DEP 0 rw 0: High level active
1: Low level active
RS485 enable
This bit is used to enable RS485 mode. In RS485 mode,
the USART controls the transfer direction of the external
receiver/transmitter through the DE signal.

Bit 14 RS485EN 0 w 0: RS485 mode disabled. The control signal DE output is
disabled. RTS pin is used in RS232 mode.
1: RS485 mode enabled. The control signal DE outputs
on the RTS pin
Low power wakeup flag interrupt enable
0: Disabled
Bit 13 LPWUFIE 0 rw 1: Enabled
Note: USART4 to USARTS8 do not support this bit (O by
default)
Deepsleep mode USART enable
0: Disabled
Bit 11 SMUSEN 0 rw 1: Enabled
Note: USART4 to USARTS8 do not support this bit (0 by
default)
CTSCEF interrupt enable
Bit 10 CTSCFIEN 0x0 rw 0: CTSCEF interrupt disabled
1: CTSCEF interrupt enabled
CTS enable
Bit 9 CTSEN 0x0 rw 0: CTS is disabled.
1: CTS is enabled.
RTS enable
Bit 8 RTSEN 0x0 rw 0: RTS is disabled.

1: RTS is enabled.
DMA transmitter enable
Bit 7 DMATEN 0x0 w 0: DMA transmitter is disabled.
1: DMA transmitter is enabled.
DMA receiver enable
Bit 6 DMAREN 0x0 w 0: DMA receiver is disabled.
1: DMA receiver is enabled.
Smartcard mode enable
Bit 5 SCMEN 0x0 w 0: Smartcard mode is disabled.
1: Smartcard mode is enabled.
Smartcard NACK enable This bit is used to send NACK
when parity error occurs.

Bit 4 SCNACKEN 0x0 w 0: NACK is disabled when parity error occurs.
1: NACK is enabled when parity error occurs.
Single line bidirectional half-duplex enable

Bit 3 SLBEN 0x0 rw 0: Single-wire bidirectional half-duplex is disabled. 1:
Single-wire bidirectional half-duplex is enabled.

Bit 2 IRDALP 0x0 w IrDA low-power mode
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This bit is used to configure IrDA low-power mode.

0: IrDA low-power mode is disabled.

1: IrDA low-power mode is enabled.

IrDA enable
Bit 1 IRDAEN 0x0 w 0: IrDA is disabled.

1: IrDAis enabled.

Error interrupt enable

An interrupt is generated when a framing error, overflow
Bit 0 ERRIEN 0x0 rw error or noise error Occurs.

0: Error interrupt is disabled.

1: Error interrupt is enabled.

12.13.7 Guard time and divider register (GDIV)

Bit Register Reset value Type Description

Bit 31:16  Reserved 0x0000 resd Forced to 0 by hardware.
Smart card guard time
This field specifies the guard time value. The
transmission complete flag is set after this guard time in
smartcard mode.
IrDA/Smartcard division
In IrDA mode: 8 bit [7: 0] is valid. It is invalid in common
mode and must be set to 00000001. In low-power mode,
it divides the peripheral clock to serve as the period base
of the pulse width;
00000000: Reserved—Do not write.
00000001: Divided by 1
00000010: Divided by 2
Bit 7:0 ISDIV 0x00 wo L
Smartcard mode: the lower 5 bit [4: 0] is valid.
This division is used to divide the peripheral clock to
provide clock for the Smartcard. Configured as follows:
00000: Reserved—Do not write.
00001: Divided by 2
00010: Divided by 4
00011: Divided by 6

Bit 15:8 SCGT 0x00 rw

12.13.8 Receiver timeout detection register (RTOV)
Bit Reg_]ister Reset value Type Description
Bit 31:24  Reserved 0x00 resd Forced to 0 by hardware.

Ao Receiver time out value
Bit23:0  RTOV 0x00 w The unit is 1 bit width.

12.13.9 Interrupt flag clear register (IFC)

Bit Register Reset value Type Description

Bit 31:21

Bit 19:18

Bit 16:12 Reserved 0x00 resd Forced to 0 by hardware.

Bit 10:0
Low power wake up flag clear

Bit 20 LPWUFC 0 w1 Note: USART4 to USARTS8 do not support this bit (0 by
default)

Bit 17 CMDFC 0 w1 Character match detection flag clear

Bit 11 RTODFC 0 w1 Receiver time out detection flag clear
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13 Serial peripheral interface (SPI)
13.1 SPI introduction

The SPI interface supports either the SPI protocol or the I2S protocol, depending on software
configuration. This chapter gives an introduction of the main features and configuration procedure of SPI

used as SPl or I2S.

13.2 Functional overview

13.2.1

The SPI can be configured in host or slave mode depending on software configuration. It is capable of
operating in full-duplex, full-duplex receive-only, and half-duplex transmit-only/receive-only modes, with
DMA capability and automatic CRC calculation and check functions. The SPI interface can be configured

SPI description

by software to be compatible with Tl protocol.
SPI block diagram:

Figure 13-1 SPI block diagram
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Main features as SPI:
Programmabile full-duplex or half-duplex communication

2023.08.02

— Full-duplex synchronous communication (supporting receive-only mode to free the transmit IO

for other purposes)

— Half-duplex synchronous communication (transfer direction is configurable by software: receive

or transmit)

Programmable master or slave mode
Programmable CS signal handling
— CS signal handling by hardware
— CS signal handling by software

Page 196

Rev 2.02




-9 AT32F423 Series Reference Manual

® Programmable 8-bit or 16-bit frame format

® Programmable communication frequency and prescaler (prescaler up to fecix/2)
Programmable clock polarity and phase
Programmable data transfer order (MSB-first or LSB-first)

® Programmable error interrupt flags (CS pulse error, receiver overflow error, master mode error
and CRC error)

® Programmable transmit data buffer empty interrupt and receive data buffer full interrupt

® Support transmission and reception using DMA

® Support hardware CRC transmission and check

® Busy status flag

® Compatible with the Tl protocol

13.2.2 Full-duplex/half-duplex selector

When used as an SPI interface (through software configuration), it is capable of operating in four
synchronous modes: two-wire unidirectional full-duplex, single-wire unidirectional receive only, single-
wire bidirectional half-duplex transmit and single-wire bidirectional half-duplex receive.

Figure 13-2 shows the two-wire unidirectional full-duplex mode and SPI IO connection:
The SPI operates in two-wire unidirectional full-duplex mode when the SLBEN=0 and the ORA=0. In this
case, the SPI supports simultaneous data transmission and reception. I0s are connected as follows:

Figure 13-2 SPI two-wire unidirectional full-duplex connection

SPI master SPI slave
SCK » SCK
MISO |« MISO
MOSI > MOSI
CS > Cs

In both master and slave mode, it is required to wait until the RDBF bit and TDBE bit is set, and BF=0
before disabling the SPI or entering power-saving mode (or disabling SPI system clock).

