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Copyright & Disclaimer

The information herein is the exclusive property of Unicmicro (Guangzhou) Co., Ltd.
(hereinafter referred to as Unicmicro). No part of this document may be copied,
transmitted or transcribed without prior written permission of Unicmicro. Unicmicro
makes no warranty, either express, implied or statutory, regarding the information set
forth herein, and shall not be liable for any direct or indirect loss in connection with or
arising out of the performance or use of this document or any information on the
products herein. In addition, the product specifications and information given in this
document are for reference only, and are subject to change without prior notice.

1. The information regarding circuit, software, etc. provided in this document is intended
only to illustrate examples of operation and application of semiconductor products.
Users are solely responsible for applying such information in the design of their
devices. Unicmicro shall not be liable to recipient or any third party for any damages
arising out of the furnishing, performance or use of the aforementioned information.

2. In the course of preparing the information herein, Unicmicro has tried to exercise
reasonable care, however, does not guarantee that such information is accurate.
Unicmicro assumes no liability for any consequences resulting from errors or
omissions in the information herein.

3. Unicmicro will not take responsibility for any infringement of patents, copyrights or
other intellectual property rights of third parties resulting from the use of Unicmicro
products or technical information herein. Nothing contained in this document shall be
construed as granting any license or authorization, express, implied or otherwise, to
the patents, copyrights or other intellectual property rights of Unicmicro or others.

4. The application of Unicmicro products referred in this document shall be within the
range specified by Unicmicro, especially within the ranges of maxing ratings, supply
operating voltage, thermal radiation characteristics, installation conditions, and other
product characteristics. Unicmicro shall not be responsible for any failure or loss
arising from the use of its products outside the above specified ranges.

5. Although Unicmicro has been committed to improving the quality and reliability of its
products, semiconductor products with their own characteristics have a certain
incidence of failure and the possibility of failure under certain conditions of use. In
addition, none of Unicmicro products are designed to be radiation-proof, so to avoid
potential damage from product failure or fire resulting in personal accidents, injuries
or damages, be sure to take protective measures such as hardware and software
safety design (including but not limited to redundant design, fire control and failure

prevention, etc.), proper aging treatment or other appropriate measures, etc.
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1 Documentation Conventions

1.1 List of Abbreviations for Registers

The following abbreviations are used in register descriptions:

Read/write (R/W) Software can read and write to this bit.

Read-only (R) Software can only read this bit.

) Software can only write to this bit, and reading this bit
Write-only (W)
returns the reset value.

. Software can read as well as clear this bit by writing 1.
Read/clear write 1 (R/W1C)
Writing 0 has no effect on the bit value.

) Software can read as well as clear this bit by writing 0.
Read/clear write 0 (R/WOC)

Writing 1 has no effect on the bit value.

1.2 Glossary
This section outlines the definitions of acronyms and abbreviations used in this document:
® |n this document, the Cortex-M4 core with FPU is referred to as Cortex-M4F.

® The CPU core integrates two debug ports:

> JTAG debug port (JTAG-DP) provides a 5-pin standard interface based on the joint

test action group (JTAG) protocol.

> SWD debug port (SWD-DP) provides a 2-pin (clock and data) interface based on the

serial wire debug (SWD) protocol.
® Word: Data/instruction of 32-bit length
® Half-word: Data/instruction of 16-bit length
® Byte: Data of 8-bit length

® Double-word: Data of 64-bit length
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IAP (in-application programming): IAP is the ability to re-program the Flash memory of a

microcontroller while the user program is running.

ICP (in-circuit programming): ICP is the ability to program the Flash memory of a
microcontroller using the JTAG protocol, the SWD protocol or the bootloader while the

device is mounted on the user application board.

[-Code: this bus connects the instruction bus of the CPU core to the Flash memory

instruction interface. Prefetching can be performed via this bus.

D-Code: this bus connects the D-Code bus (literal load and debug access) of CPU to the

Flash memory data interface.

Option byte: production configuration bits stored in the Flash memory
OBL: option byte loader

AHB: Advanced high-performance bus

CPU: Cortex-M4F

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 2
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2 Product Introduction

2.1 Overview

The UM324xF series are general microprocessor chips based on the ARM® Cortex® -M4 core
with high performance and low power. The M4 core implements a full set of DSP (digital signal
processing) instructions and features a floating-point unit (FPU) and a memory protection unit
(MPU). The maximum system clock frequency is 204MHz (240MHz in boost mode). It features
an integrated FLASH memory with a maximum capacity of 512KB, SRAM with a maximum
capacity of 160KB, and DMA SRAM with a capacity of 32KB. The chips operate at a wide
supply voltage of 1.8 V to 3.6 V and are available in the industrial temperature range from -

40°C to 105°C.

The UM324xF series chips feature a rich set of peripherals, including: 1 x USB full-speed
device interface, 1 x SDIO/SD/eMMC interface, 1 x 10/100M/1000M Ethernet interface, 1 x
external high-speed memory interface (EMC), 2 x 12-bit high-speed ADCs, 2 x 12-bit DACs, 1
x integrated temperature sensor, 3 x comparators, 2 x operational amplifiers, 2 x USARTSs, 6 x
UARTSs, 4 x SPI interfaces, 3 x 12C interfaces, 2 x 12S interfaces, 2 x watchdog timers, 2 x CAN
bus interfaces, 1 x QSPI interface, 14 x counters/timers (including advanced controllers and
general-purpose timers), 1 x low-power UART (LPUART), 2 x low-power timers (LPTIMx), 1 x
32-bit RTC clock and counter, up to 82 general-purpose input/output (GPIO) channels, digital
camera interface (DCMI) and 18080 LCD display interface, integrated hardware CORDIC
module (supporting sin, cos, arctan, square root, multiplication, and division), built-in
encryption/decryption engine (including AES, SHA, etc.), 1 x random number generator (RNG)

that can produce random keys.
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Applications:

® Motor

® QR code recognition

® |Intelligent door lock

® Gateway

® Printer

® Sensor hub

® |oT, etc.

2.2 Main Features

® ARM Cortex™-M4F core with high performance

>

>

>

>

Main frequency up to 204 MHz (240 MHz in boost mode)

Memory protection unit (MPU)

16 programmable interrupt priority levels

IEEE 754 compliant FPU

DSP instruction extension with hardware divider and 32-bit single-cycle hardware
multiplier

512 KB Flash and 160 KB SRAM + 4 KB backup SRAM + 32 KB SRAM2

Two DMA controllers with 16 channels in total

Online debugging using SWD/JTAG protocol

® Bootloader

>

Supporting ISP and IAP for Flash memory

® Flexible clock source

>

>

>

V1.9.1

External crystal input: 1 MHz-48 MHz
Internal 48 MHz RCH oscillator
Internal 32 kHz RCL oscillator
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> Internal PLL (supporting integer-N, fractional-N and spread spectrum modes)
» External 32.768 kHz XTL and 32 kHz RTC
® Analog peripherals
» 2 x 12-bit successive ADCs with 16 external channels, supporting single-ended and
differential inputs
» 2 x12-bit 1 Msps DACs with buffer
> 3 xanalog comparators (ACMP)
> 2 x operational amplifiers (OPA) available in PGA or comparator mode
> Internal voltage reference (VREF)
> Internal temperature sensor (TS)
® Hardware acceleration co-processor
> CORDIC co-processor supports functions as follows: 77 * SIN & m - c0s8 atan2(V, X),
X+ yz’ y-x y/x sinhw coshw tanh~ 1(y/x)’ In(X), \/;C,etc.
® Rich communication interface
» 6 x UARTSs (up to 10.5 Mbps) supporting IrDA
» 2 x USARTSs supporting UART / SPI / IrDA / LIN
» 1 xLPUART
> 3 x12Cs (up to 1 Mbps), SMBus compliant
» 2 x12S, supporting I12S / PCM standard
» 4 x general-purpose SPIs
> 1xQSPI
» 2 x CAN industrial buses, CAN2.0B compliant
» 1x 48 MHz SDIO/SD/eMMC interface
> 1x10/100/1000 M Ethernet RGMII/RMII/MII interface

> 1 x full-speed USB20 device interface (with PHY)
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® External memory interface
» 1 x EMC high-speed memory controller, interface with SRAM/NOR Flash
® Encryption engine
» Supporting AES 128/256
» Supporting SHA 256
> Arandom number generator (RNG) can generate random key.
® Timer
> 2 x 32-bit advanced timers (eQCT™: TIMO and TIM7), including a 32-bit auto-reload
counter and a programmable prescaler, supporting input capture, output compare,
PWM output (complementary PWM with dead-time insertion) Each advanced timer
supports 4 PWM outputs; 8 PWM outputs in total.
> 10 x 32-bit general timers (TIM1-4, TIM8-13), each with 4 PWM outputs, 40 PWM
outputs in total
> 2 x 32-bit basic timers (TIM5 and TIM6)
> 2 x 16-bit low-power timers (LPTIM0-1), with 2 PWM outputs in total
» 1 x 24-bit SysTick timer
® Real-time clock (RTC)
> Calendar (with seconds, minutes, hours, weekday, date, month and year in BCD
format), and calibration supported
® GPIO
> Upto 82 GPIOs
» 581/0s with 5-V tolerant capability
® Video interface
» Interface with TFT LCD modules, supporting Intel 8080 mode

> Digital camera interface (DCMI)
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® Power Management

>

>

>

>

Low-power modes: Sleep, Stop, Standby and DeepStandby

Born-out reset (BOR) and low-voltage detection (LVD), with under-voltage interrupt
and forced reset generated from two sets of detection points respectively

Power-on reset (POR) and power-down reset (PDR)

Integrated power management unit (PMU)

® Electrical characteristics

» Operating voltage: 1.8-3.6 V
> Operating temperature: -40-+105°C
® Security

» Anti-copy board to prevent programs in eFlash from being pirated

>

>

V1.9.1

CRC16-CCITT / CRC32 hardware accelerator

128-bit UUID
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Memory and Bus Architecture

3

3.1

Memory and Bus Architecture

System Architecture

The main system consists of 32-bit multilayer AHB bus matrix that interconnects:

® 8 masters:

>

>

>

Cortex™-M4F core I-bus, D-bus and S-bus
DMAO

DMA1

SDI0O DMA

Ethernet DMA

DCMI controller DMA

® 12 slaves:

>

>

V1.9.1

FLASH NVR

Internal Flash memory on I-code bus
Internal Flash memory on D-code bus
Main internal SRAMO (128 KB)
Auxiliary internal SRAM1 (32 KB)
DMA SRAM2 (32 KB)

AHBO peripheral

AHB1 peripheral

AHB2APB1 peripheral

AHB2APB?2 peripheral

EMC peripheral

QSPI

Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd.
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3.2 Bus Architecture Diagram

Core

512kB 128KB 32kB 32KB 4KB GPIO
FLASH SRAM2 EMC QsPI SDIO

SRAMO SRAM1 BKSRAM (A~H)

(DMA)
/D Cache

e r r ¢ 1 [ @ [ T 1

‘ 32-bit AHB Bus ‘

| | L7 L1 1 1

==
==

poBFS EMAC DMAO DMA1 Cordic SHA AES CRC DCMI
vice
‘ AHB2APB Bridge 0 ‘ ‘ AHB2APB Bridge 1 ‘ ‘ AHB2APB Bridge 2 ‘ AHB2APB Bridge 3 o
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h— AN
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o
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4—} - Temp Sensor
TIM11-13 K—)
- Voltage Reference
RTC ()

Figure 3-1: Bus Architecture Diagram

3.3 Memory Mapping

Program memory, data memory, registers and 1/0O ports are organized within the same linear

4-GB address space.

The bytes are coded in memory in little-endian format. The lowest numbered byte in a word is
considered the word’s least significant byte and the highest numbered byte the most

significant.
For the detailed mapping of peripheral registers, please refer to the related chapters.

All the memory map areas that are not allocated to on-chip memories and peripherals are

considered “reserved”.
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Reserved 0x4701_0000 - 0x470F_FFFF
UARTO 0x4700_F000 - 0x4700_FFFF
1251 0x4700_E00O - 0x4700_EFFF
1250 0x4700_D00O - 0x4700_DFFF
USART? 0x4700_C000 - 0x4700_CFFF
TIMLO 0x4700_B00O - 0x4700_BFFF
TIM9 0x4700_A00O - 0x4700_AFFF
TIV8 0x4700_9000 - 0x4700_OFFF
Reserved 0x4700_8000 - 0x4700_8FFF
ADCCL 0x4700_7000 - 0x4700_7FFF
a ADCCO 0x4700_6000 - 0x4700_6FFF
a TIM7 0x4700_5000 - 0x4700_SFFF
< TIMO 0x4700_4000 - 0x4700_4FFF
Reserved 0x4700_3000 - 0x4700_3FFF
SPI3 0x4700_2000 - 0x4700_2FFF
SPI2 0x4700_1000 - 0x4700_1FFF
SPIL 0x4700_0000 - 0x4700_OFFF
Reserved 0x4601_0000 - 0x460F_FFFF
TIML3 0x4600_F000 - 0x4600_FFFF
TIML2 0x4600_E000 - 0x4600_EFFF
OXE010_0000 - OXFFFF_FFFF [ Resened Reserved 511MB TIVL 0X1600_ D00 - 0x4600_DFFF
DACC 0x4600_C000 - 0x4600_CFFF
Reserved 0x4600_B800 - 0x4600_BFFF
0XE000_0000 - OXEOOF_FFFF Reserved TIM6 0x4600_B400 - 0x4600_B7FF
0XEO00_E000 - 0XE000_EFFF NVIC 1:&3 gi:zgg—iggg - g’;‘;ggg—iig
gﬁggg,zggg . gﬁgg&g;ﬁg Rez:ged Private Pel’lphefa| TIM3 0x4600_A800 - 0x4600_ABFF
0XE000_1000 - 0XE000_1FFF DWT T™MB 1:% gﬁggg-ﬁgg - gxggg—g ;E
(2E000.0000 - €000 0FFF m 12C2 0x4600_9000 - 0x4600_9FFF
- 12C1 0x4600_8000 - 0x4600_8FFF
o0 12CO 0x4600_7000 - 0x4600_7FFF
o UARTS 0x4600_6000 - 0x4600_6FFF
< UART4 0x4600_5000 - 0x4600_5FFF
UART3 0x4600_4000 - 0x4600_4FFF
UART2 0x4600_3000 - 0x4600_3FFF
Reserved 0x4600_2000 - 0x4600_2FFF
SPIO 0x4600_1000 - 0x4600_1FFF
Reserved 0x4600_0000 - 0x4600_OFFF
Reserved 0x4550_0000 - Ox45FF_FFFF
CORDIC 0x4540_0000 - 0x454F_FFFF
Reserved 0x4530_0000 - 0x453F_FFFF
SHA 0¥4520_0000 - 0x452F_FFFF
AES 0x4510_0000 - 0x451F_FFFF
0¥6A80_0000 - OXDFFF._FFFF Resared o Reserved 0x4500_2000 - 0x450F_FFFF
0X6A00_0000 - OXGATF_FFFF ENC Reg T GPIOH 0x4500_1C00 - 0x4500_1FFF
0¥6880_0000 - 0XG9FF_FFFF Resenved < Reserved 0x4500_1400 - 0x4500_1BFF
0x6800_0000 - 0x687F_FFFF EMC CSO GPIOE 0x4500_1000 - 0x4500_13FF
0x6610_0000 - 0x67FF_FFFF Reserved GPIOD 0x4500_0CO00 - 0x4500_OFFF
0x6600_0000 - 0X660F_FFFF Resened GPIOC 0x4500_0800 - 0x4500_0BFF
0x6400_0000 - 0X65FF_FFFF Reserved GPIOB 0x4500_0400 - 0x4500_07FF
0x6000_0000 - 0X63FF_FFFF EMC D GPIOA 0x4500_0000 - 0x4500_03FF
gﬁ;égfgggg - g:;gsiiii Re::B“;d Peripheral 2.5GB Reserved 0X40E0_5000 - OX40EF_FFFF
0x4610 0000 - OX46FF FFFF Reserved Cachel Reg OX40E0_4000 - 0X40E0_4FFF
0x4600 0000 - 0X460F FFFF APBL Cache0 Reg 0X40E0_3000 - 0X40E0_3FFF
0x4500_0000 - 0X45FF_FFFF AHBL QSPIReg 0xX40E0_2000 - 0X40E0_2FFF
0x4100_0000 - 0x44FF_FFFF Resenved CAN1 0X40EQ_1000 - 0X40EQ_1FFF
0¥4000_0000 - 0X40FF_FFFF AHBO CANO 0x40EO_0000 - 0X40E0_OFFF
Reserved 0x40BO_E000 - 0x40BF_FFFF
TRNG 0x40B0_DOOO - 0x40BO_DFFF
Reserved 0x40B0_B00O - 0x40B0_CFFF
LPTIML 0x40BO_ADOO - 0X40BO_AFFF
LPTIMO 0x40BO_9000 - 0x40BO_9FFF
Reserved 0x40BO_8000 - 0x40BO_8FFF
LPUART4 0x40BO_7000 - 0x40B0_7FFF
WDT 0x40BO_6000 - 0x40BO_6FFF
WWDT 0x40BO_5000 - 0x40BO_SFFF
USART6 0x40BO_4000 - 0x40BO_4FFF
UARTL 0x40BO_3000 - 0x40BO_3FFF
SYSCFG 0x40BO_2000 - 0x40BO_2FFF
- RCM 0x40BO_1000 - 0x40BO_1FFF
0x3D00_0000 - 0OX3FFF_FFFF Resenved PMU 0x40B0_0100 - 0x40B0_OFFF
0X3CFF_FCO0 - 0X3CFF_FFFF QSPI Cache Reg RTC 0x40BO_0000 - 0x40BO_OOFF
0x3CFF_FF00 - 0X3CFF_F7FF QSPI Cache Memory e
0x3800_0000 - 0x3CFF_FEFF QSPI Reserved 0x40F0_0000 - OX40FF_FFFF
APB3 0x40E0_0000 - OX40EF_FFFF
Reserved 0x40D0_0000 - 0x40DF_FFFF
0x2002_8000 - 0X37FF_FFFF Resened o BKSRAM 0X40C0_0000 - 0X40CF_FFFF
0x2002_0000 - 0x2002_7FFF SRAM SRAM 0.5GB o APBO 0x40B0_0000 - 0x40BF_FFFF
0x2000_0000 - 0x2001_FFFF SRAM T CRC 0x40A0_0000 - 0X40AF_FFFF
< USBFS 0x4090_0000 - 0409F_FFFF
0x0808_0000 - OXLFFF_FFFF Resened DMA1 Reg 0x4080_0000 - 0x408F_FFFF
0x0800_0000 - 0x0807_FFFF Main Flashl DMAO Reg 0x4070_0000 - 0x407F_FFFF
0¥0400_4000 - 0X07FF_FFFF Resened Reserved 0x4060_0000 - 0X406F_FFFF
0x0400_2000 - 0x0400_3FFF OTP Zone SDIO Reg 0x4050_0000 - 0x405F_FFFF
0X0400_0000 - 0x0400_1FFF Option Zone CODE 0.5GB Resorved 0x4030_0000 - 0x404F_FFFF
0X0008_0000 - 0X03FF_FFFF Resened DCMIReg 0x4020_0000 - 0x402F FFFF
0X0008_0000 - 0X000F_FFFF Main Flash2 EMAC Reg 0x4010_0000 - 0x401F_FFFF
0x0000_0000 — 0x0007_FFFF | _Main Flash1 /Boot Memory/ SRAM EFC Reg 0x4000_0000 - 0x400F_FFFF