Figure 13-3 shows the single-wire unidirectional receive-only mode and SPI 10 connection

The SPI operates in single-wire unidirectional receive-only mode when the SLBEN=0 and ORA=1. In
this case, the SPI can be used as data receiver (transmission is not available). In master mode, the
MISO pin receives data and the IO mapped onto MOSI is released. In slave mode, the MOSI pin
receives data and the |0 mapped onto MISO is released.
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Figure 13-3 Single-wire unidirectional receive only in SPI master mode

SPI master SPI slave
SCK » SCK
MISO [ MISO
MOSI MOSI
CS » CSs

Figure 13-4 Single-wire unidirectional receive only in SPI slave mode

SPI| master SPI slave
SCK » SCK
MISO MISO
MOSI » MOSI
CS ™ CS

In master mode, it is required to wait until the second to last RDBF bit is set and then one SPI_CPK
clock before disabling the SPI. The last RDBF must be set to 1 before entering power-saving mode (or
disabling SPI system clock).

In slave mode, there is no need to check any flag before disabling the SPI. However, it is required to
wait until the BF becomes 0 before entering power-saving mode.

Figure 13-5 shows single-wire bidirectional half-duplex mode and SPI 10 connection.

When SLBEN=1, the SPI operates in single-wire bidirectional half-duplex mode. In this case, the SPI
supports data reception and transmission alternately. In master mode, the MOSI pin transmits/ receives
data, and 10 mapped onto MISO pin is released. In slave mode, the MISO pin transmits/receives data,
and 10 mapped onto MOSI pin is released.

The SLBTD bit is used by software to configure transfer direction. When SLBTD=1, the SPI can be
used only for data transmission; when SLBTD=0, the SPI is used for data reception only.

Figure 13-5 Single-wire bidirectional half-duplex mode

SPI| master SPI slave
SCK »  SCK
MISO MISO
MOSI / MOSI
CS > Cs
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In both master and slave mode, when the SPI is selected for data transmission in single-wire bidirectional
half-duplex mode, the TDBE bit must be set, and the BF must be 0 before disabling the SPI. The power-
saving mode (or disabling SPI system clock) cannot be entered unless the SPI is disabled.

In master mode, when the SPI is selected for data reception in single-wire bidirectional half-duplex mode,
it is required to wait until the second to last RDBF is set and then one SPI_SCK cycle before disabling
the SPI. And the last RDBF must be set to 1 before entering power-saving mode (or disabling SPI system
clock).

In slave mode, when the SPI is selected for data reception in single-wire bidirectional half-duplex mode,
there is no need to check any flag before disabling the SPI. However, the BT must be 0 before entering
power-saving mode (or disabling SPI system clock).

13.2.3 Chip select controller

The Chip select controller (CS) is used to enable hardware or software control for chip select signals
through software configuration. This controller is used to select master/slave device in multi-processor
mode, and to avoid conflicts on data lines by enabling the SCK signal output followed by CS signal. The
hardware and software configuration procedure is detailed as follows, along with their respective
input/output in master and slave mode.

CS hardware configuration procedure:

In master mode with CS being as an output, the CS hardware control is enabled by setting HWCSOE=1
and SWCSEN=0. If the SPI is enabled, low level is output on the CS pin. The CS signal is then released
after the SPI is disabled and the transmission is complete.

In master mode with CS being as an input, the CS hardware control is enabled by setting HWCSOE=0
and SWCSEN-=0. At this point, the SPI is automatically disabled by hardware and enters slave mode as
soon as the CS pin low is detected by master SPI. The mode error flag (MMERR bit) is set accordingly.
An interrupt is generated if ERRIE=1. During the period of MMERR being set, the SPIEN and MSTEN
cannot be set by software. The MMERR is cleared by read or write access to the SPI_STS register
followed by write operation to the SPI_CTRL1 register.

In slave mode with CS being as an input, the CS hardware control is enabled by setting HWCSOE=0
and SWCSEN=0. The slave determines whether to transmit / receive data based on the level on the CS
pin. The slave is selected for data reception and transmission only when the CS pin is low.

CS software configuration procedure:

In master mode with CS being as an input, SWCSEN=1, the CS software control is enabled. When
SWCSIL=0, the SPI is automatically disabled by hardware and enters slave mode. The mode error flag
(MMERR bit) is set accordingly. An interrupt is generated if ERRIE=1. When the MMERR bit is set, the
SPIEN and MSTEN bits cannot be set by software. The MMERR bit is cleared by read or write access
to the SPI_STS register followed by write operation to the SPI_CTRL1 register.

In slave mode with CS being as an input, SWCSEN=1, the CS software control is enabled. The SPI

judges the CS signal with the SWCSIL bit, instead of CS pin. When SWCSIL=0, the slave is selected for
data reception and transmission.

13.2.4 SPI_SCK controller

The SPI protocol adopts synchronous transmission. In master mode with the SPI being used as SPI, it
is required to generate a communication clock for data reception and transmission via the SPI interface,
and the communication clock should be output to the slave via 10 for data reception and transmission.
In slave mode, the communication clock is provided by peripherals, and is input to the SPI via IO. In all,
the SPI_SCK controller is used for the generation and configuration of SPI_SCK, with the configuration
procedure detailed as follows:

SPI_SCK controller configuration procedure:
® Clock polarity and clock phase selection: by setting the CLKPOL and CLKPHA bit.

® Clock prescaler selection: Select the desired PCLK frequency by setting the CRM bit, and select
the desired prescaler by setting the MDIVI[3: 0] bit.

® Master/slave selection: Select SPI as master or slave by setting the MSTEN bit.
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Note that the clock output is activated after the SPI is enabled in master reception-only mode, and it
remains there until when the SPI is disabled and the reception is complete.

13.2.5 CRC

The SPI interface provides separate CRC calculation unit for transmission and reception. When used as
SPI through software configuration, the automatic CRC calculation and check is performed while the
user is reading or writing through DMA or CPU. During transmission, if the received data is not consistent
with, detected by hardware, the data in the SPI_RCRC register, and such data is exactly the CRC value,
then the CCERR bit will be set. An interrupt is generated if ERRIE=1.
The CRC function and configuration procedure of the SPI are described as follows.
CRC configuration procedure
® CRC calculation polynomial is configured by setting the SPI_CPOLY register.
® CRC enable: The CRC calculation is enabled by setting the CCEN bit. This operation will reset
the SPI_RCRC and SPI_TCRC registers.
® Select if or when the NTC bit is set, depending on DMA or CPU data register. See the following
descriptions.
Transmission using DMA
When DMA is used to write the data to be transmitted, if the CCEN bit is enabled, the hardware calculates
the CRC value automatically according to the value in the SPI_CPOLY register and each transmitted
data, and sends the CRC value at the end of the last data transmission. This CRC value is the value of
the SPI_TCRC register.
Reception using DMA
When DMA is used to read the data to be received, if the CCEN bit is enabled, the hardware calculates
the CRC value automatically according to the value in the SPI_CPOLY register and each received data,
and waits until the completion of CRC data reception at the end of the last data reception before
comparing the received CRC value with the value of the SPI_RCRC register. If check error occurs, the
CCERR flag is set. An interrupt is generated if the ERRIE bit is enabled.
Transmission using CPU
Unlike DMA mode, after writing the last data to be transmitted, the CPU mode requires the NTC bit to
be set by software before the end of the last data transmission.
Reception using CPU
In two-wire unidirectional full-duplex mode, the CRC calculation and check in CPU reception mode will
be completed automatically by following CPU transmission mode to operate the NTC bit,

In single-wire unidirectional reception-only mode and single-wire bidirectional reception-only mode, it is
required to set the NTC bit before the software receives the last data when the second-to-last data is
already received.

2023.08.02 Page 200 Rev 2.02



-9 AT32F423 Series Reference Manual

13.2.6 DMA transfer

The SPI supports write and read operations with DMA. Refer to the following configuration procedure.

Special attention should be paid to: when the CRC calculation and check is enabled, the number of

data transferred by DMA is configured as the number of the data to be transferred plus 1. The number

of data read with DMA is configured as the number of the data to be received. In this case, the

hardware will send CRC automatically at the end of full transfer, and the receiver will continue to

perform CRC automatic check. Note that the received CRC data will be moved into the SPI_DT

register by hardware, the RDBF is set, and DMA read request will be issued if then DAM transfer

feature is enabled. Hence, it is recommended to read the SPI_DT register by software to get the CRC

value at the end of CRC reception in order to avoid the upcoming transfer error.

Transmission with DMA

® Select DMA channel: Select a DMA channel for the current SPI from DMA channel map table
described in DMA chapter.

® Configure the destination of DMA transfer: Configure the SPI_DT register address as the
destination address bit of DMA transfer in the DMA control register. Data will be sent to this
address after transmit request is received by DMA.

® Configure the source of DMA transfer: Configure the memory address as the source of DMA

transfer in the DMA control register. Data will be loaded into the SPI_DT register from the

memory address after transmit request is received by DMA.

Configure the total number of bytes to be transferred in the DMA control register.

Configure the channel priority of DMA transfer in the DMA control register.

Configure DMA interrupt generation after half or full transfer in the DMA control register.

Enable DMA transfer channel in the DMA control register.

Reception with DMA

® Select DMA transfer channel: Select a DMA channel for the current SPI from DMA channel map
table described in DMA chapter.

® Configure the destination of DMA transfer: Configure the memory address as the destination of
DMA transfer in the DMA control register. Data will be loaded from the SPI_DT register to the
programmed destination after reception request is received by DMA.

® Configure the source of DMA transfer: Configure the SPI_DT register address as the source of

DMA transfer in the DMA control register. Data will be loaded from the SPI_DT register to the

programmed destination after reception request is received by DMA.

Configure the total number of bytes to be transferred in the DMA control register.

Configure the total number of bytes to be transferred in the DMA control register.

Configure DMA interrupt generation after half or full transfer in the DMA control register

Enable DMA transfer channel in the DMA control register.

13.2.7 Tl mode

The SPl interface is compatible with the Tl protocol. The TI mode is enabled by setting the TIEN bit to 1.

In this mode, the SPI interface will generates a communication clock SPI_CLK in accordance with the
Tl protocol. This means that the SPI_CLK polarity and phase are forced to conform to the Tl protocol
requirements, without the need of the intervention of CLKPOL and CLKPHA bits. Thus the CLKPOL and
CLKPHA bits cannot be used to change the polarity and phase of the SPI_CLK either.

In this mode, the SPI interface will generate a CS signal in accordance with the Tl protocol, meaning
that the CS input and output are forced to conform to the Tl protocol requirements, without the need of
the intervention of SWCSEN, SWCSIL and HWCSOE bits. Thus, the SWCSEN, SWCSIL and HWCSOE
bits cannot be used for CS signal management either.

In slave mode, once the Tl mode is enabled, the SPI slave controls the MISO pin only during data
transmission, meaning that the MISO pin state remains Hi-Z in idle state.

In slave mode, once the Tl mode is enabled, the SPI interface is capable of detecting CS pulse errors
during data transmission, and setting the CSPAS bit (It is cleared by reading the SPI_STS) as soon as
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a CS pulse error is detected. At this point, the detected erroneous pulse will be ignored by the SPI.
However, since there is something wrong with the CS signal, the software should disable the SPI slave
and re-configure the SPI master before re-enabling the SPI slave for communication.

13.2.8 Transmitter

The SPI transmitter is clocked by SPI_SCK controller. It can output different data frame formats,
depending on software configuration. There is a SPI_DT register available in the SPI which is used to
be written with the data to be transmitted. When the transmitter is clocked, the contents in the SPI_DT
register are copied into the data buffer (Unlike SPI_DT, it is driven by SPI_SCK, and controlled by
hardware, instead of software), and sent out in order based on the programmed frame format.

Both DMA and CPU can be used for write operation. For DMA transfer, refer to DMA transfer section for
more details. For CPU transfer, attention should be paid to the TDBE bit. The reset value of this bitis 1,
indicating that the SPI_DT register is empty. If the TDBEIE bit is set, an interrupt is generated. After the
data is written, the TDBE is pulled low until the data is moved to the transmit data buffer before the TDBE
is set once again. This means that the user can be allowed to write the data to be transmitted only when
the TDBE is set.

After the transmitter is configured and the SPI is enabled, the SPI is ready for data transmission. Before
going forward, it is necessary for the users to refer to full-duplex / half-duplex chapter to get detailed
configuration information, go to the Chip select controller chapter for specific chip select mode, check
the SPI_SCK controller chapter for information on communication clock, and refer to CRC and DMA
transfer chapter to configure CRC and DMA (if necessary). The recommended configuration procedure
are as follows.

Transmitter configuration procedure:
Configure full-duplex/half-duplex selector
Configure chip select controller
Configure SPI_SCK controller

Configure CRC (if necessary)

Configure DMA transfer (if necessary)

If the DMA transfer mode is not used, the software will check whether to enable transmit data

interrupt (TDBEIE =1) through the TDBE bit.

® Configure frame format: select MSB/LSB mode with the LTF bit, and select 8/16-bit data with
the FBN bit

® Enable SPI by setting the SPIEN

13.2.9 Receiver

The SPI receiver is clocked by the SPI_SCK controller. It can output different data frame formats through
software configuration. There is a receive data buffer register, driven by the SPI_SCK, in the SPI receiver.

At the last CLK of each transfer, the data is moved from the shift register to the receive data buffer
register. Then the transmitter sets the receive data complete flag to the SPI logic. When the flag is
detected by the SPI logic, the data in the receive data buffer is copied into the SPI_DT register, with the
RDBF being set. This means that the data is received, and it is already stored into the SPI_DT. In this
case, read access to the SPI_DT register will clear the RDBF bit.