Figure 3-2: Memory Address Mapping

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 10
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Table 3-1: Memory Remapping Address

Block / Module Boundary Address Size
0x0000_0000-0x0007_FFFF

Main FLASH 1 512 KB
0x0800_0000-0x0807_FFFF

SRAMO 0x2000_0000-0x2001_FFFF 128 KB

SRAM1 0x2002_0000-0x2002_7FFF 32 KB

SRAM2 (DMA) 0x2002_8000-0x2002_FFFF 32 KB

EMC_D 0x6000_0000—-0x63FF_FFFF 16 MB

EMC_CSO 0x6800_0000-0x687F_FFFF 8 MB

EMC_Config 0x6A00_0000-0x6A7F_FFFF 8 MB
0x0008_0000-0x03FF_FFFF

QSPI 16 MB
0x3800_0000-0x3CFF_FFFF

QSPICACHE_DATA_MEM 0x3CFF_FO00-0x3CFF_F7FF =

QSPICACHE_TAG_MEM 0x3CFF_F800-0x3CFF_FBFF -

QSPICACHE_REG 0x3CFF_FC00-0x3CFF_FFFF -

Table 3-2: Memory Mapping Address

Block / Module Boundary Address
EFC 0x4000_0000-0x400F_FFFF
EMAC 0x4010_0000-0x401F_FFFF
DCMI 0x4020_0000-0x402F_FFFF
SDIO 0x4050_0000-0x405F_FFFF
AHBO peripheral DMAO 0x4070_0000-0x407F_FFFF
DMA1 0x4080_0000-0x408F_FFFF
USB FS device 0x4090_0000-0x409F_FFFF
CRC 0x40A0_0000-0x40AF_FFFF
BKSRAM 0x40C0_0000-0x40CF_FFFF
GPIOA 0x4500_0000-0x4500_03FF
GPIOB 0x4500_0400-0x4500_07FF
GPIOC 0x4500_0800-0x4500_0BFF
GPIOD 0x4500_0C00-0x4500_0FFF
AHB1 peripheral GPIOE 0x4500_1000-0x4500_13FF
GPIOH 0x4500_1C00-0x4500_1FFF
AES 0x4510_0000-0x451F_FFFF
SHA 0x4520_0000-0x452F_FFFF
CORDIC 0x4540_0000-0x454F_FFFF
AHB2APBO bridge RTC 0x40B0_0000-0x40B0_00FF

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd.

11




UM324xF User Manual Memory and Bus Architecture

Block / Module Boundary Address
PMU 0x40B0_0100-0x40B0_OFFF
RCM 0x40B0_1000-0x40B0_1FFF
SYSCFG 0x40B0_2000-0x40B0_2FFF
UART1 0x40B0_3000-0x40B0_3FFF
USART6 0x40B0_4000-0x40B0_4FFF
WWDT 0x40B0_5000—-0x40B0_5FFF
IWDT 0x40B0_6000—-0x40B0_6FFF
LPUART 0x40B0_7000-0x40B0_7FFF
LPTIMO 0x40B0_9000-0x40B0_9FFF
LPTIM1 0x40B0_A000-0x40B0_AFFF
RNG 0x40B0_D000-0x40B0_DFFF
SPIO 0x4600_1000-0x4600_1FFF
UART2 0x4600_3000-0x4600_3FFF
UART3 0x4600_4000-0x4600_4FFF
UART4 0x4600_5000-0x4600_5FFF
UART5 0x4600_6000-0x4600_6FFF
12CO 0x4600_7000-0x4600_7FFF
AHB2APBT bridge 12C1 0x4600_8000-0x4600_8FFF
12C2 0x4600_9000-0x4600_9FFF
TIM1-4 0x4600_A000-0x4600_AFFF
TIM5-6 0x4600_B000—-0x4600_BFFF
DAC 0x4600_C000-0x4600_CFFF
TIM11 0x4600_D000-0x4600_DFFF
TIM12 0x4600_E000-0x4600_EFFF
TIM13 0x4600_FO000-0x4600_FFFF
SPI1 0x4700_0000-0x4700_0FFF
SPI2 0x4700_1000-0x4700_1FFF
SPI3 0x4700_2000-0x4700_2FFF
TIMO 0x4700_4000-0x4700_4FFF
TIM7 0x4700_5000-0x4700_5FFF
AHB2APB?2 bridge ADCO 0x4700_6000-0x4700_6FFF
ADC1 0x4700_7000-0x4700_7FFF
TIM8 0x4700_9000-0x4700_9FFF
TIM9 0x4700_A000-0x4700_AFFF
TIM10 0x4700_B000-0x4700_BFFF
USART7 0x4700_C000-0x4700_CFFF

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 12
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Block / Module Boundary Address
12S0 0x4700_D000—-0x4700_DFFF
1281 0x4700_E000-0x4700_EFFF
UARTO 0x4700_FO000-0x4700_FFFF
CANO 0x40E0_0000-0x40EO_OFFF
CAN1 0x40EQ0_1000-0x40EQ_1FFF
AHB2APB3 bridge QSPI 0x40E0_2000-0x40EQ_2FFF
EFC ICache 0x40EO0_3000-0x40EO0_3FFF
EFC DCache 0x40EQ_4000-0x40EQ_4FFF

V1.9.1

Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd.

13




UM324xF User Manual Memory System

4 Memory System

4.1 FLASH

411 Overview

The Flash memory module features the capacity of up to 512 KB, and the Flash controller (EFC)

performs read, write, erase and other operations on EFlash with the cooperation of CPU.

41.2 Main Features

® 8/16/32-bit Flash memory read operation, 32-bit Flash memory program operation

® On-chip Flash with a capacity of 512 KB has é4 pages in total, each of 8 KB

® Page and chip erase

® Flash controller supports continuous programming, saving time when programming data
into a 512-byte aligned memory.

® Configurable read waiting time

® FErase/write protection

® Automatic bus locking

® Automatic read-back verification after programming

® OTP (one-time programmable) area

® |[nstruction and data cache

4.1.3  Functional Description
Flash controller can perform read, write, erase and other operations.

It requires a frequency greater than 1 MHz for erasing. The user shall configure the EFC_TIME

register according to the actual operating frequency.

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 14
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Flash can be programmed with 32-bit wide data, which shall be unlocked before

programming.

Flash controller supports continuous programming, saving time when programming data into
a 512-byte aligned memory. Continuous programming shall be performed on memory other

than this Flash.

The controller features erase verification function that can automatically check whether all

data bits in the Flash are changed to 1 in page erase and mass erase modes.

41.3.1 Flash Bank 1 Address Mapping

0x0400_3FFF
OTP area
0x0400 2000
0x0400_1FFF
User area
0x0400_0000
0x0007_FFFF
FLASH main
area
0x0000_0000

Figure 4-1: EFC Memory Address Mapping

4.1.3.2 User Option Bytes

The address range 0x0400_0000 to 0x0400_1FFF is designated as the user option page, where

some addresses have special functions, as described in the following table:

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 15
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Table 4-1: EFC Special Feature Address Description

Name

Address

Bit
Width

Content

WRITE_PROTECT &
IWDT_HW_START

0x04001FAO

32 bits

Pages in the specified numbering interval (0-
63) in the Flash main area are prohibited from
being erased.

Bit [31:24]:

Ab: Write protection activated

Others: Write protection not activated

Bit [23:14]: Reserved

Bit [13:8]: Ending number of specified
protection page

Bit [7:6]: Reserved

Bit [5:0]: Starting number of specified

protection page

DEBUG_DISABLE

0x04001FBO

8 bits

Disable JTAG or SWG debug port operation:
OxAB: debug port disabled, JTAG will not be
recognized

Others: debug port operation not disabled

41.3.3 One-time Programmable (OTP) Area
Table 4-2: OTP Area of EFC
No. | OTP Storage Area Address | Size OTP Lock Control Address | Remarks
0 0x04002000-0x040020FF 256 bytes | 0x04003F80 -
1 0x04002100-0x040021FF 256 bytes | 0x04003F84 -
2 0x04002200-0x040022FF 256 bytes | 0x04003F88 -
3 0x04002300-0x040023FF 256 bytes | 0x04003F8C -
4 0x04002400-0x040024FF 256 bytes | 0x04003F%0 -
5 0x04002500-0x040025FF 256 bytes | 0x04003F94 -
6 0x04002600-0x040026FF 256 bytes | 0x04003F98 -
7 0x04002700-0x040027FF 256 bytes | 0x04003F9C -
8 0x04002800-0x040028FF 256 bytes | 0x04003FAOQ -
9 0x04002900-0x040029FF 256 bytes | 0x04003FA4 -
10 | 0x04002A00-0x04002AFF | 256 bytes | 0x04003FA8 -
11 | 0x04002B00-0x04002BFF | 256 bytes | 0x04003FAC -
12 | 0x04002C00-0x04002CFF | 256 bytes | 0x04003FBO -
13 | 0x04002D00-0x04002DFF | 256 bytes | 0x04003FB4 -
V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 16
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No. | OTP Storage Area Address | Size OTP Lock Control Address | Remarks

14 | 0x04002E00-0x04002EFF 256 bytes | 0x04003FB8 -

15 | 0x04002F00—-0x04002FFF 256 bytes | 0x04003FBC -

16 | 0x04003000-0x040030FF 256 bytes | 0x04003FCO -

17 | 0x04003100-0x040031FF 256 bytes | 0x04003FC4 -

18 | 0x04003200-0x040032FF 256 bytes | 0x04003FC8 -

19 | 0x04003300-0x040033FF 256 bytes | 0x04003FCC -

20 | 0x04003400-0x040034FF 256 bytes | 0x04003FDO Reserved area

21 | 0x04003500-0x040035FF 256 bytes | 0x04003FD4 Reserved area

22 | 0x04003600-0x040036FF 256 bytes | 0x04003FD8 Reserved area

23 | 0x04003700-0x040037FF 256 bytes | 0x04003FDC Reserved area

24 | 0x04003800-0x040038FF 256 bytes | 0x04003FEO -

25 | 0x04003900—-0x040039FF 256 bytes | 0x04003FE4 -

26 | 0x04003A00-0x04003AFF 256 bytes | 0x04003FE8 -

27 | 0x04003B00-0x04003BFF 256 bytes | 0x04003FEC Reserved area

28 | 0x04003C00-0x04003CFF 256 bytes | 0x04003FFO Reserved area

29 | 0x04003D00-0x04003DFF | 256 bytes | 0x04003FF4 Reserved area

30 | 0x04003E00-0x04003EFF 256 bytes | 0x04003FF8 -

31 | 0x04003F00-0x04003F7F 128 bytes | - Reserved area

32 | 0x04003F80-0x04003FFF 128 bytes | - OTP lock
control address

Notes:

® Programming the first byte of the lock control address to 8’h00 locks the corresponding

® The OTP area is not erasable.

4.1.4

Register base address: 0x4000_0000

The registers are listed below:

Register Description

storage area so that it cannot be programmed.

Table 4-3: List of EFC Registers

Offset Address Name Description
0x00 EFC_CTRL Control register
0x04 EFC_TIME Timing register
0x08 EFC_SEC Security operation register
V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 17
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Offset Address Name Description

0x0C EFC_STATUS Status register

0x10 EFC_INTSTATUS Interrupt status register

0x14 EFC_INTEN Interrupt enable register

0x18 EFC_LPCR Low-power control register
0x1C EFC_ADDRREC Last operation address register

Registers are detailed in the following sections.

4.1.41 Control Register (EFC_CTRL)

Offset address: 0x00

Reset value: 0x0000 0000

Bit Name

Attribute | Reset Value

Description

31:6 | RSV

Reserved

5 ERASEVE

R/W 0x0

Erase verification enable:
1: Enabled
0: Disabled

4 PROGVE

R/W 0x0

Programming verification enable (valid
only in single programming):

1: Enabled

0: Disabled

3 MERASES

R/W 0x0

Mass erase mode (erase all pages in main
memory) selection bit:

1: Selected

0: Not selected

2 PERASES

R/W 0x0

Page erase mode selection bit:
1: Selected
0: Not selected

1 CONPROGS

R/W 0x0

Continuous programming mode selection
bit:

1: Selected

0: Not selected

0 PROGS

R/W 0x0

Single programming mode selection bit:
1: Selected
0: Not selected

Note: Only one of bits 0-3 can be selected.

V1.9.1
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41.4.2

Timing Register (EFC_TIME)

Offset address: 0x04

Reset value: 0x0000 6018

Bit Name Attribute | Reset Value | Description
This register is writable when this field is
31:224 | REGWE |W 0x0 written with A
Please write OXA50XXXXX to this register
once.
23:18 | RSV - - Reserved
17:16 | RECYC R/W 0x0 Waiting time between two reads
Setting bit of read wait cycle, which can be
15:12 | RWAITCYC | R/W 6
larger, refer to the table below.
11:9 | RSV - - Reserved
Erase time scale, please fill in (EFC
operating frequency - 1), in MHz.
80 FREQ RIW " The minimum value is 0, which
corresponds to the minimum frequency of
1 MHz required for erasing.
(Withstand voltage: -10%-+30%)
Table 4-4: Relationship between Read Wait Cycle and Frequency at Vpp = 1.1V
Frequency/MHz Read Wait Cycle
<50 0
50-100 1
100-150 2
150-200 3
200-250 4
250-300 5
4.1.4.3 Security Operation Register (EFC_SEC)

Offset address: 0x08

Reset value: 0x0000 0000

V1.9.1
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Bit | Name Attribute | Reset Value | Description
This register shall be unlocked when
programming/erasing Flash.
Writing 0x55AAAAS5S5 to this register unlocks
it, and after unlocking, reading this register
31:0 | UNLOCK | R/'W 0x0

will yield a value of 1.
Writing any other value will relock it.
The register will also be relocked when

programming/erasing begins.

4.1.4.4  Status Register (EFC_STATUS)

Offset address: 0x0C

Reset value: 0x0000 0001

Bit

Name

Attribute

Reset Value

Description

31:9

RSV

Reserved

VDDS

0x0

VDDH status (LVD) indication bit:
0: Normal status

1: Low voltage warning

7:6

RSV

Reserved

5:4

LPS

0x0

Low-power mode status indication bit:
11: Being in power-down mode

10: Being in sleep mode

01: Operating at low voltage

00: Operating at high voltage

RSV

Reserved

CONPROGRDY

R/W

0x0

Flash continuous programming status

indication bit (writing 0 to this bit can

exit the continuous programming mode):

1: Waiting for the next continuous
programming
0: Not in the state of waiting for the

next continuous programming

RSV

Reserved

RDYS

0x1

Flash status indication bit:
1: Flash being idle
0: Flash being busy

V1.9.1
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4.1.4.5 Interrupt Status Register (EFC_INTSTATUS)

Offset address: 0x10

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

31:4 | RSV - - Reserved

Erase verification failure status bit:

Writing 1 clears this bit. If interrupt is enabled, an
3 EVFS | R/'W1C 0x0 interrupt will be generated.