Both DMA and CPU can be used for read operation. For DMA transfer, refer to DMA transfer section for
more details. For CPU transfer, attention should be paid to the RDBE bit. The reset value of this bit is 0,
indicating that the SPI_DT register is empty. If the data is received and moved into the SPI_DT, the
RDBF is set, meaning that there are some data to be read in the SPI_DT register. An interrupt is
generated if the RDBFIE bit is set.

When the next received data is ready to be moved to the SPI1_DT register while the previously received
data has not been read yet (RDBF=1), then the data overflow occurs. The previously receive data are
not lost, but the next received data will do. At this point, the ROERR is set. An interrupt is generated if
the ERRIE is set. Read SPI_DT register and then the SPI_STS register will clear the ROERR bit. The
recommended configuration procedure is as follows.
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Receiver configuration procedure:

Configure full-duplex/half-duplex selector
Configure chip select controller
Configure SPI_SCK controller

Configure CRC (if necessary)

Configure DMA transfer (if necessary)

If the DMA transfer mode is not used, the software will check whether to enable receive data
interrupt (RDBEIE =1) through the RDBE bit.

Configure frame format: select MSB/LSB mode with the LTF bit, and select 8/16-bit data with the
FBN bit

Enable SPI by setting the SPIEN

13.2.10 Motorola mode

This section describes the SPI communication timings, which includes full-duplex and half-duplex
master/slave timings.

Full-duplex communication — master mode

For host side, configured as follows:

MSTEN=1: Master enable

SLBEN=0: Full-duplex mode

CLKPOL=0, CLKPHA=0: SCK idle output low, use the first edge for sampling
FBN=0: 8-bit frame

Master transmit (MOSI): Oxaa, Oxcc, Oxaa

Slave transmit (MISO): Oxcc, Oxaa, Oxcc

Figure 13-6 Master full-duplex communications
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Full-duplex communication — slave mode
For slave side, configured as follows:

MSTEN=0: Slave enable

SLBEN=0: Full-duplex mode

CLKPOL=0, CLKPHA=0: SCK idle output low, use the first edge for sampling
FBN=0: 8-bit frame

Master transmit (MOSI): Oxaa, Oxcc, Oxaa

Slave transmit (MISO): Oxcc, Oxaa, 0xcc
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Figure 13-7 Slave full-duplex communications
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Half-duplex communication — master transmit timing
Configured as follows:
MSTEN=1: Master enable
SLBEN=1: Single line bidirectional mode
CLKPOL=0, CLKPHA=0: SCK idle output low, use the first edge for sampling
FBN=0: 8-bit frame
Master transmit (MOSI): Oxaa, Oxcc, Oxaa
Figure 13-8 Master half-duplex transmit
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Half-duplex communication — slave receive

Configured as follows:

MSTEN=0: Slave enable

SLBEN=1: Single line bidirectional mode

SLBTD=0: Receive mode

CLKPOL=0, CLKPHA=0: SCK idle output low, use the first edge for sampling
FBN=0: 8-bit frame

Slave receive: Oxaa, Oxcc, Oxaa

Figure 13-9 Slave half-duplex receive
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Half-duplex communication — slave transmit
Configured as follows:

MSTEN=0: Slave enable

SLBEN=1: Single line bidirectional mode
SLBTD=1: Transmit enable
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CLKPOL=0, CLKPHA=0: SCK idle output low, use the first edge for sampling
FBN=0: 8-bit frame

Slave transmit: Oxaa, Oxcc, Oxaa

Figure 13-10 Slave half-duplex transmit
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Half-duplex communication — master receive

Configured as follows:

MSTEN=1: Master enable

SLBEN=1: Single line bidirectional mode

SLBTD=0: Receive enable

CLKPOL=0, CLKPHA=0: SCK idle output low, use the first edge for sampling
FBN=0: 8-bit frame

Master receive: Oxaa, Oxcc, Oxaa

Figure 13-11 Master half-duplex receive
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13.2.11 Tl mode

The SPI interface supports TI mode. This mode is enabled by setting TIEN=1.

In TI mode, a slight difference is present between continuous and discontinuous communication
timings. When the to-be transmitted data is written before the rising SCK edge corresponding to the
last data of the current transmit frame, it is a continuous communication, without dummy CLK between
data, and the host sends a valid CS pulse while transmitting the last data of the current frame.

Figure 13-12 Tl mode continous transfer
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In TI mode, when the to-be-transmitted data is written between the rising and falling SCK edge
corresponding to the last data of the current transmit frame, a dummy CLK exists between data.
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Figure 13-13 Tl mode continous transfer with dummy CLK
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In TI mode, when the to-be-transmitted data is written after the falling SCK edge corresponding to the
last data of the current transmit frame, the host always issues a valid SCK clock after 1T SCK + 4T
PCLK cycles. If the slave still does not detect a valid CS pulse at the end of the current data reception,
it disables MISO output after 1/2T SCK + 3T PCLK cycles to control MISO floating.

Figure 13-14 Tl mode continous transfer with dummy CLK
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13.2.12 Interrupts
Figure 13-15 SPI interrupts
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13.2.13 IO pin control

When used as SPI, the SPI interface is connected to external devices through four pins.

® MISO: Master In/Slave Out. The pin is used to receive data from slave in SPI master mode, and
transmit data in slave mode.

® MOSI: Master Out/Slave In. The pin is used to transmit data in SPI master mode, and receive
data in slave mode.

® SCK: SPI communication clock. The pin serves as output (communication clock is sent to
peripheral via this pin) in SPI master mode, and as input (communication clock from master is
input to SPI via this pin) in SPI slave mode.

® CS: Chip Select. This is an optional pin which is used to select master/slave mode. Refer to CS

section for more information.

13.2.14 Precautions

® CRC value should be read by software reading DT register at the end of CRC reception
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13.3 I2S functional description

13.3.1

I°S introduction

The I2S is capable of operating in master receive, master transmit, and slave receive and slave transmit,
depending on software configuration. These four operating modes support four audio protocols including
Philips standard, MSB-aligned standard, LSB-aligned standard and PCM standard, respectively. The
DMA transfer is also supported.

The combination of two I2S interfaces can be used to support I12S full-duplex mode. Refer to I12S full-
duplex section for more information.

Figure 13-16 I2S block diagram
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Main features when the SPI is used as I?S:
® Programmable operating modes
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Slave device transmission
Slave device reception
Master device transmission
Master device reception

Programmable clock polarity
Programmable clock frequency (8 KHz to 192 KHz)
Programmable data bits (16 bit, 24 bit, 32 bit)
Programmable channel bits (16 bit, 32 bit)
Programmable audio protocol

12S full-duplex
DMA transfer

I°S Philips standard
MSB-aligned standard (left-aligned)
LSB-aligned standard (right-aligned)
PCM standard (channel frame with short and long frame synchronization)
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® Main peripheral clock with a fixed frequency of 256x Fs (audio sampling frequency)

13.3.2 12S full-duplex

Two SPls can be combined to support I°S full-duplex mode through the SCFG_CFG2[31:30] bit in
the SCFG register. Of the three SPlIs, either SPI1 or SPI2 can be configured as full-duplex master,
while the SPI12 or SPI3 can be set as full-duplex slave, which is selected through the
SCFG_CFG2[31:30] bit in the SCFG register. Once selected (combining two SPIs to achieve I°S
full-duplex mode), the 1O remap relations of the master remains unchanged, while the SCK and
WS of the slave are connected to the SCK and WS of the master internally, with the SD line of the
slave remapped onto the 12S_SDEXT. The slave’s original IO remap relations become invalid,
keeping the corresponding 10s free for other purposes.

Figure 13-17 IS full-duplex structure

12S master SPI1_MOSI/I2S1_SD(in/out)/
1281_SCK/ (SPI1/SPI2) SPI12_MOSI/12S2_SD(in/out)
12S2_SCK
I2S1 WS/ — o
12S2_WS
IS slave (SPI2/SPI3) ———— 12Sext_SD(in/out)

12S full-duplex master side:

It supports master or slave mode. It can programmed as a receiver or transmitter.

® [2Sx_WS takes part in communication for actual WS signal interaction

® |2Sx_SCK takes part in communication for actual clock signal interaction

® |2Sx_SD takes part in communication for data and information interaction of the master side
12S full-duplex slave side:

It supports slave mode only. It can be programmed as a transmitter or receiver.

® [2Sy WS does not take part in communication, releasing the corresponding 10s for other

purposes

® [2Sy SCK does not take part in communication, releasing the corresponding 10s for other
purposes

® [2Sy SD does not take part in communication, releasing the corresponding IOs for other
purposes

® |2S SDEXT takes part in communication for data and information interaction of the slave side
Note: x can be 1 or 2, whereas y can be 2 or 3.

13.3.3 Operating mode selection

The SPI, used as I2S selector, offers multiple operating modes for selection, namely, slave device
transmit, slave device receive, master device transmit and master device receive. This is done by
software configuration.

Slave device transmission:
Set the I2SMSEL bit, and OPERSEL[1:0] =00, the I?S will work in slave device transmission mode.
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Figure 13-18 12S slave device transmission

12S master

CK

SD
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12S slave

CK

SD

WS

Slave device reception:

Set the I2SMSEL bit, and OPERSEL[1:0]=01, the I2S will

Figure 13-19 12S slave device reception

work in slave device reception mode.

I12S master

CK

SD

WS

A

A

Y

12S slave

CK

SD

WS

Master device transmission:

Set the I2SMSEL bit, and OPERSEL[1:0]=10, the I°S will work in master device transmission mode.

Figure 13-20 I°S master device transmission

12S master

CK

SD

WS

\

Y

Y

12S slave

CK

SD

WS

Master device reception:

Set the I2SMSEL bit, and OPERSEL[1: 0]=11, the I°S will work in master device reception mode.
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Figure 13-21 IS master device reception

I12S master 12S slave
CK » CK
SD |= SD
WS > WS

13.3.4 Audio protocol selector

As I2S interface, the SPI supports multiple audio protocols. The user is able to select the desired audio
protocol, the number of data bits and of channel bits through the audio protocol selector by software. By
controlling the WS controller automatically, the audio protocol selector outputs or detects WS signals
that conform to the protocol requirements.

® Select audio protocol by setting the STDSEL bit
STDSLE=00: Philips standard
STDSLE=01: MSB-aligned standard (left-aligned)
STDSLE=10: LSB-aligned standard (right-aligned)
STDSLE=11: PCM standard

® Select PCM frame synchronization format: PCMFSSEL=1 for PCM long frame synchronization,
PCMFSSEL=0 for short frame synchronization (this step is required when selecting PCM protocol)

® Select the number of data bits by setting the I2SDBN bit
I2SDBN=00: 16 bit
I2SDBN =01: 24 bit
I2SDBN =10: 32 bit
® Select the number of channel bits by setting the I2SCBN bit
I2SDBN =0: 16 bit
I2SDBN =1: 32 bit
Note: Read/Write operation mode depends on the selected audio protocol, data bits and channel bits.
The following lists all possible configuration combinations and their respective read and write
operation mode.
® Philips standard, PCM standard, MSB-aligned or LSB-aligned standard, 16-bit data and
16-bit channel
The data bits are the same as the channel bits. Each channel requires only one read/write
operation from/ to the SPI1_DT register, and the number of DMA transfer is 1.
® Philips standard, PCM standard or MSB-aligned standard, 16-bit data and 32-bit channel
The data bits are different from the channel bits. Each channel requires only one read/write
operation from/to the SPI_DT register, and the number of DMA transfer is 1. The first 16 bits are
valid data, and the remaining 16-bit are forced to 0 by hardware.
® Philips standard, PCM standard or MSB-aligned standard, 24-bit data and 32-bit channel
The data bits are different from the change bits. Each channel requires two read/write operations
from/to the SPI_DT register, and the number of DMA transfer is 2. The first 16-bit channel
transmits and receives the first 16-bit data, while the last 16-bit channel transmits and receives
the upper 8-bit data, and the lower 8-bit data are forced to 0 by hardware.
® Philips standard, PCM standard, MSB-aligned or LSB-aligned standard, 32-bit data and
32-bit channel
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The data bits are the same as the channel bits. Each channel requires two read/write operations
from/to the SPI_DT register, and the number of DMA transfer is 2. These 32-bit data are
proceeded (transmit and reception) in two times, with 16-bit data each time.

® LSB-aligned standard, 16-bit data and 32-bit channel

The data bits are different from the channel bits. Each channel requires only one read/write
operation from/to the SPI_DT register, and the number of DMA transfer is 1. The last 16 bits
(LSB) are valid data, while the first 16-bit data (MSB) are forced to 0 by hardware.

® | SB-aligned standard, 24-bit data and 32-bit channel
The data bits are different from the channel bits. Each channel requires two read/write operations
from/to the SPI_DT register, and the number of DMA transfer is 2. Of the first 16-bit data, its
lower 8 bits are valid data, and the upper 8 bits are forced to 0 by software; the last 16 bits
transmit and receive the second 16-bit data.

13.3.5 12S_CLK controller

As I2S, The audio protocols the SPI supports adopts synchronous transmission. In master mode, it is
required to generate a communication clock for data reception and transmission on the SPI, and the
communication clock should be output to the slave via 10 for data reception and transmission. In slave
mode, the communication clock is provided by master, and is input to the SPI via 10O. In all, the 12S_SCK
controller is used for the generation and configuration of 12S_SCK, with the configuration procedure
detailed as follows:

In I1°S master mode, the SPI provides communication clock (CK) and main peripheral clock (MCK) shown
in Figure 13-22. The CK and MCK are generated by HCLK divider, and the MCK frequency division
factor depends on the 12SDIV and 12SODD. The calculation formula is seen in Figure 13-22.