0: Erase verification failed, not all data in Flash is 1

0: No erase verification failure occurred

Write verification failure status bit:

Writing 1 clears this bit. If interrupt is allowed, an
interrupt will be generated.

2 PVFS R/W1C 0x0
0: Write verification failed, the data in Flash does
not match the written data.

0: No write verification failure occurred

Low VDDH (LVD) interrupt status bit:

Writing 1 clears this bit. If interrupt is enabled, an
1 VDDLS | R/W1C 0x0 interrupt will be generated.

1: Low VDDH (LVD) warning occurred

0: Normal status

Program/erase done interrupt status bit:

Writing 1 clears this bit. If interrupt is enabled, an
0 OPDS | R/W1C 0x0 interrupt will be generated.

1: Program/erase done

0: Program/erase undone

4.1.4.6 Interrupt Enable Register (EFC_INTEN)

Offset address: 0x14

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

31:4 | RSV - - Reserved

Erase verification failure interrupt enable:
3 EVFE | R/IW 0x0 1: Enabled

0: Disabled
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Bit | Name | Attribute | Reset Value | Description
Programming verification failure interrupt
2 PVFE | R/W 0x0 enable:
1: Enabled
0: Disabled
Low VDDH (LVD) interrupt enable:
1 VDDLE | R/W 0x0 1: Enabled
0: Disabled
Programming/erasing done interrupt enable:
0 OPDE | R/W 0x0 1: Enabled
0: Disabled
41.4.7 Low-power Control Register (EFC_LPCR)

Offset address: 0x18

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:24

REGWE

W

0x0

This register is writable when this field is
written with A5.
Please write 0xA500000X to this register once.

23:1

RSV

Reserved

MODES

R/W

0x0

Selection bit for Flash behavior when the
system enters low-power mode:

1: Entering power-down mode

0: Entering sleep mode

Note: In stop mode, both modes can be

selected. In standby mode, it is recommended

to be set as 1.

4.1.4.8

Last Operation Address Register (EFC_ADDRREC)

Offset address: 0x1C

Reset value: 0x0CO7 FFFF

Bit Name Attribute | Reset Value | Description
31:21 | RSV - - Reserved
Record the address of the most recent erase
20:0 ADDR R OxCO7FFFF _
or program operation.
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4.1.5 Operation Procedure

41.5.1 Timing Setting
When using Flash, no matter what operation is performed, it is required to set the EFC_TIME

register first to make the control value in the correct range.

1. Confirm according to the system frequency that the value (system frequency - 1) to be
entered into the FREQ field is correct before using the program, erase, and low-power
mode functions (system frequency is not required to be greater than 1 MHz, just fill in O if

it is lower than 1 MHz).

2. Confirm according to the system frequency that the value to be entered into the
RWAITCYC (Read_Wait_Cycle) is not less than the required value. To increase the system
frequency, the EFC_TIME register shall be modified before increasing the system
frequency; while to decrease the system frequency, the system frequency shall be

decreased before modifying the EFC_TIME register.

3. Writing the EFC_TIME register once requires a combination of writing eigenvalues to the

REGWE (Reg_Wr_Enable) field.

41.5.2 Single Programming

1. Operate _set_ PRIMASK() to disable the general interrupt.

2. Configure the EFC_CTRL register to select single programming mode with the option to

enable programming verification.
3. Unlock the EFC_SEC register and write 0Ox55AAAA55 at a time.
4. Write programming data to the address to be programmed.
5.  Wait for EFC_STATUS[O0] to be idle.

6. Reset the EFC_CTRL register to its default value.
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7. Operate _set_PRIMASK() to enable the general interrupt.

8. Operate the EFC_SEC register to lock the Flash and write 0xX55AA0000 at a time.

4.1.5.3 Continuous Programming

Programming can be carried out multiple times within the range of 512 bytes, and the control

program can be really accelerated only when it is running in memory other than Flash.
1. Configure the EFC_CTRL register to select continuous programming mode.

2. Unlock the EFC_SEC register and write Ox55AAAA55 at a time.

3. Write programming data to the address to be programmed.

4. Repeat steps 2 and 3 as required.

5. Upon completion of the last programming, write 0 to the EFC_STATUS register to end

continuous programming and prevent waiting in continuous programming mode.
6. Reset the EFC_CTRL register to its default value.

7. Operate the EFC_SEC register to lock the Flash and write 0x55AA0000 at a time.

41.5.4 Page Erase

1. Operate __set_ PRIMASK() to disable the general interrupt.

2. Configure the EFC_CTRL register to select page erase mode.
3. Unlock the EFC_SEC register and write Ox55AAAA55 at a time.
4. Write arbitrary data to any address in the page to be erased.
5.  Wait for EFC_STATUS[O0] to be idle.

6. Reset the EFC_CTRL register to its default value.

7. Operate the EFC_SEC register to lock the Flash and write 0x55AA0000 at a time.
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8. Operate _set_PRIMASK() to enable the general interrupt.

4.1.5.5 Mass Erase

Mass erase will erase all pages in the Flash main memory.

1. Operate _set_PRIMASK() to disable the general interrupt.

2. Configure the EFC_CTRL register to select mass erase mode.

3. Unlock the EFC_SEC register and write Ox55AAAA55 at a time.

4. Write arbitrary data to any address in the main memory.

5.  Wait for EFC_STATUS[O0] to be idle.

6. Reset the EFC_CTRL register to its default value.

7. Operate the EFC_SEC register to lock the Flash and write 0xX55AA0000 at a time.

8. Operate _set_PRIMASK() to enable the general interrupt.

4.2 SRAM

4.2.1 Overview

SRAM is mainly used for code running, storing variables and data or stacks during program
execution, with a maximum capacity of 160 KB (including SRAMO with a capacity of 128KB,

supporting 0-wait access) and a maximum address range of 0x2000_0000-0x2002_7FFF.

4.2.2 Main Features

® Read and write access supported by bytes, half-words or full-words

® DMA available
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4.3 CACHE

The cache controller can cache the data fetched from Flash and accelerate the next read for
higher system performance. This cache is divided into instruction cache (I-Cache) with a size
of 4 KB and data cache (D-Cache) with a size of 256 B. The cache controller can cache the
data fetched from Flash and accelerate the next read. It is optionally to enable cache line

prefetch, and the cache area will be automatically initialized when the cache is activated.

4.3.1 Register Description

The instruction and data cache control registers are as follows:
[-Cache (instruction cache) register base address: 0x40E0_3000
D-Cache (data cache) register base address: 0x40E0_4000

The |I-Cache and D-Cache registers are listed below:

Table 4-5: List of Cache Registers

Offset Address Name Description

0x00 CACHE_CTRL Control register
0x04 CACHE_STATUS Status register

0x14 CACHE_HITCNT Hit counter register
0x18 CACHE_MISSCNT Miss counter register

Registers are detailed in the following sections.

4.3.1.1 Control Register (CACHE_CTRL)

Offset address: 0x00

Reset value: 0x0000 0040

Bit Name Attribute Reset Value | Description
31:7 RSV - - Reserved

Statistical counter enable:
6 STATIS_EN R/W 0x1 0: Disabled

1: Enabled
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Bit Name Attribute Reset Value | Description
Prefetch enable:
5 PREFETCH R/W 0x0 0: Disabled
1: Enabled
4:1 RSV - - Reserved
Cache enable:
0 CACHE_EN | R/'W 0x0 0: Disabled
1: Enabled

4.3.1.2 Status Register (CACHE_STATUS)

Offset address: 0x04

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:3 | RSV - - Reserved

2 INV_STATUS R 0x0 Cache being initialized
Cache enable status:
00: Disabled

1:0 CACHE_STATUS | R 00 01: Being enabled
10: Enabled
11: Being disabled

4.3.1.3 Hit Counter Register (CACHE_HITCNT)

Offset address: 0x14

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 HIT_CNT R/W 0x0 Counting cache hits

4.3.1.4 Miss Counter Register (CACHE_MISSCNT)

Offset address: 0x18

Reset value: 0x0000 0000

Bit Name Attribute Reset Value Description
31:0 MISS_CNT R/W 0x0 Counting cache misses
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4.3.2 Use Process

4.3.2.1 Enabling Cache

1. (Optional) Configure the prefetch (CACHE_CTRL[5]) when the cache is not enabled, note

that enabling prefetch may affect the efficiency.
2. Enable the cache (CACHE_CTRLI[0]).

3. Query the cache status (CACHE_STATUS[1:0]) until it is displayed as enabled.

4.3.2.2 Updating Flash Content

If the content stored in Flash is updated after the cache is enabled, inconsistencies will occur

and the cache shall be restarted to empty the cache space.

1. Disable the cache (CACHE_CTRL[O0]).

2. Query the cache status (CACHE_STATUS[1:0]) until it is displayed as disabled.
3. Enable the cache (CACHE_CTRL[O]).

4. Query the cache status (CACHE_STATUS[1:0]) until it is displayed as enabled.
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5 Power Management Unit (PMU)

5.1 Chip Power Supply

The chip is supplied with single power supply and VBAT backup power supply. It requires an

external operating supply voltage between 1.8 V and 3.6 V, and a digital circuit operating

voltage generated by the built-in LDO.

The system power supply scheme is shown below.

VDDA domain

VDDA ADC

DAC
Analog Comparator
OPA
VREF
Temperature Sensor

USB FS PHY }
L

VREFP

VREFN

VSSA

FLASH

VDDH domain

10 Ring ‘ VDDCORE Domain

POR/PD§(EOR/LVD CPU Core

VSS RCH SRAM
Peripherals
VDDH ||

Main Regulator

(MLDO)
Backup Domain
Low Power
Regulator XTL/RCL Backup SRAM
(LPLDO) RTC LPUART
VBAT [ Backup Register LPTIMER
PMU IWDT

Figure 5-1: System Power Supply Scheme
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5.2 Internal PMU Module Function

5.2.1

Introduction to Internal PMU Module

The chip provides different power consumption modes based on application scenarios to

reduce the overall power consumption.

® Run mode

® Sleep mode

® Stop mode

® Standby mode

® DeepStandby mode

The low-power modes and wake-up information are shown in the following table:

Table 5-1: Low-power Modes Summary

Power Mode

Description

Entry Condition

Wakeup Source

All supplies are

powered on, and

Run mode the high-speed
clock remains
active.
All supplies are Wakeup by any GPIO
& PMU_STANDBY_EN = 0, PRy any
powered on, with interrupt
) PMU_MODE[1:0] = 00,
the M4 core high- Wakeup by any
Sleep mode PMU_BKSRAMOFF =0
speed clock off peripheral interrupt
EFC_Sys_Mode =0
and other Wakeup by reset
WFI/WFE
peripherals on. (RESETN, IWDT reset)
Wakeup by any GPIO
PMU_STANDBY_EN =0,
All supplies are interrupt
) PMU_MODE[1:0] = 01,
powered on, with Wakeup by RTC alarm
PMU_BKSRAMOFF = 0
the high-speed interrupt, RTC
Stop mode EFC_Sys_Mode =0 )
clock off and the timestamp and
Set SLEEPDEEP = 1 for
32K low-speed tamper interrrupts
M4 core.
clock on. Wakeup by IWDT
WFI/WFE ]
reset or interrupt
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Power Mode |Description Entry Condition Wakeup Source
4. Wakeup by external
LPUART
5. Wakeup by LPTIMO-1
timing
1. Wakeup by external
pins PAO, PA2, PCO,
. PC2 and PC3
The CORE domain
) 2. Wakeup by RTC alarm
is powered off, the )
o PMU_STANDBY_EN =1, interrupt, RTC
BBU domain is
PMU_MODE[1:0] = 10, timestamp and
kept on, and the .
PMU_BKSRAMOFF =0 tamper interrrupts
Standby0 32K low-speed
] EFC_Sys_Mode =1 3. Wakeup by LPTIM0-1
mode clock remains @
] Set SLEEPDEEP = 1 for timing
active. BKSRAM /
M4 core. 4. Wakeup by LPUART
IWDT / LPTIM /
WFI/WFE (only PC2)
LPUART are
5. Wakeup by IWDT
powered on. .
reset or interrupt
6. Wakeup by reset
(RESETN)
The CORE domain
) 1. Wakeup by external
is powered off, the )
.4 PMU_STANDBY_EN =1, pins of PAO, PA2, PCO,
BBU domain is
PMU_MODE[1:0] = 10, PC2, PC3 and PC13
kept on, and the
PMU_BKSRAMOFF = 1 2. Wakeup by RTC alarm
Standby1 32K low-speed )
) EFC_Sys_Mode =1 interrupt, RTC
mode clock remains )
) Set SLEEPDEEP = 1 for timestamp and
active. BKSRAM /
M4 core. tamper interrrupts
IWDT / LPTIM /
WFI/WFE 3. Wakeup by reset
LPUART are
(RESETN)
powered off.
The CORE domain
PMU_STANDBY_EN =1,
is powered off, the
o PMU_MODE[1:0] = 11, 1.  Wakeup on external
BBU domain is .
PMU_BKSRAMOFF = 0 pins of PAO, PA2, PCO,
DeepStandb |kept on, and the
EFC_Sys_Mode =1 PC2, PC3 and PC13
y0 mode 32K low-speed
o ) Set SLEEPDEEP =1 for |2. Wakeup by reset
clock is inactive.
M4 core. (RESETN)
BKSRAM / IWDT /
WFI/WFE
LPTIM / LPUART
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Power Mode |Description Entry Condition Wakeup Source

are powered on.

The CORE domain
is powered off, the|1. PMU_STANDBY_EN =1,
BBU domain is PMU_MODE[1:0] = 11, Wakeup by external
kept on, and the PMU_BKSRAMOFF = 1 pins of PAO, PA2, PCO,
DeepStandb
1 mod 32 K low-speed 2. EFC_Sys_Mode =1 PC2, PC3 and PC13
mode
Y clockisinactive. |3. Set SLEEPDEEP =1for |2. Wakeup by reset
BKSRAM / IWDT / M4 core. (RESETN)
LPTIM/ LPUART |4. WFI/WFE
are powered off.
Power-off All supplies are Powering off external VDDH
Power on
mode powered off. & VBAT
Notes:

® BBU domain includes RTC, backup register and PMU logic.
® Sleep mode and stop mode supports IO retention.
® Standby mode and DeepStandby mode do not support IO retention, except for IO woken

up by external input, other |10s are in high-impedance state.

5.2.2 Run Mode

In run mode, according to different application scenarios, it is also possible to reduce power

consumption by reducing the operating frequency or turning off some unused peripherals.

5.2.3 Sleep Mode

In Sleep mode, CPU stops working and the interrupt handling function is retained. The clock
and reset of other peripheral modules can be set by software. This low-power mode is
entered by the CPU by executing the specific instruction WFI, and the wake-up is triggered by

interrupt.
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5.2.4  Stop Mode

In Stop mode, the system RCH/XTH/PLL stop working (RCL/XTL remain active) and the
interrupt handling function is retained. The clock and reset of other peripheral modules can be
set by software. This low-power mode is entered by the CPU by executing the specific

instruction WFI, and the wake-up is triggered by interrupt.

5.2.5 Standby Mode

In Standby mode, RTC keeps running, LPUART/LPTIMO-1 can be configured as active or

inactive, and BKSRAM can be configured to be powered off or not.

5.2.6 DeepStandby Mode

In DeepStandby mode, the internal low-speed clock stops working, the backup register is

retained, and BKSRAM can be powered off or retained.

5.3 Register Description

Note: If XTL or RCL is selected as the system clock, the register of this PMU is not accessible.
Register base address: 0x40B0_0100

The PMU registers are listed below:

Table 5-2: List of PMU Registers

Offset Address Name Description

0x00 PMU_MR PMU mode register

0x04 PMU_PDWKCR Power-down wakeup control register

0x08 PMU_PUSTCR Power-up stabilization time configuration register
0x0C PMU_VDCR PDR/BOR/LVD configuration register

0x14 PMU_SASR System auxiliary status register

0x1C PMU_XTLCR XTL configuration register

0x20 PMU_RCLCR RCL configuration register

0x24 PMU_FCCR Function clock control register
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Offset Address Name Description

0x28 PMU_FRCR Function reset control register

0x50 PMU_CPR Configuration protection register
5.3.1 PMU Mode Register (PMU_MR)

Offset address: 0x00

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset

Value

Description

31:9

RSV

R

Reserved

VOLTAGE_SEL

R/W

MLDO output voltage selection:

0: 1.1-V output (adopting trimming value
at1.1V)

1: 0.9-V output (adopting trimming value
at0.9V)

75

RSV

Reserved

STDBY_EN

R/W

Standby mode enable:
0: Standby mode disabled
1: Standby mode enabled

STOP_CLK_SEL

R/W

Stop mode clock selection:

0: When entering stop mode, switch to
RCH first, and still use RCH on wakeup.

1: Keep the working clock (e.g. PLL clock)

unchanged before entering stop mode.

BKSRAMOFF

R/W

BKSRAM and other logics power-down
control:

0: BKSRAM, IWDT, LPUART and LPTIMO0-1
not powered down

0: BKSRAM, IWDT, LPUART and LPTIMO0-1

powered down

1:0

PMU_MODE

R/W

PMU mode register:

2’b00: Run mode

2’b01: Stop mode

2’b10: Standby mode/Power-down mode
2’b11: DeepStandby mode / Deep power-

down mode
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5.3.2

Offset address: 0x04

Power-down Wakeup Control Register (PMU_PDWKCR)

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset

Value

Description

31

I0_WK_CL
R

Clear the wakeup status bits of
PAO/PA2/PC0O/PC2/PC3/PC13.