The CK frequency division factor depends on whether to provide the main clock for peripherals. To
ensure that the main clock is always 256 times the audio sampling frequency, the provision of main clock
and the number of channel bits should be taken into account. When the main clock is needed, the CK
should be divided by 8 (I2SCBN=0) or 4 (I2SCBN=1), then divided again by the same frequency division
factor as that of the MCK, that is the final communication clock; When the main clock is not needed, the
CK frequency division factor is determined by 12SDIV and 12SODD, shown in Figure 13-22.

Figure 13-22 CK & MCK source in master mode

Dwided by

MCK
| (2x12SDIV[9:0]+
* ZSODI[D) ] 12SMCLKOE }_D
CK

~CHLEN 0
Divided by

HOLK [} | Divided by 8 > (2x12SDIV[9:0]+I 1
2S0DD)
CHLEN |
[ Divided by 3_‘ 12SMCLKOH
> Divided by 4 - (2xI12SDIV[9:0]+I

2S0DD)

In addition to the above configuration, the following table lists the values of 12SDIV and 12SODD
corresponding to some specific frequencies, as well as their respective error for the users to configure
the 12SDIV and 12SODD.
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Table 13-1 Audio frequency precision using system clock

SCLK veL  Target 16bit 32bit
(MHz) K Fs 12S 55 ODD  RealFs Error 25 |25 ODD  RealFs Error
(Hz)  piv — DIV —
72 No 192000 | 6 0 187500 2.34% | 3 0 187500  2.34%
72 No 96000 | 11 1 97826.09 1.90% | 6 0 93750 2.34%
72 No 48000 | 32 1 34615.38  27.88% | 11 1 48913.04  1.90%
72 No 44100 | 25 1 44117.65 0.04% | 13 0 43269.23  1.88%
72 No 32000 | 35 0 32142.86  0.45% | 17 1 32142.86  0.45%
72 No 22050 | 51 0 22058.82  0.04% | 25 1 22058.82  0.04%
72 No 16000 | 70 1 15957.45 0.27% | 35 0 16071.43  0.45%
72 No 11025 | 102 0 11029.41  0.04% | 51 0 11029.41  0.04%
72 No 8000 | 140 1 8007.117 0.09% | 70 1 7978.723  0.27%
72 Yes 96000 2 0 703125 26.76% | 2 0 70312.5  26.76%
72 Yes 48000 3 0 46875 2.34% | 3 0 46875 2.34%
72 Yes 44100 3 0 46875 6.29% | 3 0 46875 6.29%
72 Yes 32000 | 4 1 31250 2.34% | 4 1 31250 2.34%
72 Yes 22050 6 1 2163462 1.88% | 6 1 21634.62  1.88%
72 Yes 16000 9 0 15625 2.34% | 9 0 15625 2.34%
72 Yes 11025 | 13 0 10817.31 1.88% | 13 0 10817.31  1.88%
72 Yes 8000 17 1 8035.714 0.45% | 17 1 8035.714  0.45%
13.3.6 DMA transfer

The SPI supports write and read operations with DMA. Whether used as SPI or I?S, read/write request
using DMA comes from the same peripheral. As a result, their configuration procedure are the same,
described as follows.

Transmission with DMA

Select a DMA channel: Select a DMA channel for the current SPI from DMA channel map table
described in DMA chapter.

Configure the destination of DMA transfer: Configure the SPI_DT register address as the
destination address bit of DMA transfer in the DMA control register. Data will be sent to this
address after transmit request is received by DMA.

Configure the source of DMA transfer: Configure the memory address as the source of DMA
transfer in the DMA control register. Data will be loaded into the SPI_DT register from the
memory address after transmit request is received by DMA.

Configure the total number of bytes to be transferred in the DMA control register.
Configure the channel priority of DMA transfer in the DMA control register.

Configure DMA interrupt generation after half or full transfer in the DMA control register.
Enable DMA transfer channel in the DMA control register.

Reception with DMA

2023.08.02

Select DMA transfer channel: Select a DMA channel for the current SPI from DMA channel map
table described in DMA chapter.

Configure the destination of DMA transfer: Configure the memory address as the destination of
DMA transfer in the DMA control register. Data will be loaded from the SPI_DT register to the
programmed destination after reception request is received by DMA.

Configure the source of DMA transfer: Configure the SPI_DT register address as the source of
DMA transfer in the DMA control register. Data will be loaded from the SPI_DT register to the
programmed destination after reception request is received by DMA.

Configure the total number of bytes to be transferred in the DMA control register.
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13.3.7

Configure the total number of bytes to be transferred in the DMA control register.
Configure DMA interrupt generation after half or full transfer in the DMA control register
Enable DMA transfer channel in the DMA control register.

Transmitter/Receiver

Whether used as SPI or 12S, there is no difference for CPU. The SPI (in whatever mode) shares the
same base address, the same SPI_DT register, the same transmitter and receiver. The SPI transmitter
and receiver is responsible for sending and receiving the desired data frame according to the
configuration of the communication controller. Thus their status flags such as TDBE, RDBF and ROERR,
and their interrupt enable bits including TDBEIE, RDBFIE and ERRIE are identical.

Special attention must be paid to:

CRC check is not available on the I1°S. Any operations related to CRC, including CCERR flag and
corresponding interrupts, are not supported.

I2S protocol needs decode the current channel status. The ACS bit is used to judge whether the
current transfer occurs on the left channel (ACS=0) or the right channel (ACS=1).

TUERR bit indicates whether an underrun occurs. TUERR=1 means an underrun error occurs on
the transmitter. An interrupt is generated when the ERRIE is set.

Read/write operation to the SPI_DT register is different under different audio protocols, data bits
and channel bits. Refer to the audio protocol selector section for more information.

Pay more attention to the I°S disable operation under different configurations, shown as follows:
— 12SDBN=00, I2SCBN=1, STDSLE=10: wait for the second-to-last RDBF=1 and 17 CK cycles
before disabling the I2S.

— 12SDBN=00, I2SCBN=1, STDSLE=00 or STDSLE=01 or STDSLE=11: wait for the last
RDBF=1 and one CK cycles before the I2S.

— [2SDBN, 12SCBN, STDSLE combination: wait for the second-to-last RDBF=1 and one CK
cycles before disabling the I2S.

IS transmitter configuration procedure:

Configure operation mode selector

Configure audio protocol selector

Configure 12S_SCK controller

Configure DMA transfer (if necessary)

Set the 12SEN bit to enable 1°S

Follow above steps to configure the I?SXEXT (For I°S full-duplex mode )

IS receiver configuration procedure:

2023.08.02

Configure operation mode selector

Configure audio protocol selector

Configure 12S_SCK controller

Configure DMA transfer (if necessary)

Set the I2SEN bit to enable 1°S

Follow above steps to configure the I2SXEXT (For I°S full-duplex mode )
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13.3.8 Interrupts
Figure 13-23 I°S interrupts

RDBF
RDBFIE

TDBE
TDBEIE

J U

ERRIE \ %ME
iy )
13.3.9 10 pin control

The I?2S needs three pins for transfer operation, namely, the SD, WS and CK. The MCLK pin is also
required if there is a need to provide main clock for peripherals. Considering the SPI interface cannot
be used as I1°S and SPI at the same time, the 1S shares some pins with SPI, described as follows:

® SD: Serial data (mapped on the MOSI pin) for bidirectional data transmission and reception.

® WS: Word select (mapped on the CS pin) for data control signal output in master mode, and
input in slave mode.

® CK: Communication clock (mapped on the SCK pin) as clock signal output in master mode, and
input in slave mode.

® MCLK: Master clock (mapped independently) is used to provide main clock for peripherals. The
frequency of output clock signal is set to 256x Fs (audio sampling frequency)

13.4 SPI registers

These peripheral registers must be accessed by or words (32 bits).

Table 13-2 SPI register map and reset value

Register Offset Reset value
SPI_CTRL1 0x00 0x0000
SPI_CTRL2 0x04 0x0000
SPI_STS 0x08 0x0002
SPI_DT 0x0C 0x0000
SPI_CPOLY 0x10 0x0007
SPI_RCRC 0x14 0x0000
SPI_TCRC 0x18 0x0000
SPI_I2SCTRL 0x1C 0x0000
SPI_I2SCLKP 0x20 0x0002
13.4.1 SPI control registerl (SPI_CTRL1) (Not used in I1°S mode)
Bit Register Reset value Type Description
Single line bidirectional half-duplex enable
Bit 15 SLBEN 0x0 rw 0: Disabled
1: Enabled
Single line bidirectional half-duplex transmission direction
Bit 14 SLBTD 0x0 rw This bit and the SLBEN bit together determine the data

output direction in “Single line bidirectional half-duplex”
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mode.
0: Receive-only mode
1: Transmit-only mode
RC calculation enable
Bit 13 CCEN 0x0 rw 0: Disabled
1: Enabled
Transmit CRC next
When this bit is set, it indicates that the next data
Bit 12 NTC 0x0 rw transferred is CRC value.
0: Next transmitted data is the normal value
1: Next transmitted data is CRC value
Frame bit num
This bit is used to configure the number of data frame bit
Bit 11 FBN 0x0 rw for transmission/reception.
0: 8-bit data frame
1: 16-bit data frame
Receive-only active
In two-wire unidirectional mode, when this bit is set, it
indicates that Receive-only is active, but the transmit is
not allowed.
0: Transmission and reception
1: Receive-only mode
Software CS enable
When this bit is set, the CS pin level is determined by the
SWCSIL bit. The status of I/0O level on the CK pin is
invalid.
0: Disabled
1: Enabled
Software CS internal level
This bit is valid only when the SWCSEN is set. It
determines the level on the CS pin.
In master mode, this bit must be set.
0: Low level
1: High level
LSB transmit first
This bit is used to select for MST transfer first or LSB
Bit 7 LTF 0x0 rw transfer first.
0: MSB
1: LSB
SPIl enable
Bit 6 SPIEN 0x0 w 0: Disabled
1: Enabled
Master clock frequency division
In master mode, the peripheral clock divided by the
prescaler is used as SPI clock. The MDIV[3] bit is in the
SPI_CTRL2 register, MDIV[3: 0]:
0000: Divided by 2
0001: Divided by 4
0010: Divided by 8
0011: Divided by 16
0100: Divided by 32
0101: Divided by 64
0110: Divided by 128
0111: Divided by 256
1000: Divided by 512
1001: Divided by 1024
Master enable
Bit 2 MSTEN 0x0 rw 0: Disabled (Slave)
1: Enabled (Master)
Clock polarity
Indicates the polarity of clock output in idle state.
0: Low level
1: High level
Bit 0 CLKPHA 0x0 rw Clock phase

Bit 10 ORA 0x0 rw

Bit 9 SWCSEN 0x0 rw

Bit 8 SWCSIL 0x0 rw

Bit5: 3 MDIV 0x0 rw

Bit 1 CLKPOL 0x0 rw
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0: Data capture starts from the first clock edge
1: Data capture starts from the second clock edge

Note: The SPI_CTRL1 register must be 0 in I’'S mode.
13.4.2 SPI control register2 (SPI_CTRL2)

Bit

Register

Reset value

Type

Description

Bit 15: 10

Reserved

0x00

resd

Forced to 0 by hardware.

Bit 9

MDIV3EN

0x0

Master clock frequency divided by 3 enable
0: Disabled
1: Enabled

Note: When this hit is set, the MDIV[3: 0] becomes
invalid, and the SPI clock is forced to be PCLK/3.

Bit 8

MDIV[3]

0x0

Master clock frequency division
Refer to the MDIV[2: 0] of the SPI_CTRL1 register.

Bit 7

TDBEIE

0x0

Transmit data buffer empty interrupt enable
0: Disabled
1: Enabled

Bit 6

RDBFIE

0x0

Receive data buffer full interrupt enable
0: Disabled
1: Enabled

Bit 5

ERRIE

0x0

Error interrupt enable

This bit controls interrupt generation when errors occur
(CCERR, MMERR, ROERR and TUERR)

0: Disabled
1: Enabled

Bit 4

TIEN

0x0

TI mode enable
0: Tl mode disabled (Motorola mode)
1: TI mode enabled (Tl mode)

Note: This mode is not used in 12S mode. It must be 0 in
I12S mode.

Bit 3

Reserved

0x0

resd

Kept at default value

Bit 2

HWCSOE

0x0

Hardware CS output enable

This bit is valid only in master mode. When this bit is set,
the 1/0 output on the CS pin is low; when this bit is 0, the
I/O input on the CS pin must be set high.

0: Disabled

1: Enabled

Bit 1

DMATEN

0x0

DMA transmit enable
0: Disabled
1: Enabled

Bit 0

DMAREN

0x0

DMA receive enable
0: Disabled
1: Enabled

13.4.3 SPI status register (SPI_STS)

Bit

Register

Reset value

Type

Description

Bit 15: 9

Reserved

0x00

resd

Forced to 0 by hardware

Bit 8

CSPAS

0x0

ro

CS pulse abnormal setting flag
0: CS pulse flag normal
1: CS pulse flag is set abnormally

Note: This bit is used for Tl slave mode. It is cleared by
reading the STS register.

Bit 7

BF

0x0

ro

Busy flag
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0: SPlis not busy.
1: SPl is busy.

Bit 6

ROERR

0x0

ro

Receiver overflow error
0: No overflow error
1: Overflow error occurs.

Bit 5

MMERR

0x0

ro

Master mode error

This bit is set by hardware and cleared by software
(read/write access to the SPI_STS register, followed by
write operation to the SPI_CTRL1 register)

0: No mode error
1: Mode error occurs.

Bit 4

CCERR

0x0

rwOc

CRC error

Set by hardware, and cleared by software.
0: No CRC error

1: CRC error occurs.

Bit 3

TUERR

0x0

ro

Transmitter underload error

Set by hardware, and cleared by software (read the
SPI_STS register).

0: No underload error
1: Underload error occurs.
Note: This bit is only used in I°S mode.