Note: Before clearing the wakeup status bit, it
is required to make the wakeup enable bit
invalid first, and then write 1 to clear all wakeup

status flag bits.

30

RESETN_
WK_FLAG

External RESETN wakeup status bit (valid only
in Standby & DeepStandby modes):

0: Not woken up by the RESETN pin

1: Woken up by the RESETN pin (in the case of
single-pin wakeup), or possibly woken up by
the RESETN pin (in the case of multiple-pin
wakeup)

Note: This bit is cleared by writing 1 to bit [31].

29

PC13_WK_
FLAG

PC13 wakeup status bit (valid only in Standby &
DeepStandby modes):

0: Not woken up by PC13

1: Woken up by PC13 (in the case of single-pin
wakeup), or possibly woken up by PC13 (in the
case of multiple-pin wakeup)

Note: This bit is cleared by writing 1 to bit [31].

28

PC3_WK_F
LAG

PC3 wakeup status bit (valid only in Standby &
DeepStandby modes):

0: Not woken up by PC3

1: Woken up by PC3 (in the case of single-pin
wakeup), or possibly woken up by PC3 (in the
case of multiple-pin wakeup)

Note: This bit is cleared by writing 1 to bit [31].

27

PC2_WK_F
LAG

PC2 wakeup status bit (valid only in Standby &
DeepStandby modes):
0: Not woken up by PC2

V1.9.1
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Bit

Name

Attribute

Reset

Value

Description

1: Woken up by PC2 (in the case of single-pin
wakeup), or possibly woken up by PC2 (in the

case of multiple-pin wakeup)

Note: This bit is cleared by writing 1 to bit [31].

26

PCO_WK_F
LAG

PCO wakeup status bit (valid only in Standby &
DeepStandby modes):

0: Not woken up by PCO

1: Woken up by PCO (in the case of single-pin
wakeup), or possibly woken up by PCO (in the

case of multiple-pin wakeup)

Note: This bit is cleared by writing 1 to bit [31].

25

PA2_WK_F
LAG

PA2 wakeup status bit (valid only in Standby &
DeepStandby modes):

0: Not woken up by PA2

1: Woken up by PA2 (in the case of single-pin
wakeup), or possibly woken up by PA2 (in the

case of multiple-pin wakeup)

Note: This bit is cleared by writing 1 to bit [31].

24

PAO_WK_F
LAG

PAO wakeup status bit (only valid in Standby &
DeepStandby modes):

0: Not PAO pin wakeup

1: Woken up by PAO (in the case of single-pin
wakeup), or possibly woken up by PAO (in the

case of multiple-pin wakeup)

Note: This bit is cleared by writing 1 to bit [31].

23:22

RSV

Reserved

21

PC13_WKE
G

R/W

PC13 wakeup edge selection:
0: Rising-edge trigger
1: Falling-edge trigger

20

PC3_WKE
G

R/W

PC3 wakeup edge selection:
0: Rising-edge trigger
1: Falling-edge trigger

19

PC2_WKE
G

R/W

PC2 wakeup edge selection:
0: Rising-edge trigger
1: Falling-edge trigger

18

PCO_WKE

R/W

PCO wakeup edge selection:
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Reset
Bit Name Attribute Description
Value
G 0: Rising-edge trigger
1: Falling-edge trigger
PA2 wakeup edge selection:
PA2_WKE
17 G R/W 0 0: Rising-edge trigger
1: Falling-edge trigger
PAO wakeup edge selection:
PAO_WKE
16 e R/W 0 0: Rising-edge trigger
1: Falling-edge trigger
15:13 | RSV R 0 Reserved
PC13 wakeup interrupt enable:
12 PC13_WKE | R/W 0 0: Wakeup event not verified
1: Wakeup event verified
PC3 interrupt wakeup enable:
11 PC3_WKE | R/W 0 0: Wakeup event not verified
1: Wakeup event verified
PC2 interrupt wakeup enable:
10 PC2_WKE | R/W 0 0: Wakeup event not verified
1: Wakeup event verified
PCO interrupt wakeup enable:
9 PCO_WKE | R/W 0 0: Wakeup event not verified
1: Wakeup event verified
PA2 interrupt wakeup enable:
8 PA2_ WKE | R/W 0 0: Wakeup event not verified
1: Wakeup event verified
LPTIM1 interrupt wakeup enable:
LPTIM1_W
7 - R/W 0 0: Wakeup event not verified
1: Wakeup event verified
LPTIMO interrupt wakeup enable:
LPTIMO_W
6 KE R/W 0 0: Wakeup event not verified
1: Wakeup event verified
LPUART wakeup interrupt enable:
LPUART_
5 RW 0 0: Wakeup event not verified
WKE
1: Wakeup event verified
IWDT interrupt wakeup enable:
IWDT_WK
4 e R/W 0 0: Wakeup event not verified
1: Wakeup event verified
V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 37



UM324xF User Manual Power Management Unit (PMU)

Reset
Bit Name Attribute Description
Value
RTC TAMPER interrupt wakeup enable:
0: Wakeup event not verified
RTC_TAMP
3 WKE R/W 0 1: Wakeup event verified
- Note: In DeepStandby mode, it is woken up
upon PC13 interrupt event.
RTC ALARM interrupt wakeup enable:
RTC_ALAR
2 R/W 0 0: Wakeup event not verified
M_WKE

1: Wakeup event verified

PAO reset wakeup enable:
1 PAO_WKE | R/W 0 0: Wakeup event not verified

1: Wakeup event verified

External pin reset wakeup enable (falling-edge
RSTN_WK trigger):

0 - R/W 0 9ger)
E 0: Wakeup event not verified

1: Wakeup event verified

5.3.3 Power-up Stabilization Time Configuration Register
(PMU_PUSTCR)

Offset address: 0x08

Reset value: 0x0000 007F

Bit Name Attribute | Reset Value | Description

317 | RSV R 0 Reserved

MLDO stabilization time setting:

The default value is 128 clock cycles of 32

6:0 CNT_VALUE | R/W 7’h7F
K (around 4 ms), and it can be set to 3 or

less in the actual application.
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5.3.4

PDR/BOR/LVD Configuration Register (PMU_VDCR)

Offset address: 0x0C

Reset value: 0x0000 A701

Bit

Name

Attribute

Reset

Value

Description

31:18

RSV

R

Reserved

17

LVD_INT_EN

R/W

LVD interrupt enable register:
0: Disabled
1: Enabled

16

LVD_RST_EN

R/W

LVD reset enable register:
0: Disabled
1: Enabled

15:12

LVDS

R/W

4'hA

LVD settings
Refer to Table 5-3

11:8

BORS

R/W

4’h7

BOR settings
Refer to Table 5-4

7:6

PDRS

R/W

2’b00

PDR settings
Refer to Table 5-5

RSV

Reserved

LVD_FILTER_
EN

R/W

LVD filter enable bit:
0: Disabled
1: Enabled (two 32K clock cycles)

RSV

R/W

Reserved

LVD_EN

R/W

Low-voltage detection enable:
0: Disabled
1: Enabled

BOR_EN

R/W

Brown-out reset control:

0: BOR detection disabled, no reset generated
1: BOR detection enabled, reset generated
Note: This bit must be set to 1 during use to

enable the BOR detection reset.

PDR_EN

R/W

Power-down reset control:

0: PDR detection disabled, no reset generated

1: PDR detection enabled, reset generated
Note: This bit shall be held at 1 in run mode, and

setting it to 0 is only permissible in test mode.
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Table 5-3: LVD (VDT) Settings

Parameter Symbol Condition Min. Typ. Max. | Unit

Operating current | - - - 40 - nA
LVDS[3:0] = 0000 - 1.59 - \%
LVDS[3:0] = 0001 - 1.68 - Vv
LVDS[3:0] = 0010 - 1.78 - \%
LVDS[3:0] = 0011 - 1.88 - \Y%
LVDS[3:0] = 0100 - 1.98 2 \%
LVDS[3:0] = 0101 - 2.08 - \Y%
LVDS[3:0] = 0110 - 2.18 - \
LVDS[3:0] = 0111 - 2.28 = \%

LVD trigger point | Vi
LVDS[3:0] = 1000 - 2.38 - \
LVDS[3:0] = 1001 - 2.48 - \
LVDS[3:0] = 1010 N 2.58 - \Y%
LVDS[3:0] = 1011 - 2.67 - \
LVDS[3:0] = 1100 . 2.77 - \Y%
LVDS[3:0] = 1101 - 2.87 - \
LVDS[3:0] = 1110 - 2.97 - \Y%
LVDS[3:0] = 1111 - 3.07 - \%
Table 5-4: BOR Settings

Parameter Symbol Condition Min. Typ. Max Unit

Operating current | - - - 40 - nA
BORS[3:0] = 0000 - 1.56 - \%
BORS[3:0] = 0001 - 1.66 - \%
BORS[3:0] = 0010 - 1.75 - \%
BORS[3:0] = 0011 - 1.85 - \%
BORS[3:0] = 0100 - 1.95 - \%
BORS[3:0] = 0101 - 2.05 - \

BOR trigger point | Veor BORS[3:0] =0110 | - 2.14 - \Y%
BORS[3:0] = 0111 - 2.24 - \
BORS[3:0] = 1000 - 234 - \%
BORS[3:0] = 1001 - 2.43 - \
BORS[3:0] = 1010 - 2.53 - \%
BORS[3:0] = 1011 - 2.63 - \
BORS[3:0] = 1100 - 273 - \%
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Parameter Symbol Condition Min. Typ. Max. | Unit
BORS[3:0] = 1101 - 2.83 - \Y%
BORS[3:0] = 1110 - 2.92 - \
BORS[3:0] = 1111 - 3.02 - \Y%

Table 5-5: PDR Settings

Parameter Symbol | Condition Min. Typ. Max. | Unit
Operating current - - - 40 - nA
PDRS[1:0] =00 | - 1.57 = \Y
PDR rising trigger point VppR R PDRSIT:0] = 01 - 177 - v
PDRS[1:0]=10 | - 1.87 - \
PDRS[1:0] = 11 - 1.97 - \Y%
PDRS[1:0] =00 | - 1.49 - \
PDR falling trigger point | Vporr PDRSI1-0@01 - & - v
PDRS[1:0]=10 | - 1.77 - \Y
PDRS[1:0] = 11 - 1.87 - \
PDRS[1:0] =00 | - 0.08 - \Y%
PDR trigger point Voor vy PDRS[1:0] = 01 - 0.1 - \Y
hysteresis voltage ) PDRS[1:0]=10 | - 0.1 - \
PDRS[1:0] = 11 - 0.1 - \

5.3.5 System Auxiliary Status Register (PMU_SASR)

Offset address: 0x14

Reset value: 0x0000 0234

Reset
Bit Name Attribute Description
Value
31:14 | RSV R 0 Reserved
LVD reset status flag bit:
0: No reset occurred
1: Reset occurred
13 LVD_FLAG | R/W 0
Note: This bit is cleared by writing 1 to the
RST_FLAG_CLR bit, and is valid only when LVD
reset occurs on PMU.
BOR status flag:
12 BOR_FLAG | R/W 0 0: No reset occurred
1: Reset occurred
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Bit

Name

Attribute

Reset

Value

Description

Note: This bit is cleared by writing 1 to the
RST_FLAG_CLR bit, and is valid only when BOR

reset occurs on PMU.

11

RSV

Reserved

10

XTL_RSTN
_FLAG

XTL exception status flag bit:

0: No exception occurred

1: Exception occurred

Notes:

1) This bit is cleared by writing 1 to the
RST_FLAG_CLR bit.

2) The XTL detection circuit function is
recommended to be enabled only when XTL is
used as the BBU module clock. After reset, the
clock automatically switches to RCL. In
addition, this status will be sent to the CPU core
as an interrupt signal, sharing the same
interrupt number with the RTC TAMPER

interrupt.

CORE_PD
N_FLAG

R/W

Core power-down reset status flag bit:

0: No reset occurred

1: Reset occurred

Note: This bit is cleared by writing 1 to the
RST_FLAG_CLR bit.

PDR_FLAG

R/W

PDR reset status flag bit:

0: No reset occurred

1: Reset occurred

Note: This bit is cleared by writing 1 to the
RST_FLAG_CLR bit.

RST_FLAG
_CLR

Reset clear flag bit:
0: Not cleared
1: Cleared

XTL_DT_E
N

R/W

XTL detection circuit enable:
0: Disabled
1: Enabled

LVD_PMU_
EN

R/W

Whether the LVD reset signal can reset PMU

state machine:

V1.9.1
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Bit

Name

Attribute

Reset

Value

Description

0: PMU state machine cannot be reset.

1: PMU state machine can be reset.

BOR_PMU
_EN

R/W

Whether the BOR reset signal can reset PMU
state machine:
0: PMU state machine cannot be reset.

1: PMU state machine can be reset.

EFC_LOW_
VDD_EN

R/W

Low voltage warning enable:
0: Low voltage warning disabled

1: Low voltage warning enabled

2:1

RSV

R/W

2’b10

Reserved

BAT_SEL

R/W

External battery backup status register:

0: No external battery backup power (only one
main power supply for all system chips)

1: External battery backup power exists (two
external power supplies for system chip)

If the external Vpph is abnormally powered off,
the PDR_EN bit is recommended to be
configured as 1. If the chip actively enters the
low-power mode and then Vpph is powered off,
the PDR_EN bit is recommended to be

configured as 0.

5.3.6

XTL Configuration Register (PMU_XTLCR)

Offset address: 0x1C

Reset value: 0x0000 9240

Bit Name Attribute | Reset Value Description
31:17 RSV R 0 Reserved
15:13 ISET R/W 3’b100 Oscillator current
12:10 RSET R/W 3’b100 Bias resistance
9:7 GSET R/W 3’b100 Gain of oscillator
6:4 FBRSET R/W 3’b100 Feedback resistance
3:2 RSV R 0 Reserved
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Bit Name Attribute | Reset Value Description
XTL enable:
1 XTL_EN R/W 0 0: Disabled
1: Enabled
Low-speed clock selection:
0 LSCLK_SEL | R/W 0 0: RCL selected
1: XTL selected
5.3.7 RCL Configuration Register (PMU_RCLCR)

Offset address: 0x20

Reset value: 0xXXXX XXXX

Bit

Name

Attribute

Reset Value

Description

31:1

RSV -

OXxXXXX XXXX

Reserved

RCL_PD

R/W

RCL enable:

0: RCL enabled

1: RCL disabled (not recommended)

Note: RCL is also controlled by other logics.
RCL is automatically disabled in

DeepStandby mode while automatically

enabled when there is an external wakeup.

5.3.8

Function Clock Control Register (PMU_FCCR)

Offset address: 0x24

Reset value: 0x0000 004F

Bit Name Attribute | Reset Value | Description
317 RSV R 0 Reserved
RTC module clock enable:
6 RTCEN R/W 1 0: Disabled
1: Enabled
5:4 RSV R 0 Reserved
LPTIM1 module clock enable:
3 LPTIMTEN R/W 1 0: Disabled
1: Enabled
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Bit Name Attribute | Reset Value | Description
LPTIMO controller clock enable:
2 LPTIMOEN R/W 1 0: Disabled
1: Enabled
IWDT controller clock enable:
1 IWDTEN R/W 1 0: Disabled
1: Enabled
LPUART controller clock enable:
0 LPUARTEN | R/'W 1 0: Disabled
1: Enabled
5.3.9  Function Reset Control Register (PMU_FRCR)

Offset address: 0x28

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:7 RSV R 0 Reserved
RTC control register reset enable:
6 RTCRST R/W 0 0: Disabled
1: Enabled
5:4 RSV R 0 Reserved
LPTIM1 control register reset enable:
3 LPTIMIRST | R/W 0 0: Disabled
1: Enabled
LPTIMO controller reset enable:
2 LPTIMORST | R/W 0 0: Disabled
1: Enabled
IWDT control register reset enable:
1 IWDTRST R/W 0 0: Disabled
1: Enabled
LPUART control register reset enable:
0 LPUARTRST | R/W 0 0: Disabled
1: Enabled
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5.3.10 Configuration Protection Register (PMU_CPR)

Offset address: 0x50

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:16 | RSV R 0 Reserved
Configuration protection register:
Write 16’hABCD to enable write operation to
PMU register, only after which can write
15:0 CONFIGEN | R/W 0
operation be performed on PMU-related
configuration registers. Write 16’h459E to
disable the write operation to PMU register.
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6 Reset and Clock Module (RCM)

6.1 Clock Logic

XTL32K XTAL32K
(XTL)
CLK32K L;‘TT&
RCOSC 32K | RCL32K «
(RCL) LPUART
IWDT
RCOSC 48M RCH_DIV
(RCH) ™ (172/4)
clk_pl
12M/24M/48M SYSPLL S clk_sys_pre
X > (PLLO)
AHB DIV HCLK (SYS_CLK) _ MA/AHB
PLLSRC > |
PCLKO
» APBODIV| | APBO
- PCLK1
APBIDIV |, APBI
PCLK2
APB2_ DIV [ APB2
APB3_DIV | PCLK3
> —» APB3
HCLK
R
C1  QsP
PCLK1
EEE—
~ TIM1/2/3/4/11/12/13
oz | TIMO/7/8/9/10
HCLK SDIO
USB20 FS
AHB_CLK Device
—_—
Audio PLL ﬂ»
(PLLY) | 125DV <
~| (AuDIO) > 1250/1

Figure 6-1: Clock Logic
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Four different sources can be used to drive the system clock:

® 48 MHz high-precision internal RCH
® 32 kHz internal RCL

® 32.768 kHz external crystal XTL

® External crystal XTH

There are two internal PLLs for system, audio and USB clocks.