Bit 2

ACS

0x0

ro

Audio channel state

This bit indicates the status of the current audio channel.
0: Left channel

1: Right channel

Note: This bit is only used in IS mode.

Bit 1

TDBE

0x1

ro

Transmit data buffer empty
0: Transmit data buffer is not empty.
1: Transmit data buffer is not empty.

Bit 0

RDBF

0x0

ro

Receive data buffer full
0: Transmit data buffer is not full.
1: Transmit data buffer is full.

13.4.4 SPI data register (SPI_DT)

Bit Register Reset value Type Description
Data value
Bit 15: 0 DT 0x0000 w This register controls read and write operations. When

the data bit is set as 8 bit, only the 8-bit LSB [7: 0] is
valid.

13.4.5 SPICRC register (SPI_CPOLY)

(Not used in I°S mode)

Bit Register Reset value Type Description
CRC polynomial
Bit 15: 0 CPOLY 0x0007 W This register contains the polynomial used for CRC

calculation.
Note: This register is valid only in SPI mode.
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13.4.6 SPIRXCRC register (SPI_RCRC) (Not used in I°S mode)

Bit

Register

Reset value

Type

Description

Bit 15: 0

RCRC

0x0000

ro

Receive CRC

When CRC calculation is enabled, this register contains
the CRC value computed based on the received data.
This register is reset when the CCEN bit in the
SPI_CTRLA1 register is cleared.

When the data frame format is set to 8-bit data, only the
8-bit LSB ([7: 0]) are calculated based on CRC8
standard; when 16-bit data bit is selected, follow CRC16
standard.

Note: This register is only used in SPI mode.

13.4.7 SPITxCRC register (SPI_TCRC)

Bit

Register

Reset value

Type

Description

Bit 15: 0

TCRC

0x0000

ro

Transmit CRC

When CRC calculation is enabled, this register contains
the CRC value computed based on the transmitted data.
This register is reset when the CCEN bit in the
SPI_CTRLA1 register is cleared.

When the data frame format is set to 8-bit data, only the
8-bit LSB ([7: 0]) are calculated based on CRC8
standard; when 16-bit data bit is selected, follow CRC16
standard.

Note: This register is only used in SPI mode.
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13.4.8 SPI_I2S register (SPI_I2SCTRL)

Bit Register Reset value Type Description
Bit 15: 12 Reserved 0x0 resd Forced to 0 by hardware.
I2S mode select
Bit 11 [2SMSEL 0x0 w 0: SPI mode
1: 12S mode
I2S enable
Bit 10 I2SEN 0x0 rw 0: Disabled
1: Enabled

I2S operation mode select
00: Slave transmission
Bit9: 8 OPERSEL 0x0 rw 01: Slave reception
10: Master transmission
11: Master reception
PCM frame synchronization
This bit is valid only when the PCM standard is used.
0: Short frame synchronization
1: Long frame synchronization
Bit 6 Reserved 0x0 resd Kept at default value
I°S standard select
00: Philips standard
Bit 5: 4 STDSEL 0x0 rw 01: MSB-aligned standard (left-aligned)
10: LSB-aligned standard (right-aligned)
11: PCM standard
12S clock polarity
This bit indicates the clock polarity on the clock pin in idle
Bit 3 [2SCLKPOL 0x0 rw state.
0: Low
1: High
I2S data bit num
00: 16-bit data length
Bit 2: 1 [2SDBN 0x0 rw 01: 24-bit data length
10: 32-bit data length
11: Not allowed.
I2S channel bit num
This bit can be configured only when the I°S is set to 16-

Bit 7 PCMFSSEL 0x0 rw

Bit 0 [2SCBN 0x0 rw bit data; otherwise, it is fixed to 32-bit by hardware.
0: 16-bit wide
1: 32-bit wide

13.4.9 SPI _I12S prescaler register (SPI_12SCLKP)

Bit Register Reset value Type Description

Bit 15: 12 Reserved 0x0 resd Forced 0 by hardware.
I2S Master clock output enable

Bit 9 [2SMCLKOE 0x0 rw 0: Disabled
1: Enabled
Odd factor for I12S division

Bit 8 [2SODD 0x0 rw 0: Actual divider factor =12SDIV*2
1: Actual divider factor =(12SDIV*2)+1

Bit 11: 10 I°S division .

Bit 7: 0 12SDIV 0x02 rw g]|s1not allowed to configure 12SDIV[9: 0]=0 or 12SDIVI[9:
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14 Timer

AT32F423 timers include basic timers, general-purpose timers, and advanced timers.
Please refer to Section 14.1 ~ Section 14.5 for detailed function modes. All functions of different timers

are shown in the following tables.

Table 14-1 TMR functional comparison

PWM

- . Counter Count . Capture/compare . ETR Break
Timer type Timer . Repetition Prescaler input . .
bit mode requests channel input input
mode
Advanced- Up
control TMR1 16 Down 16-bit 1~65536 O 4 o 0] 0]
timer Up/Down
Up
TMR2 16/32 Down X 1~65536 4 0] 0] X
Up/Down
Up
TMR3 16 Down X 1~65536 4 0] 0] X
TMR4 Up/Down
General- Up
purpose TMR9
timer 16 Down  8-bit 1~65536 2 o) X o)
TMR12 Up/Down
TMR10
TMR11 Up
16 Down  8-bit 1~65536 1 X X o)
TMR13 Up/Down
TMR14
TMR6
Basic timer 16 Up X 1~65536 X X X X
TMR7
Timer . Counter Count PWM Single Complementary Dead- !Encoder In_terfacmg Linkage
Timer . pulse . interface  with hall .
type bit mode output output time X peripheral
output connection sensors
Advanced- Up Timer L
control  {TMR1 16 Down O o} o) o) 0 0 synchronization
timer Up/Down /ADC
Up Timer
TMR2 16/32 Down O o] X X o) o) synchronization
Up/Down /ADC/DAC
Up Timer
TMR3 16 Down o o X X 0 0 synchronization
TMR4 Up/Down /ADC/DAC
General-
purpose Up Timer
time TMR9 Down 0 0 1) o o X synchronization
TMR12 Up/Down ADC/DAC
TMR10
Up )
TMR11 Timer
TMR13 Down O o O O X X synchronization
Up/Down
TMR14
i TMR6
Eas'c 16 Up X X X X X X ADC/DAC
imer TMR7
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14.1 Basic timer (TMR6 and TMR?7)
14.1.1 TMRG6 and TMRY introduction

Basic timers (TMR6 and TMR7) include a 16-bit up counter and the corresponding control logic, without
being connected to external 1/0s. They can be used for basic timing function.

14.1.2 TMR6 and TMR7 main features

® 16-bit auto reload upcounter

® 16-bit prescaler used to divide the TMR_CLK clock frequency by any factor between 1 and
65536

® Synchronization circuit to trigger the DAC (unique features of TMR6 and TMRY7)

Figure 14-1 Basic timer block diagram
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14.1.3 TMR6 and TMR7 function overview

14.1.3.1 Counting clock

The counter c