The clock controller distributes the clocks coming from different oscillators to the core and the
peripherals. It features a 48 MHz internal RC oscillator (RCH), an external high-speed crystal
oscillator (XTH), a 32 kHz internal RC oscillator (RCL), a low-speed external crystal oscillator

(XTL), two PLLs, an XTH monitor, clock prescaler, clock multiplexer and clock gating circuitry.

AHB, APB and Cortex™-M4 are derived from the system clock (SYS_CLK), and the clock
source of SYS_CLK can be XTH, RCH, PLL, or RCL/XTL with a low frequency of 32 kHz. The
independent watchdog is clocked from a low-frequency RCL or XTL, and the RTC is clocked

from RCL or XTL.
Notes:

® |[f audio support is required, PLL fractional frequency division can be configured.
® For applications with strict EMC requirements (motor, etc.), PLL spread spectrum function

can be enabled.

6.2 Reset Logic

There are two types of reset, defined as:

® Power reset

® System reset
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6.2.1 Power Reset

Power reset, also known as cold reset, resets all systems except for the backup domain.
System reset will reset all parts except for the backup domain, including the processor core
and peripheral IPs. The backup domain reset will reset only the backup domain area. A reset

can be triggered by external signals, internal events and reset generators.
A power reset will be generated when any of the following events occurs:

® Power-on/power-down reset (POR/PDR)

® Brown-out reset (BOR)

® Generated by the internal reset generator upon returning from standby mode

The power reset affects all registers except those in the backup domain. The power reset is
active low and becomes inactive when the internal LDO power reference is ready to supply
the core voltage (e.g. 1.1 V). The reset entry vector is fixed at the memory-mapped address

OxXXXX_0004.

6.2.2 System Reset

A system reset will be generated when any of the following events occurs:

® Power-on reset (POR)

® External pin reset (RESETN)

® M4 window watchdog counter termination (WWDT_RSTN)

® Independent watchdog counter termination (IWDT_RSTN)

® The SYSRESETREQ bit in the Cortex™-M4 interrupt application and reset control register
issetto 1.

System reset will reset all parts except for the backup domain, including the processor core

and peripheral IPs.
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There are seven reset sources, all of which are active low. Each reset signal allows to re-run
the CPU. Most registers will be reset again and the program counter (PC) will be remapped at

address 0x0000 0000.

Table 6-1: System Reset Source

Reset Signal Name | Active Level Description

RESETN Low Global hardware reset pin: reset the whole chip
(except BBU and other registers)

POR_RSTN Low 1.1V power-on reset: reset the whole chip

BOR_RSTN Low Brown-out reset: reset the whole chip

SOFT_RSTN Low Global soft reset control register: reset the system

IWDT_RSTN Low Watchdog timer reset: reset the system

WWDT_RSTN Low Window watchdog timer reset: reset the system

Block reset signals Low Reset a single module

Table 6-2: Reset Mode

Reset Mode

Generation Condition

POR & PDR

Power on with Vppn (1.8-3.6 V) and internal core

voltage

RESETN pin reset

External RESETN pin inputs low level

BOR

Voo drops below the Vgor threshold

LVD reset

Vpor drops below the Vv threshold

Window watchdog reset (WWDT)

Independent watchdog reset (IWDT)

Reset upon wakeup from power-

down mode

The reset is generated by setting the power-down
mode, the core wakes up from the reset state upon

occurrence of the power-down wakeup event.

Software reset

Reset upon abnormal oscillation stop

of external high-speed oscillator

The abnormal oscillation stop of external high-

speed oscillator is detected.
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6.3 Register Description

Register base address: 0x40B0_1000

Table 6-3: List of RCM Registers

Offset Address | Name Description

0x000 RCM_CRO Clock control register 0

0x008 RCM_PLLOCFGRO PLLO configuration register 0

0x00C RCM_PLLOCFGR1 PLLO configuration register 1

0x010 RCM_PLLOCFGR2 PLLO configuration register 2

0x014 RCM_PLL1CFGRO PLL1 configuration register 0

0x018 RCM_PLL1CFGR1 PLL1 configuration register 1

0x01C RCM_PLL1CFGR2 PLL1 configuration register 2

0x020 RCM_PLLTSR PLL stabilization time setting register
0x030 RCM_CFGRO Clock configuration register 0

0x034 RCM_CFGR1 Clock configuration register 1

0x040 RCM_CIFR Clock interrupt flag register

0x044 RCM_CIER Clock interrupt enable register

0x060 RCM_AHBCKENR AHB peripheral clock enable register
0x064 RCM_AHBOCKENR AHBO peripheral clock enable register
0x068 RCM_AHB1CKENR AHB1 peripheral clock enable register
0x06C RCM_APBOCKENR APBO peripheral clock enable register
0x070 RCM_APB1CKENR APB1 peripheral clock enable register
0x074 RCM_APB2CKENR APB?2 peripheral clock enable register
0x078 RCM_APB3CKENR APB3 peripheral clock enable register
0x07C RCM_AHBRSTR AHB peripheral reset register

0x080 RCM_AHBORSTR AHBO peripheral reset register

0x084 RCM_AHB1RSTR AHB1 peripheral reset register

0x088 RCM_APBORSTR APBO peripheral reset register

0x08C RCM_APB1RSTR APB1 peripheral reset register

0x090 RCM_APB2RSTR APB2 peripheral reset register

0x094 RCM_APB3RSTR APB3 peripheral reset register

0x098 RCM _SOFTRSTR Software reset register

0xOEO RCM_RFR Reset flag register

OxOE4 RCM_EXRSTFER External reset pin filter enable register
O0x0FO0 RCM_RCMPR RCM write protection register

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd.

51



UM324xF User Manual

Reset and Clock Module (RCM)

6.3.1

Clock Control Register 0 (RCM_CRO)

Address: 0x000

Reset value: 0x0020 0421

Bit

Name

Attribute

Reset

Value

Description

31:29

RSV

R

Reserved

28

PLLSRC

R/W

PLLO/PLL1 input clock selection:
0: RCH selected as PLLO/PLL1 input clock
1: XTH selected as PLLO/PLL1 input clock

Note: It can only be configured when

PLLO/PLL1 is not working.

27

PLL1STB

PLL1 (Audio) stability flag:
0: Unstable
1: Stable

26

PLLT1EN

R/W

PLL1 (Audio) enable:
0: Disabled
1: Enabled

25

PLLOSTB

PLLO stabilization flag:
0: Unstable
1: Stable

24

PLLOEN

R/W

PLLO enable:
0: Disabled
1: Enabled

23:22

XTH_SF

R/W

XTH oscillation frequency selection (SFO,
SF1):

2'p00: 1-4 MHz

2'pb01: 4.1-12 MHz

2'p10: 12.1-24 MHz

2'b11: 24.1-48 MHz

21:20

XTHSS

R/W

2’b10

XTH stabilization time selection:
2’b00: 4096 cycles

2’b01: 16384 cycles

2’b10: 32768 cycles

2’b11: 65535 cycles

19

RSV

Reserved
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Bit

Name

Attribute

Reset

Value

Description

18

XTH_BYP

R/W

XTH bypass selection:

1: External crystal not required, clock input
directly from pin

0: Out from XTH

17

XTH_STB

XTH stabilization flag:
1: Stable
0: Unstable

16

XTH_EN

R/W

XTH enable:
0: Disabled
1: Enabled

15:14

XTH_SFRB

R/W

XTH feedback resistance selection:

The resistance configuration signal is of the
following correspondence:

00: 500 kQ

01: 100 kQ

1X: HiZ

13:11

RSV

Reserved

10

RCH_STB

Internal RCH stabilization flag:

1: RCH is stable, can be used for internal
circuit.

0: RCH is not stable, can not be used for

internal circuit.

9:8

RCHSS

R/W

2’b00

Internal RCH stabilization time selection:
11: 256 cycles

10: 64 cycles

01: 16 cycles

00: 4 cycles

Note: This value can be reduced in Stop

mode to speed up the wakeup time.

7:6

RSV

Reserved

5:4

XTLSS

R/W

2’h2

External XTL stabilization time selection:
2’b00: 1024 cycles

2’b01: 4096 cycles

2’b10: 16384 cycles

2’b11: 32768 cycles
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Reset
Bit Name Attribute Description
Value

Enable reset or interrupt upon XTH
exception:
0: Disabled
1: Enabled

3 XTH_RST_INT_EN | R/W 0
Note: This register will not be reset by the
XTH exception. The register value shall be
cleared by writing 0 to clear the oscillation
stop interrupt.
XTH exception status selection:
0: Interrupt generated upon clock exception
1: Reset generated upon clock exception

2 XTH_STOP_SEL | R/'W 0
Note: This register will not be reset by the
XTH exception. The register value shall be
cleared by writing 0.
XTH monitoring enable:

1 XTH_MEN R/W 0 0: Disabled
1: Enabled
Internal RCH enable:
0: Disabled
1: Enabled

0 RCH_EN R/W 1
Note: When the system enters Standby or
DeepStandby mode, RCH will automatically
turn off.

6.3.2 PLLO Configuration Register 0 (RCM_PLLOCFGRO)

Address: 0x008

Reset value: 0x0001 0388

. . Reset ..
Bit Name Attribute Description
Value
31:21 | SSRATE R/W 0 Spread spectrum slope setting
20:15 | PLLO_DM R/W 6’h2 PLLO_DM signal
PLLO_DM signal: the value written shall be
14:5 | PLLO_DN R/W 10’h1C
greater than or equal to 16.
4:2 PLLO_DP R/W 3’h2 PLLO_DP signal
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Bit

Name

Attribute

Reset
Value

Description

PLLO_BYP

R/W

PLLO bypass control signal:

0: Clock signal comes from PLL VCO

1: PLL VCO bypassed and clock signal comes
from REF CLK

PLLO_CFGEN

R/W

PLLO configuration enable (with parameter
change):

0: Without parameter change

1: With configuration change

Note: After the PLL parameter configuration is
changed, enable this bit and wait for the PLL to
stabilize before switching the PLL clock.

Notes:

1. Forinteger frequency division, the formula of PLLO output clock is as follows:

feiko = frefax ¥ PLLO_DN / (PLLO_DM * PLLO_DP)

2. For fractional frequency division, the formula of PLLO output clock is as follows:

feiko = frefak * (PLLO_DN + PLLIO_FRAC/2%4) / (PLLO_DM * PLLO_DP)

3. For the above two formulas, the frequency of (frerak * PLLO_DN/PLLO_DM) shall be greater

than 300 MHz and less than 600 MHz.

6.3.3

PLLO Configuration Register 1 (RCM_PLLOCFGR1)

Address: 0x00C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:26 | RSV R 0 Reserved
PLLO spread spectrum mode selection:
2’b00: Down spread
25:24 | SSC_MODE | R/W 0 2’b01: Center spread
2’b10: Up spread
2’b11: Reserved
23:0 | SLOPE R/W 0 PLLO spread spectrum slope coefficient
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6.3.4

PLLO Configuration Register 2 (RCM_PLLOCFGR2)

Address: 0x010

Reset value: 0x0800 0000

Bit

Name

Attribute

Reset Value

Description

31:30

RSV

R

0

Reserved

29:26

COUNT

R/W

4’h2

PLL control signal:

COUNTIO]: Dithering mode enable (1:
Enabled)

COUNTI[1]: PLL fractional part logic reset
control (1: Fractional part logic reset; 0:
Fractional part logic reset release); in
fractional mode and spread spectrum mode,
this bit is written as 0.

COUNTI3:2]: Reserved

25:24

MODE

R/W

Operation mode selection:
2’b00: Integer mode

2’b01: Fractional mode

2’b10: Spread spectrum mode
2’b11: Reserved

23:.0

FRAC

R/W

PLLO fractional division factor

6.3.5

PLL1 Configuration Register 0 (RCM_PLL1CFGRO)

Address: 0x014

Reset value: 0x0001 0390

Bit Name Attribute | Reset Value | Description
31:21 | SSRATE R/W 0 Spread spectrum slope setting
20:15 | PLL1_DM R/W 6’h2 PLL1_DM signal
PLL1_DM signal: The value written
14:5 PLL1_DN R/W 10’h1C
shall be greater than or equal to 16.
4:2 PLL1_DP R/W 3’h4 PLL1_DP signal
PLL1 bypass control signal:
0: Clock signal comes from PLL VCO.
1 PLL1_BYP R/W 0
1: PLL VCO bypassed and clock signal
comes from REF CLK.
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Bit Name Attribute | Reset Value | Description

PLL1 configuration enable (with
parameter change):

0: Without parameter change

1: With configuration change

0 PLL1_CFGEN | R/W 0
Note: After the PLL parameter
configuration is changed, enable this

bit and wait for the PLL to stabilize

before switching the PLL clock.

Note: For integer frequency division, the formula of PLL1 output clock is as follows:

feiko = frefax * PLL1_DN / (PLL1_DM * PLL1_DP)

6.3.6 PLL1 Configuration Register 1 (RCM_PLL1CFGR1)

Address: 0x018

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:26 | RSV R 0 Reserved

PLL1 spread spectrum mode selection:
2’b00: Down spread

25:24 | SSC_MODE | R/W 0 2’b01: Center spread

2’b10: Upper spread spectrum

2’b11: Reserved

23:0 | SLOPE R/W 0 PLL1 spread spectrum slope coefficient

6.3.7 PLL1 Configuration Register 2 (RCM_PLL1CFGR2)

Address: 0x01C

Reset value: 0x0800 0000

Bit Name | Attribute | Reset Value | Description

31:30 | RSV R 0 Reserved

PLL control signal:
COUNTIO0]: Dithering mode enable (1: Enabled)
COUNTI[1]: PLL fractional part logic reset

control (1: Fractional part logic reset; O:

29:26 | COUNT | R/W 4’h2
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Bit

Name

Attribute

Reset Value

Description

Fractional part logic reset release); in fractional
mode and spread spectrum mode, this bit is
written as 0.

COUNT[3:2]: Reserved

25:24

MODE

R/W

Operation mode selection:
2’b00: Integer mode

2’b01: Fractional mode

2’b10: Spread spectrum mode
2’b11: Reserved

23:.0

FRAC

R/W

PLL1 fractional division factor

6.3.8

PLL Stabilization Time Setting Register (RCM_PLLTSR)

Address: 0x020

Reset value: 0x0000 2EEO

Bit

Name

Attribute

Reset

Value

Description

31:17

RSV

R

Reserved

16

PLL_LT_EN

R/W

PLL output clock:

0: The software waits for PLLOSTB or PLL1STB
before switching the system clock to PLL
(software waiting).

1: PLL stabilizes before outputting clock to be
applied to the system.

Note: This bit shall be set to 1 if PLL is selected
as the system clock in Stop mode and it is

expected to be kept after wakeup.

15:0

PLL_LT

R/W

16’h2EEQ

PLL lock time setting register:
16’h2EE0 (16’d12000) corresponds to PLL lock
time of 0.5 ms (counting with 24 MHz clock)
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6.3.9 Clock Configuration Register 0 (RCM_CFGRO)

Address: 0x030

Reset value: 0x0900 8040

Bit Name Attribute | Reset Value | Description

I2S_MCLK clock division factor (based on
audio PLL):

4’b0xxx: Not divided
4’b1000: Divided by 2
4’b1001: Divided by 4
31:28 | 12S_DIV R/W 0 4’p1010: Divided by 8
4’b1011: Divided by 16
4’b1100: Divided by 32
4’b1101: Divided by 64
4’b1110: Divided by 128
4’b1111: Divided by 256
APB3 clock division factor (based on AHB
clock):

4’b0xxx: Not divided
4’b1000: Divided by 2
4’p1001: Divided by 4
27:24 | APB3_DIV | R/W 4’1001 4’p1010: Divided by 8
4’b1011: Divided by 16
4’b1100: Divided by 32
4’b1101: Divided by 64
4’b1110: Divided by 128
4’b1111: Divided by 256
APB2 clock division factor (based on AHB
clock):

4’b0xxx: Not divided
4’b1000: Divided by 2
4’b1001: Divided by 4
4’b1010: Divided by 8
4’p1011: Divided by 16
4’p1100: Divided by 32
4’p1101: Divided by 64
4’b1110: Divided by 128

23:20 | APB2_DIV | R/W 0

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 59



UM324xF User Manual

Reset and Clock Module (RCM)

Bit

Name

Attribute

Reset Value

Description

£b1111:

Divided by 256

19:16

APB1_DIV

R/W

APB1 clock division factor (based on AHB

clock):

4’b0xxx: Not divided

4’b1000:
4’b1001:
4’b1010:
4’b1011:
4’b1100:
4’b1101:
4’b1110:
4'b1111:

Divided by 2
Divided by 4
Divided by 8
Divided by 16
Divided by 32
Divided by 64
Divided by 128
Divided by 256

15:12

APBO_DIV

R/W

4’b1000

APBO clock division factor (based on AHB

clock):

4’b0xxx: Not divided

4’b1000:
4’b1001:
4’b1010:
4’b1011:
4’b1100:
4’b1101:
4’b1110:
4b1111:

Divided by 2
Divided by 4
Divided by 8
Divided by 16
Divided by 32
Divided by 64
Divided by 128
Divided by 256

11:8

AHB_DIV

R/W

AHB clock division factor (based on

clk_sys_pre clock):
4’b0xxx: Not divided

4’b1000:
4’p1001:
4’b1010:
4’b1011:
4’b1100:
4’p1101:
4’b1110:
£b1111:

Divided by 2
Divided by 4
Divided by 8
Divided by 16
Divided by 32
Divided by 64
Divided by 128
Divided by 256

7:6

RCH_DIV

R/W

2’b01

Internal RCH division factor:

At power-on prefetch, RCH (48 MHz) is
divided by a fixed factor of 4 to generate
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Bit Name Attribute | Reset Value | Description
12 MHz clocks.
2’b00: Divided by 1
2’b01: Divided by 2
2’b10: Divided by 3
2’b11: Divided by 4
Note: Normal operation is performed with
24 MHz clock.
I2S clock source selection:
0: PLL1 (audio PLL) clock output as I12S
5 12S_SRC R/W 0 clock
1: External pin 12S_MCLK input clock as
12S clock
4 RSV R 0 Reserved
System clock switching status:
2’b00: RCH selected as system clock
2’b01: XTH selected as system clock
2’b10: PLLO output clock selected as
3:2 SYSSWS | R 2’b00 system clock
2’b11: 32 kHz RCL or XTL selected as
system clock
Note: There exists the case that XTH is
not available and it is switched to RCH.
System clock switching:
2’b00: RCH selected as system clock
2’b01: XTH selected as system clock
1:.0 SYS_SW R/W 2’b00 2’b10: PLLO output clock selected as
system clock
2’b11: 32 kHz RCL or XTL selected as
system clock
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6.3.10 Clock Configuration Register 1 (RCM_CFGR1)

Address: 0x034

Reset value: OxFF06 2002

Bit

Name

Attribute

Reset

Value

Description

31:28

USART7_DIV

R/W

4’hF

USART7 clock division factor (based
on PCLK2 clock):

4’b0000: Reserved

4’p0001: Divided by 2

4’p1111: Divided by 16

27:24

USART6_DIV

R/W

4’hF

USARTé clock division factor (based
on PCLKO clock):

4’b0000: Reserved

4’p0001: Divided by 2

4’p1111: Divided by 16

23

USART7_CLK_SEL | R/W

USART7 low-speed clock source
selection:

0: RCL/XTL selected

1: PCLK2 selected

22

USART6_CLK_SEL | R/W

USART6 low-speed clock source
selection:

0: RCL/XTL selected

1: PCLKO selected

21

TIM_CLK_SEL2

R/W

TIMO/7/8/9/10 clock source selection:
0: APB2_CLK selected

1: SYSPLL selected

Note: If it is set to 1, APB2_CLK =
HCLK = SYSPLL / 2. For example, if the
SYSPLL clock is 336 MHz, then
APB2_CLK = HCLK = 168 MHz, and the
input clock of TIM0/7/8/9/10 is 336
MHz.

20

TIM_CLK_SEL1

R/W

TIM1/2/3/4/11/12/13 clock source
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Bit

Name

Attribute

Reset

Value

Description

selection (TIM5/6 clock source is
always APB1_CLK):

0: APB1_CLK selected

1: SYSPLL selected

Note: If it is set to 1, APB1_CLK =
HCLK = SYSPLL / 2. For example, if the
SYSPLL clock is 336 MHz, then
APB1_CLK = HCLK = 168 MHz, and the
input clock of TIM1/2/8/9/10 (except
TIM5/6) is 336 MHz.

19

RSV

Reserved

18:16

USB_SDIO_DIV
(48M_DIV)

R/W

3’b110

Division factor setting for USB and
SDIO module operating clocks (if USB
is used, appropriate division factor
must be configured to generate 48
MHz clock):

3’b000: Not divided

3’b001: Divided by 2

3’b010: Divided by 3

3’b011: Divided by 4

3’b100: Divided by 5

3’b101: Divided by 6

3’b110: Divided by 7

3’b111: Divided by 8

Note: Used for USB and SDIO

modules.

15

RSV

Reserved

14:12

MCO1_DIV

R/W

3’b010

MCO1 division factor:
3’b000: Not divided
3’b001: Divided by 2
3’b010: Divided by 4
3’b011: Divided by 8
3’b100: Divided by 16
3’b101: Divided by 32
3’b110: Divided by 64
3’b111: Divided by 128
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Bit

Name

Attribute

Reset

Value

Description

11

RSV

R

Reserved

10:8

MCO1

R/W

3’b000

MCO1 clock output:

3’b000: RCH_DIV (e.g. 24 MHz)
selected to be output onto MCO1 pin
(PC9)

3’b001: XTH selected to be output
onto MCO1 pin (PC9)

3’b001: low-speed clock (RCL or XTL)
selected to be output onto MCO1 pin
(PC9)

3’b011: XTL selected to be output
onto MCO1 pin (PC9)

3’b001: PLLO clock selected to be
output onto MCO1 pin (PC9)

3’b101: PLL1 clock selected to be
output onto MCO1 pin (PC9)

3’b110: Reserved

3’b111: AHB clock selected to be
output onto MCO1 pin (PC9)

RSV

Reserved

6:4

MCOO0_DIV

R/W

3’b000

MCOQO division factor:
3’b000: Not divided
3’b001: Divided by 2
3’b010: Divided by 4
3’b011: Divided by 8
3’b100: Divided by 16
3’b101: Divided by 32
3’b110: Divided by 64
3’b111: Divided by 128

RSV

Reserved

2:0

MCOO0

R/W

3’b010

MCOO clock output:

3’b000: RCH_DIV (e.g. 24 MHz)
selected to be output onto MCOO pin
(PA8)

3’b001: XTH selected to be output
onto MCOO pin (PA8)
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Bit

Name

Attribute

Reset L.
Description
Value

(PA8)

3’b011: XTL clock selected to be
output onto MCOO pin (PA8)
3’b001: PLLO clock selected to be
output onto MCOO pin (PA8)
3’b101: PLL1 clock selected to be
output onto MCQOO pin (PA8)
3’b110: Reserved

3’b111: AHB clock selected to be
output onto MCOO pin (PA8)

3’b001: Low-speed clock (RCL or XTL)
selected to be output onto MCOO pin

6.3.11

Address: 0x040

Reset value: 0x0000 0000

Clock Interrupt Flag Register (RCM_CIFR)

Reset
Bit | Name Attribute Description
Value
31:8 | RSV R 0 Reserved
Clock security system interrupt flag. Writing 1
clears this interrupt.
7 CSSF R/W 0
0: XTH is normal
1: XTH output failure
6 RSV R 0 Reserved
PLL1 clock lock interrupt flag. Writing 1 clears
this interrupt.
5 PLLTRDYF | R/'W 0
0: PLL1 output clock not locked
1: PLL1 output clock locked
PLLO clock lock interrupt flag. Writing 1 clears
this interrupt.
4 PLLORDYF | R/'W 0
0: PLLO output clock not locked
1: PLLO output clock locked
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Reset
Bit | Name Attribute Description
Value
XTH ready interrupt flag. Writing 1 clears this
interrupt.
3 HSERDYF | R/W 0
0: XTH clock not ready
1: XTH clock ready
2 RSV R 0 Reserved
XTL ready interrupt flag. Writing 1 clears this
interrupt.
1 LSERDYF | R/'W 0
0: XTL clock not ready
1: XTL clock ready
0 RSV R 0 Reserved

6.3.12 Clock Interrupt Enable Register (RCM_CIER)

Address: 0x044

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:8 | RSV R 0 Reserved

Clock security system interrupt enable:
7 CSSIE R/W 0 0: Disabled

1: Enabled
6 RSV R 0 Reserved

PLL1 ready interrupt enable:
5 PLLTIRDYIE | R/W 0 0: Disabled

1: Enabled

PLLO ready interrupt enable:
4 PLLORDYIE R/W 0 0: Disabled

1: Enabled

XTH ready interrupt enable:
3 HSERDYIE R/W 0 0: Disabled

1: Enabled
2 RSV R 0 Reserved

XTL ready interrupt enable:
1 LSERDYIE R/W 0 0: Disabled

1: Enabled
0 RSV R 0 Reserved
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6.3.13 AHB Peripheral Clock Enable Register (RCM_AHBCKENR)

Address: 0x060

Reset value: 0x0001 0700

Bit Name Attribute Reset Value | Description
31:18 RSV R 0 Reserved

EMC controller clock enable:
17 EMCEN R/W 0 0: Disabled

1: Enabled

QSPI controller clock enable:
16 QSPIEN R/W 1 0: Disabled

1: Enabled
15:11 RSV R 0 Reserved
10 RSV R/W 1 Reserved

SRAM1 controller clock enable:
9 SRAM1TEN R/W 1 0: Disabled

1: Enabled

SRAMO controller clock enable:
8 SRAMOEN R/W 1 0: Disabled

1: Enabled
7:0 RSV R 0 Reserved

6.3.14 AHBO Peripheral Clock Enable Register (RCM_AHBOCKENR)

Address: 0x064

Reset value: 0x0000 0011

Bit Name Attribute Reset Value | Description
31:13 | RSV R 0 Reserved
DCMI controller clock enable:
12 DCMIEN R/W 0 0: Disabled
1: Enabled
11 RSV R 0 Reserved
EMAC controller clock enable:
10 EMACEN R/W 0 0: Disabled
1: Enabled
9 RSV R 0 Reserved
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Bit Name Attribute Reset Value | Description

SDIO controller clock enable:
8 SDIOEN R/W 0 0: Disabled

1: Enabled

7 RSV R 0 Reserved

DMAT1 controller clock enable:
6 DMA1EN R/W 0 0: Disabled

1: Enabled

DMAO controller clock enable:
5 DMAOEN R/W 0 0: Disabled

1: Enabled

CRC controller clock enable:
4 CRCEN R/W 1 0: Disabled

1: Enabled

3:1 RSV R 0 Reserved

USB (device) module clock

enable:
0: Disabled
1: Enabled

0 USBEN R/W 1

6.3.15 AHB1 Peripheral Clock Enable Register (RCM_AHB1CKENR)

Address: 0x068

Reset value: 0x0000 01FF

Bit Name Attribute Reset Value | Description
31:16 | RSV R 0 Reserved

CORDIC controller clock enable:
15 CORDICEN R/W 0 0: Disabled

1: Enabled
14 RSV R 0 Reserved

SHA controller clock enable:
13 SHAEN R/W 0 0: Disabled

1: Enabled

AES controller clock enable:
12 AESEN R/W 0 0: Disabled

1: Enabled
11:8 RSV R 0 Reserved
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Bit Name Attribute Reset Value | Description

GPIOH controller clock enable:
7 GPIOHEN R/W 1 0: Disabled

1: Enabled

6:5 RSV R 0 Reserved

GPIOE controller clock enable:
4 GPIOEEN R/W 1 0: Disabled

1: Enabled

GPIOD module clock enable:

3 GPIODEN R/W 1 0: Disabled

1: Enabled

GPIOC controller clock enable:
2 GPIOCEN R/W 1 0: Disabled

1: Enabled

GPIOB controller clock enable:
1 GPIOBEN R/W 1 0: Disabled

1: Enabled

GPIOA controller clock enable:
0 GPIOAEN R/W 1 0: Disabled

1: Enabled

6.3.16 APBO Peripheral Clock Enable Register (RCM_APBOCKENR)

Address: 0x06C

Reset value: 0x0000 0400

Bit Name Attribute Reset Value | Description
31:13 | RSV R 0 Reserved

USART6 controller clock enable:
12 USART6EN R/W 0 0: Disabled

1: Enabled

UART1 controller clock enable:
11 UART1EN R/W 0 0: Disabled

1: Enabled

WWDT controller clock enable:
10 WWDTEN R/W 1 0: Disabled

1: Enabled
9:0 RSV R 0 Reserved
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6.3.17 APB1 Peripheral Clock Enable Register (RCM_APB1CKENR)

Address: 0x070

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description

31:21 RSV R 0 Reserved

SPIO controller clock enable:
20 SPIOEN R/W 0 0: Disabled

1: Enabled

19 RSV R 0 Reserved

12C2 controller clock enable:
18 [2C2EN R/W 0 0: Disabled

1: Enabled

[2C1 controller clock enable:
17 I2C1EN R/W 0 0: Disabled

1: Enabled

12C0 controller clock enable:
16 [2COEN R/W 0 0: Disabled

1: Enabled

15 RSV R/W 0 Reserved

14 RSV R 0 Reserved

DACO/1 module clock enable:
13 DACEN R/W 0 0: Disabled

1: Enabled

TIM13EN controller clock enable:
12 TIM13EN R/W 0 0: Disabled

1: Enabled

TIM12 controller clock enable:
11 TIM12EN R/W 0 0: Disabled

1: Enabled

TIMT1EN controller clock enable:
10 TIMT1EN R/W 0 0: Disabled

1: Enabled

TIMé6 controller clock enable:
9 TIM6EN R/W 0 0: Disabled

1: Enabled
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Bit

Name

Attribute

Reset Value

Description

TIM5EN

R/W

TIM5 controller clock enable:
0: Disabled
1: Enabled

TIM4EN

R/W

TIM4 controller clock enable:
0: Disabled
1: Enabled

TIM3EN

R/W

TIM3 module clock enable:
0: Disabled
1: Enabled

TIM2EN

R/W

TIM2 controller clock enable:
0: Disabled
1: Enabled

TIM1EN

R/W

TIM1 controller clock enable:
0: Disabled
1: Enabled

UART5EN

R/W

UARTD5 controller clock enable:

0: Disabled
1: Enabled

UART4EN

R/W

UART4 controller clock enable:

0: Disabled
1: Enabled

UART3EN

R/W

UART3 controller clock enable:
0: Disabled
1: Enabled

UARTZ2EN

R/W

UART2 controller clock enable:
0: Disabled
1: Enabled

6.3.18 APB2 Peripheral Clock Enable Register (RCM_APB2CKENR)

Address: 0x074

Reset value: 0x0000 8000
Bit Name Attribute Reset Value | Description
31:16 RSV R 0 Reserved
UARTO controller clock enable:
15 UARTOEN R/W 1
0: Disabled
V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 71




UM324xF User Manual

Reset and Clock Module (RCM)

Bit

Name

Attribute

Reset Value

Description

1: Enabled

14

USART7EN

R/W

USART7 controller clock enable:

0: Disabled
1: Enabled

13

TIMT10EN

R/W

TIM10 controller clock enable:
0: Disabled
1: Enabled

12

TIMZEN

R/W

TIM9 controller clock enable:
0: Disabled
1: Enabled

11

TIMBEN

R/W

TIM8 controller clock enable:
0: Disabled
1: Enabled

10

TIM7EN

R/W

TIM7 controller clock enable:
0: Disabled
1: Enabled

TIMOEN

R/W

TIMO controller clock enable:
0: Disabled
1: Enabled

SPI3EN

R/W

SPI3 controller clock enable:
0: Disabled
1: Enabled

SPI2EN

R/W

SPI2 controller clock enable:
0: Disabled
1: Enabled

SPITEN

R/W

SPI1 controller clock enable:
0: Disabled
1: Enabled

ADC1EN

R/W

ADC1 controller clock enable:
0: Disabled
1: Enabled

ADCOEN

R/W

ADCO controller clock enable:
0: Disabled
1: Enabled

3:2

RSV

R

Reserved

I2S1EN

R/W

[2S1 controller clock enable:
0: Disabled
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Bit Name Attribute Reset Value | Description

1: Enabled

12S0 controller clock enable:
0 I2SOEN R/W 0 0: Disabled

1: Enabled

6.3.19 APB3 Peripheral Clock Enable Register (RCM_APB3CKENR)

Address: 0x078

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:2 RSV R 0 Reserved

CAN1 controller clock enable:
1 CAN1EN R/W 0 0: Disabled

1: Enabled

CANO controller clock enable:
0 CANOEN R/W 0 0: Disabled

1: Enabled

6.3.20 AHB Peripheral Reset Enable Register (RCM_AHBRSTR)

Address: 0x07C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:21 | RSV R 0 Reserved

M4 LOCKUP reset enable:

0: Disabled

1: Enabled (a lockup reset will reset the
20 LOCKUP_EN | R/W 0 system)

Note: This bit is only affected by POR and

PDR, other resets do not reset the value

of this bit.
19:18 | RSV R 0 Reserved

EMC controller reset enable:
17 EMCRST R/W 0 0: Disabled

1: Enabled
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Bit Name Attribute | Reset Value | Description

QSPI controller reset enable:
16 QSPIRST R/W 0 0: Disabled

1: Enabled
15:10 | RSV R 0 Reserved

SRAM1 controller reset enable:
9 SRAMTRST | R/W 0 0: Disabled

1: Enabled

SRAMO controller reset enable:
8 SRAMORST | R/W 0 0: Disabled

1: Enabled
7:0 RSV R 0 Reserved
6.3.21 AHBO Peripheral Reset Enable Register (RCM_AHBORSTR)

Address: 0x080

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:13 RSV R 0 Reserved

DCMI controller reset enable:
12 DCMIRST R/W 0 0: Disabled

1: Enabled
11 RSV R 0 Reserved

EMAC controller reset enable:
10 EMACRST R/W 0 0: Disabled

1: Enabled
9 RSV R 0 Reserved

SDIO controller reset enable:
8 SDIORST R/W 0 0: Disabled

1: Enabled
7 RSV R/W 0 Reserved

DMA1 controller reset enable:
6 DMA1RST R/W 0 0: Disabled

1: Enabled

DMAO controller reset enable:
5 DMAORST R/W 0 0: Disabled

1: Enabled
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Bit Name Attribute Reset Value | Description
CRC controller reset enable:
4 CRCRST R/W 0 0: Disabled
1: Enabled
3:1 RSV R 0 Reserved
USB controller reset enable:
0 USBRST R/W 0 0: Disabled
1: Enabled
6.3.22 AHB1 Peripheral Reset Enable Register (RCM_AHB1RSTR)
Address: 0x084

Reset value: 0x0000 0000

Bit Name Attribute Reset Description
Value
31:16 | RSV R 0 Reserved
CORDIC controller reset enable:
15 CORDICRST | R/W 0 0: Disabled
1: Enabled
14 RSV R 0 Reserved
SHA controller reset enable:
13 SHARST R/W 0 0: Disabled
1: Enabled
AES controller reset enable:
12 AESRST R/W 0 0: Disabled
1: Enabled
11:8 | RSV R 0 Reserved
GPIOH controller reset enable:
7 GPIOHRST | R/W 0 0: Disabled
1: Enabled
Note: The default value is 0 in the application.
6:5 RSV R 0 Reserved
GPIOE controller reset enable:
4 GPIOERST R/W 0 0: Disabled
1: Enabled
Note: The default value is 0 in the application.
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Reset
Bit Name Attribute Description
Value
GPIOD controller reset enable:
0: Disabled
3 GPIODRST R/W 0
1: Enabled
Note: The default value is 0 in the application.
GPIO controller reset enable:
0: Disabled
2 GPIOCRST R/W 0
1: Enabled
Note: The default value is 0 in the application.
GPIOB controller reset enable:
0: Disabled
1 GPIOBRST R/W 0
1: Enabled
Note: The default value is 0 in the application.
GPIOA controller reset enable:
0: Disabled
0 GPIOARST R/W 0
1: Enabled
Note: The default value is 0 in the application.

6.3.23 APBO Peripheral Reset Enable Register (RCM_APBORSTR)

Address: 0x088

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:13 | RSV R 0 Reserved

USART6 controller reset enable:
12 USART6RST R/W 0 0: Disabled

1: Enabled

UART1 controller reset enable:
11 UART1RST R/W 0 0: Disabled

1: Enabled

WWDT controller reset enable:
10 WWDTRST R/W 0 0: Disabled

1: Enabled
9:0 RSV R 0 Reserved
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6.3.24 APB1 Peripheral Reset Enable Register (RCM_APB1RSTR)

Address: 0x08C

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:21 RSV R 0 Reserved

SPIO controller reset enable:
20 SPIORST R/W 0 0: Disabled

1: Enabled
19 RSV R 0 Reserved

[2C2 controller reset enable:
18 [2C2RST R/W 0 0: Disabled

1: Enabled

[2C1 controller reset enable:
17 [2CTRST R/W 0 0: Disabled

1: Enabled

[2C0 controller reset enable:
16 [2CORST R/W 0 0: Disabled

1: Enabled
15 RSV R/W Reserved
14 RSV R Reserved

DAC controller reset enable:
13 DACRST R/W 0 0: Disabled

1: Enabled

TIM13EN controller reset enable:
12 TIM13RST R/W 0 0: Disabled

1: Enabled

TIM12 controller reset enable:
11 TIM12RST R/W 0 0: Disabled

1: Enabled

TIMT1EN controller reset enable:
10 TIMT1RST R/W 0 0: Disabled

1: Enabled

TIM6 controller reset enable:
9 TIM6RST R/W 0 0: Disabled

1: Enabled
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Bit

Name

Attribute

Reset Value

Description

TIM5RST

R/W

TIM5 controller reset enable:

0: Disabled
1: Enabled

TIM4RST

R/W

TIM4 controller reset enable:

0: Disabled
1: Enabled

TIM3RST

R/W

TIM3 controller reset enable:

0: Disabled
1: Enabled

TIM2RST

R/W

TIM2 module reset enable:
0: Disabled
1: Enabled

TIMIRST

R/W

TIM1 controller reset enable:

0: Disabled
1: Enabled

UART5RST

R/W

UARTS5 controller reset enable:

0: Disabled
1: Enabled

UART4RST

R/W

UART4 controller reset enable:

0: Disabled
1: Enabled

UART3RST

R/W

UART3 controller reset enable:

0: Disabled
1: Enabled

UART2RST

R/W

UART2 controller reset enable:

0: Disabled
1: Enabled

6.3.25

APB2 Peripheral Reset Enable Register (RCM_APB2RSTR)

Address: 0x090

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:16 RSV R 0 Reserved
UARTO controller reset enable:
15 UARTORST | R/W 0 )
0: Disabled
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Bit

Name

Attribute

Reset Value

Description

1: Enabled

14

USART7RST

R/W

USART7 controller reset enable:

0: Disabled
1: Enabled

13

TIM10RST

R/W

TIM10 controller reset enable:
0: Disabled
1: Enabled

12

TIM9RST

R/W

TIM9 controller reset enable:
0: Disabled
1: Enabled

11

TIM8RST

R/W

TIM8 controller reset enable:
0: Disabled
1: Enabled

10

TIM7RST

R/W

TIM7 controller reset enable:
0: Disabled
1: Enabled

TIMORST

R/W

TIMO controller reset enable:
0: Disabled
1: Enabled

SPI3RST

R/W

SPI3 controller reset enable:
0: Disabled
1: Enabled

SPI2RST

R/W

SPI2 controller reset enable:
0: Disabled
1: Enabled

SPITRST

R/W

SPI1 controller reset enable:
0: Disabled
1: Enabled

ADC1RST

R/W

ADC1 controller reset enable:
0: Disabled
1: Enabled

ADCORST

R/W

ADCO controller reset enable:
0: Disabled
1: Enabled

3:2

RSV

R

Reserved

[2STRST

R/W

251 controller reset enable:
0: Disabled
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Bit Name Attribute Reset Value | Description

1: Enabled

12S0 controller reset enable:
0 [2SORST R/W 0 0: Disabled

1: Enabled

6.3.26 APB3 Peripheral Reset Enable Register (RCM_APB3RSTR)

Address: 0x094

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:2 RSV R Reserved
CANT1 controller reset enable:
1 CAN1TRST R/W 0: Disabled
1: Enabled
CANO controller reset enable:
0 CANORST R/W 0: Disabled
1: Enabled
6.3.27 Software Reset Register (RCM_SOFTRSTR)

Address: 0x098

Reset value: 0x0000 0001

Bit Name

Attribute

Reset

Value

Description

31:0

SOFTRST

R/W 1

Software reset register:

When this bit is written with 32'hA5A5 4321, a
software reset will be generated to reset the CPU
and all IPs on the AHB/APB bus. Also, the eFlash
address will be remapped (to 1).

When reading:

0: The system is about to perform a software reset.
1: The system does not perform a software reset.
When writing:

32’hA5A5_4321: A software reset is generated.

Other values: No software reset is generated.

Note: Generally not used.
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6.3.28 Reset Flag Register (RCM_RFR)

Address: 0x0EOQ

Reset value: 0x0000 0003

Bit

Name

Attribute

Reset Value

Description

31:17

RSV

R

0

Reserved

16

RSTM

W

Reset clear flag bit:
0: Not cleared
1: Cleared

15:11

RSV

Reserved

10

LOCKUPRSTF

LOCKUP reset status flag:
0: No reset occurred

1: Reset occurred

LVDRSTF

LVD reset status flag bit:
0: No reset occurred

1: Reset occurred

SYSSOFTRSTF

System software reset status flag:
0: No reset occurred

1: Reset occurred

BORRSTF

BOR status flag:
0: No reset occurred

1: Reset occurred

XTHRSTF

XTH clock reset status flag:
0: No reset occurred

1: Reset occurred

WWDTRSTF

Window watchdog reset status flag:
0: No reset occurred

1: Reset occurred

IWDTRSTF

Independent watchdog reset status flag:
0: No reset occurred

1: Reset occurred

SOFTRSTF

M4 software reset status flag:
0: No reset occurred

1: Reset occurred

PINRSTF

External pin RESETN reset status flag:
0: No reset occurred

1: Reset occurred
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Bit Name Attribute | Reset Value | Description

PORO1 reset status flag:
1 PORRSTF R 1 0: No reset occurred

1: Reset occurred
0 RSV R 1 Reserved

Note: This register can only be reset by POR.

6.3.29 External Reset Filter Control Register (RCM_EXRSTFER)

Address: 0xOE4

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
311 RSV R 0 Reserved

External reset filter enable:
0 EXT_FILTER_EN | R/W 0 1: Enabled

0: Disabled

6.3.30 RCM Configuration Protection Register (RCM_RCMPR)

Address: 0xOF0

Reset value: 0x0000 0000

Reset
Bit | Name | Attribute Description
Value

RCM register write protection:
Write OxAS5A5_5A5A to this register to enable write
operation of RCM register, and write other values to
disable write operation. After configuring the RCM clock
reset configuration register, it is recommended to write
31:0 | RCMPR | R/W 0 other values to disable the write operation and protect
each configured RCM register value.
When reading: 0: Write operation disabled

1: Write operation enabled
When writing: 32’hA5A5_5A5A: Write operation enabled

Other values: Write operation disabled
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7 GPIO

7.1 Overview

GPIO contains general data input and output interfaces, which can be shared with other
functional pins, depending on the chip configuration. With these data interfaces, any number

of pins can be configured as interrupt signal inputs.

7.2 Main Features

® The direction of any I/0 port can be configured by software.
® Each input pin can be configured with edge or level trigger for the interrupt.

® Input filter

7.3 Functional Description

7.3.1  GPIO Input and Output

Generate output signal and synchronize input signal.

7.3.2  GPIO Interrupt Generation

Capture the input signal and generate an interrupt. In the case of filtering being disabled, the

level detection interrupt can be triggered without clock.

1.4 Register Description

GPIOA register base address: 0x4500_0000
GPIOB register base address: 0x4500_0400
GPIOC register base address: 0x4500_0800

GPIOD register base address: 0x4500_0C00
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GPIOE register base address: 0x4500_1000
GPIOH register base address: 0x4500_1C00
The registers are listed below:
Table 7-1: List of GPIO Registers
Offset Address Name Description
0x00 GPIOx_MODE Function mode register
0x04 GPIO_SET Output set register
0x08 GPIO_CLR Output clear register
0x0C GPIO_ODATA Output data register
0x10 GPIO_IDATA Input data register
0x14 GPIO_IEN Interrupt enable register
0x18 GPIO_IS Interrupt trigger mode register
0x1C GPIO_IBE Interrupt edge-trigger mode register
0x20 GPIO_IEV Interrupt level-trigger setting register
0x24 GPIO_IC Interrupt clear register
0x28 GPIO_RIS Raw interrupt status register
0x2C GPIO_MIS Masked interrupt status register
0x30 GPIO_DBEN Filter enable register
0x34 GPIO_DBL Filter length register
0x38 GPIO_LOCK Configuration lock register
0x3C GPIO_IM Input mode register
0x40 GPIO_PULL Pull-up/down register
0x48 GPIO_SR Driving speed register
0x4C GPIO_DS Driving capability register
0x50 GPIO_AFL Alternate function low register
0x54 GPIO_AFH Alternate function high register
Registers are detailed in the following sections.
7.4.1  Function Mode Register (GPIOx_MODE)
Offset address: 0x00
Reset value for GPIOA: OxABFF FFFF
Reset value for GPIOB: OxFFFF FE8F
Reset value for GPIOC/GPIOD/GPIOE/GPIOH: OxFFFF FFFF
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Bit Name Attribute Reset Value Description
32-bit register with every 2 bits
corresponding to one |0 PAD;
OxFFFF FFFF configure the GPIO mode:
31:.0 MODE R/W (except GPIOA and | 00: General-purpose input mode
GPIOB) 01: General-purpose output mode
10: Alternate function mode
11: Analog mode
7.4.2 Output Set Register (GPIO_SET)

Offset address: 0x04

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding to
one |0 PAD:

15:0 | SET w 0x0 0: Invalid operation
1:1/0 is set by writing this bit to 1 when I/O is
configured as output.

7.4.3 Output Clear Register (GPIO_CLR)

Offset address: 0x08

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV = - Reserved
16-bit register with each bit corresponding to
one |0 PAD:

15:0 | CLR w 0x0 0: Invalid operation
1:1/0 is set by writing this bit to 1 when I/O is
configured as output.
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7.4.4 Output Data Register (GPIO_ODATA)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved

16-bit register with each bit corresponding
to one 1/0 PAD:

When the GPIO is output active, the write

operation is directed at the external pin, and

15:0 ODATA | RIW 0x0

the read operation is performed to obtain

the external pin output value.

7.4.5 Input Data Register (GPIO_IDATA)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - 4 Reserved
16-bit register with each bit corresponding
to one 10 PAD:

15:0 IDATA | R 0x0

When the GPIO is input active, the actual

value of the external pin can be read.

7.4.6 Interrupt Enable Register (GPIO_IEN)

Offset address: 0x14

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding
to one |0 PAD:

15:0 IEN R/W 0x0

0: Corresponding pin interrupt disabled

1: Corresponding pin interrupt enabled
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1.4.7

Interrupt Trigger Mode Register (GPIO_IS)

Offset address: 0x18

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding to
one |0 PAD:

15:0 | IS R/W 0x0
0: Edge trigger
1: Level trigger

7.4.8 Interrupt Edge Trigger Setting Register (GPIO_IBE)

Offset address: 0x1C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding to
one |0 PAD:

15:0 |IBE R/W 0x0
0: Single-edge trigger
1: Double-edge trigger

7.4.9 Interrupt Level Trigger Setting Register (GPIO_IEV)

Offset address: 0x20

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding
to one 10 PAD:

15:0 IEV R/W 0x0
0: Falling-edge/low-level trigger
1: Rising-edge/high-level trigger
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7.410

Interrupt Clear Register (GPIO_IC)

Offset address: 0x24

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description
31:16 | RSV - - Reserved
16-bit register with each bit corresponding
to one 10 PAD:
15:0 IC W 0x0
0: Invalid operation
1: Clear interrupt of the corresponding pin
7.411 Raw Interrupt Status Register (GPIO_RIS)

Offset address: 0x28

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15:0

RIS

0x0

16-bit register with each bit corresponding
to one 10 PAD:

0: No interrupt pending on the
corresponding pin

1: With interrupt pending on the

corresponding pin

7.4.12 Masked Interrupt Status Register (GPIO_MIS)

Offset address: 0x2C

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15:0

MIS

0x0

16-bit register with each bit corresponding
to one 10 PAD:

0: No interrupt on the corresponding pin
output to the system

1: With interrupt on the corresponding pin

output to the system
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7.4.13 Filter Enable Register (GPIO_DBEN)

Offset address: 0x30

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding
to one 10 PAD:
0: Input filter disabled

150 DBEN | R/W %0 1: Input filter enabled

Note: When using this register, only one |0
can be enabled for input filtering at a time.

Multiple IOs cannot be enabled for input

filtering simultaneously.

7.4.14 Filter Length Register (GPIO_DBL)

Offset address: 0x34

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value | Description

31:0

DBL

R/W

0x0

32-bit register, number of filter cycles

7.415 Configuration Lock Register (GPIO_LOCK)

Offset address: 0x38

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding to
one IO PAD. Setting it to 1 to lock the
configuration of corresponding 10 until the

15:0 LOCK | R/W 0x0 next reset.
The frozen registers are GPIO_MODE,
GPIO_IM, GPIO_PULL, GPIO_SR, GPIO_DS,
GPIO_AFH and GPIO_AFL.
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71.4.16

Input Mode Register (GPIO_IM)

Offset address: 0x3C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description
31:16 | RSV - - Reserved
16-bit register with each bit corresponding to
one |0 PAD; configure the GPIO input mode:
15:0 M R/W 0x0
0: CMOS
1: Schmitt trigger

7.4.17 Pull-up/down Register (GPIO_PULL)

Offset address: 0x40

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:16

PE

R/W

0x0

16-bit register with each bit corresponding to
one 10 PAD; pull-up/down enable selection:
0: Disabled

1: Enabled

15:0

PS

R/W

0x0

16-bit register with each bit corresponding to
one 10 PAD; select the pull direction:

0: Pull down

1: Pull up

7.4.18 Driving Speed Register (GPIO_SR)

Offset address: 0x48

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
16-bit register with each bit corresponding to
one |0 PAD; select the GPIO driving speed:

15:0 SR R/W 0x0
0: High speed
1: Low speed
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7.4.19 Driving Capability Register (GP1O_DS)

Offset address: 0x4C

Reset value: 0x5555 5555

Bit Name | Attribute | Reset Value | Description

32-bit register with every 2 bits
corresponding to one |0 PAD; configure the
GPIO output driving capability:

31:0 | DS R/W 0x5555_5555 | 00: 2 mA

01: 4 mA

10: 8 mA

11: 12 mA

7.4.20 Alternate Function Low Register (GPIO_AFL)

Offset address: 0x50

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

32-bit register with every 4 bits corresponding
to one 10 pad (0-7), select the GPIO alternate
function:

0000: Alternate function 0

0001: Alternate function 1

0010: Alternate function 2

31:0 | AFL R/W 0x0

1111: Alternate function 15
(Corresponding to AFO—AF15 in the pin

alternate function table)
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7.4.21 Alternate Function High Register (GPIO_AFH)

Offset address: 0x54

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

function:

31:0 | AFH R/W 0x0

function table)

32-bit register with every 4 bits corresponding
to one IO pad (8-15), select the GPIO alternate

0000: Alternate function 0
0001: Alternate function 1
0010: Alternate function 2

1111: Alternate function 15
(Corresponding to AFO—AF15 in the pin alternate

7.5 Operation Procedure

7.5.1 Input
1. Enable the GPIOx clock in RCM module.
2. Configure the GPIOx_MODE register to program GPIO as input.

3. Use GPIO_IDATA to obtain the input pin level.

7.5.2 Output

1. Enable the GPIOx clock in RCM module.

2. Configure the GPIOx_MODE register to program GPIO as output.

3. Use GPIO_SET/GPIO_CLR or GPIO_ODATA to set the output level.

7.5.3 Interrupt Trigger Mode

1. Enable the GPIOx clock in RCM module.
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2. Configure GPIOx_MODE as input.

3. Clearing the interrupt via GPIO_IC register to avoid exceptions.

4. Configure the GPIO_IS register to select the edge or level trigger mode.

5. In edge trigger mode, configure the GPIO_IBE register to determine whether it is single-

edge trigger or double-edge trigger.

6. In single-edge trigger mode, configure the GPIO_IEV register to determine whether it is

rising-edge trigger or falling-edge trigger.

7. In level trigger mode, configure the GPIO_IEV register to determine whether it is high-

level trigger or low-level trigger.

8. Clearing the interrupt via GPIO_IC register.

9. Configure the GPIO_IEN register to enable the interrupt of corresponding bit.
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8 Nested Vectored Interrupt Controller
(NVIC)

The ARM Cortex-M4 processor and the nested vectored interrupt controller (NVIC) prioritize
and handle all exceptions in the handler mode. When an exception occurs, the system
automatically pushes the current operating state of the processor on the stack, and then

automatically pops it off the stack after executing the interrupt service subroutine (ISR).

Vector fetching is carried out in parallel with pushing the current operating state to improve
the interrupt entry efficiency. The processor supports tail chaining and can realize back-to-
back interrupt, greatly reducing the overhead caused by repeatedly switching operating

states.
All interrupt types are shown in the following table:

Table 8-1 : Cortex-M4 Interrupt Sources

Peripheral
IRQ No. Peripheral Interrupt Description Vector Address

Interrupt
0 WWDT Window watchdog interrupt 0x0000_0040
1 LVD LVD interrupt 0x0000_0044
2 RTC_TAMPER RTC tamper and timestamp interrupts 0x0000_0048
3 - Reserved -
4 EFC EFC interrupt 0x0000_0050
5 RCM Clock reset interrupt 0x0000_0054
6 EXTIO EXTI[0] line interrupt 0x0000_0058
7 EXTI1 EXTI[1] line interrupt 0x0000_005C
8 EXTI2 EXTI[2] line interrupt 0x0000_0060
9 EXTI3 EXTI[3] line interrupt 0x0000_0064
10 EXTI4 EXTI[4] line interrupt 0x0000_0068
11 DMAO_CHO DMA controller 0 channel 0 global interrupt | 0x0000_006C
12 DMAOQ_CH1 DMA controller 0 channel 1 global interrupt | 0x0000_0070
13 DMAO_CH2 DMA controller 0 channel 2 global interrupt | 0x0000_0074
14 DMAO_CH3 DMA controller 0 channel 3 global interrupt | 0x0000_0078
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Peripheral

IRQ No. Peripheral Interrupt Description Vector Address
Interrupt
15 DMAO_CH4 DMA controller 0 channel 4 global interrupt | 0x0000_007C
16 DMAO_CH5 DMA controller 0 channel 5 global interrupt | 0x0000_0080
17 DMAO_CHé6 DMA controller 0 channel 6 global interrupt | 0x0000_0084
18 DMAO_CH7 DMA controller 0 channel 7 global interrupt | 0x0000_0088
19 ADCO ADCO global interrupt 0x0000_008C
20 ADC1 ADC1 global interrupt 0x0000_0090
21 CANO CANO global interrupt 0x0000_0094
22 CAN1 CAN1 global interrupt 0x0000_0098
23 EXTI9-5 EXTI[9:5] line interrupt 0x0000_009C
24 TIMO_BRK_TIM8 TIMO break interrupt / TIM8 global interrupt | 0x0000_00A0
25 TIMO_UP_TIM9 TIMO update interrupt / TIM? global interrupt | 0x0000_00A4
TIMO_TRG_COM_T | TIMO trigger and commutation interrupts /
26 0x0000_00A8
IM10 TIM10 global interrupt
27 TIMO_CC TIMO capture compare interrupt 0x0000_00AC
28 TIM1 TIM1 global interrupt 0x0000_00BO
29 TIM2 TIM2 global interrupt 0x0000_00B4
30 TIM3 TIM3 global interrupt 0x0000_00B8
31 12CO0 12CO0 global interrupt 0x0000_00BC
32 12C1 12C1 global interrupt 0x0000_00CO0
34-33 | - Reserved -
35 SPIO SPIO global interrupt 0x0000_00CC
36 SPI1 SPI1 global interrupt 0x0000_00D0
37 UARTO UARTO global interrupt 0x0000_00D4
38 UART1 UART1 global interrupt 0x0000_00D8
39 UART2 UART2 global interrupt 0x0000_00DC
40 EXTI15-10 EXTI[15:10] line interrupt 0x0000_00EO
41 RTC _ALARM RTC alarm interrupt 0x0000_00E4
42 - Reserved -
TIM7 break interrupt / TIM11 global
43 TIM7_BRK_TIM11 | 0x0000_00EC
interrupt
TIM7 update interrupt / TIM12 global
44 TIM7_UP_TIM12 ) 0x0000_00F0
interrupt
TIM7_TRG_COM_T | TIM7 trigger and commutation interrupt /
45 0x0000_00F4
IM13 TIM13 global interrupt
46 TIM7_CC TIM7 capture compare interrupt 0x0000_00F8
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Peripheral

IRQ No. Peripheral Interrupt Description Vector Address
Interrupt

47 SDIO SDIO global interrupt 0x0000_00FC
49-48 | - Reserved -

50 TIM4 TIM4 global interrupt 0x0000_0108
51 SPI2 SPI2 global interrupt 0x0000_010C
52 UART3 UART3 global interrupt 0x0000_0110
53 UART4 UART4 global interrupt 0x0000_0114
54 TIM5 TIM5 global interrupt 0x0000_0118
55 TIMé TIMé global interrupt 0x0000_011C
56 DMA1_CHO DMA1 channel 0 global interrupt 0x0000_0120
57 DMA1_CH1 DMA1 channel 1 global interrupt 0x0000_0124
58 DMA1 _CH2 DMA1 channel 2 global interrupt 0x0000 0128
59 DMA1_CH3 DMA1 channel 3 global interrupt 0x0000_012C
60 DMA1_CH4 DMA1 channel 4 global interrupt 0x0000 0130
61 EMAC EMAC global interrupt 0x0000_0134
62 SPI3 SPI3 global interrupt 0x0000_0138
63 - Reserved -

64 TS Temperature sensor (TS) interrupt 0x0000_0140
65 OPAO OPAOQ interrupt 0x0000_0144
66 OPA1 OPA1 interrupt 0x0000_0148
67 DAC DAC global interrupt 0x0000_014C
68 DMA1_CH5 DMAT1 channel 5 global interrupt 0x0000_0150
69 DMA1_CHé6 DMA1 channel 6 global interrupt 0x0000_0154
70 DMA1_CH7 DMAT1 channel 7 global interrupt 0x0000_0158
71 UARTS UART5 global interrupt 0x0000_015C
72 12C2 12C2 global interrupt 0x0000_0160
73 g5 USBO controller global interrupt 0x0000_0164

CONTROLLER

75-74 | - Reserved -

76 USART6 USARTé global interrupt 0x0000_0170
77 USART7 USART7 global interrupt 0x0000_0174
78 DCMI DCMI global interrupt 0x0000 0178
79 AES AES global interrupt 0x0000_017C
80 SHA SHA global interrupt 0x0000_0180
81 FPU FPU global interrupt 0x0000_0184
82 ACMPO ACMPO interrupt 0x0000_0188
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Peripheral
IRQ No. Peripheral Interrupt Description Vector Address
Interrupt
83 ACMP1 ACMP1 interrupt 0x0000_018C
84 ACMP2 ACMP2 interrupt 0x0000_0190
85 12S0 12S0 global interrupt 0x0000_0194
86 1251 12S1 global interrupt 0x0000_0198
89-87 | - Reserved -
90 QSPI QSPI global interrupt 0x0000 _01A8
91 - Reserved -
92 - Reserved -
93 IWDT IWDT global interrupt 0x0000_01B4
106-94 | - Reserved -
107 LPUART LPUART global interrupt 0x0000 _01EC
108 - Reserved -
109 LPTIMO LPTIMO global interrupt 0x0000 _01F4
110 LPTIM1 LPTIM1 global interrupt 0x0000_01F8
118-111 | - Reserved -
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9

System
(SYSCFG)

Register base address: 0x40B0_2000

The registers are listed below:

Configuration

Controlle

Table 9-1: List of SYSCFG Registers

r

Offset Address | Name Description

0x04 SYSCFG_EMACMR EMAC mode control register

0x08 SYSCFG_ADCETSR | ADC external trigger selection register

0x0C SYSCFG_TIMCFGR TIM break control register

0x10 SYSCFG_EXTICRO External interrupt configuration register 0

0x14 SYSCFG_EXTICR1 External interrupt configuration register 1

0x18 SYSCFG_EXTICR2 External interrupt configuration register 2

0x1C SYSCFG_EXTICR3 External interrupt configuration register 3

0x20 SYSCFG_EXTIWR External interrupt wakeup configuration register

0x24 SYSCFG_MISCCR MISC control register

0x28 SYSCFG_SCRVR Systick counter reference value register
9.1 Register Description

9211

Address: 0x04

Reset value: 0x0000 0000

EMAC Mode Control Register (SYSCFG_EMACMR)

Bit | Name

Attribute

Reset Value

Description

31:3 | RSV

0

Reserved

2.0 | EMACMR

R/W 0

EMAC mode control register (connected to
external MAC PHY):

3’b000: Ml

3’b001: RGMII

3’b010: Reserved

3’b011: Reserved

3’b100: RMII
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Bit

Name

Attribute

Reset Value

Description

3’b101: Reserved
3’b110: Reserved
3’b111: Reserved

9.1.2

ADC

External

(SYSCFG_ADCETSR)

Address: 0x08

Reset value: 0x0000 0000

Trigger

Selection Register

Bit

Name

Attribute

Reset Value

Description

317

RSV

R

0

Reserved

6:4

INJ_TRIG_SEL

R/W

External trigger source selection in ADC
injection mode:

000: EXTI15

001: EXTI?

010: EXTI5

011: LPTIMO_OUT

100: LPTIM1_OUT

101: Reserved

110: Reserved

111: Reserved

RSV

Reserved

2:0

RGL_TRIG_SEL

R/W

External trigger source selection in ADC
regular mode:

000: EXTI11

001: EXTIT0

010: EXTI6

011: LPTIMO_OUT

100: LPTIM1_OUT

101: Reserved

110: Reserved

111: Reserved
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9.1.3

TIM Break Control Register (SYSCFG_TIMCFGR)

Address: 0x0C

Reset value: 0x0000 0003

Bit | Name Attribute | Reset Value | Description
31:5 | RSV R 0 Reserved
TIMx debug control signal:
4 TIMx_DEBUG_STOP | R/'W 0 0: Invalid
1: Valid
3:2 | RSV R 0 Reserved
TIM7 break mode control register:
1: OCx and OCxn being 0 at break
1 TIM7_BRKR R/W 1
0: OCx and OCxn being OCxp and
OCxnp respectively at break
TIMO break mode control register:
1: OCx and OCxn being 0 at break
0 TIMO_BRKR R/W 1
0: OCx and OCxn being OCxp and
OCxnp respectively at break
9.1.4  External Interrupt Configuration Register 0
(SYSCFG_EXTICRO)
Address: 0x10
Reset value: 0x0000 0000
Bit Name Attribute Reset Description
Value
31:28 | RSV R 0 Reserved
EXTI3 wakeup source flag in Stop mode:
27 EXTI3_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
EXTI2 wakeup source flag in Stop mode:
26 EXTI2_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
EXTI1 wakeup source flag in Stop mode:
25 EXTIT_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
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Bit

Name

Attribute

Reset

Value

Description

24

EXTIO_WK_FLAG

EXTIO wakeup source flag in Stop mode:

0: Not woken up by setting this bit
1: Woken up by setting this bit

23

EXTI3_WK_EDGE_SEL

R/W

EXTI3 wakeup edge selection in Stop
mode:

0: Wakeup on rising edge

1: Wakeup on falling edge

22

EXTI2_WK_EDGE_SEL

R/W

EXTI2 wakeup edge selection in Stop
mode:

0: Wakeup on rising edge

1: Wakeup on falling edge

21

EXTINM_WK_EDGE_SEL

R/W

EXTI1 wakeup edge selection in Stop
mode:

0: Wakeup on rising edge

1: Wakeup on falling edge

20

EXTIO_WK_EDGE_SEL

R/W

EXTIO wakeup edge selection in Stop
mode:

0: Wakeup on rising edge

1: Wakeup on falling edge

19

EXTI3_WKEN

R/W

EXTI3 wakeup enable in Stop mode:
0: Disabled
1: Enabled

18

EXTI2_WKEN

R/W

EXTI2 wakeup enable in Stop mode:
0: Disabled
1: Enabled

17

EXTIT_WKEN

R/W

EXTI1 wakeup enable in Stop mode:
0: Disabled
1: Enabled

16

EXTIO_WKEN

R/W

EXTIO wakeup enable in Stop mode:
0: Disabled
1: Enabled

15:12

EXTI3

R/W

External interrupt configuration bit:
4’b0000: PA[3] pin
4’b0001: PB[3] pin
4’b0010: PC[3] pin
4’b0011: PD[3] pin
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Bit

Name

Attribute

Reset

Value

Description

4’b0100: PE[3] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved

11:8

EXTI2

R/W

External interrupt configuration bit:
4’b0000: PA[2] pin
4’b0001: PB[2] pin
4’b0010: PC[2] pin
4’b0011: PD[2] pin
4’b0100: PE[2] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved

7:4

EXTI

R/W

External interrupt configuration bit:
4’b0000: PA[1] pin
4’p0001: PB[1] pin
4’b0010: PC[1] pin
4’b0011: PD[1] pin
4’b0100: PE[1] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: PH[1] pin
4’b1000: Reserved

3.0

EXTIO

R/W

External interrupt configuration bit:
4’b0000: PA[0] pin
4’b0001: PB[0] pin
4’b0010: PC[0] pin
4’b0011: PD[O0] pin
4’60100 PE[0] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: PH[O0] pin
4’b1000: Reserved
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9.1.5 External Interrupt Configuration Register 1
(SYSCFG_EXTICR1)
Address: 0x14
Reset value: 0x0000 0000
Bit Name Attribute Reset Description
Value
31:28 | RSV R 0 Reserved
EXTI7 wakeup source flag in Stop mode:
27 EXTI7_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
EXTI6 wakeup source flag in Stop mode:
26 EXTI6_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
EXTI5 wakeup source flag in Stop mode:
25 EXTI5_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
EXTI4 wakeup source flag in Stop mode:
24 EXTI4_WK_FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
EXTI7 wakeup edge selection in Stop
23 EXTI7_WK_EDGE_SEL | R/W 0 mode:
0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI6 wakeup edge selection in Stop
22 EXTI6_WK_EDGE_SEL | R/W 0 mode:
0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI5 wakeup edge selection in Stop
21 EXTI5_WK_EDGE_SEL | R/W 0 mode:
0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI4 wakeup edge selection in Stop
20 EXTI4_WK_EDGE_SEL | R/W 0 mode:
0: Wakeup on rising edge
1: Wakeup on falling edge
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. . Reset L.
Bit Name Attribute Description
Value

EXTI7 wakeup enable in Stop mode:
19 EXTI7_WKEN R/W 0 0: Disabled

1: Enabled

EXTI6 wakeup enable in Stop mode:
18 EXTI6_WKEN R/W 0 0: Disabled

1: Enabled

EXTI5 wakeup enable in Stop mode:
17 EXTI5_WKEN R/W 0 0: Disabled

1: Enabled

EXTI4 wakeup enable in Stop mode:
16 EXTI4_WKEN R/W 0 0: Disabled

1: Enabled

External interrupt configuration bit:
4’b0000: PA[7] pin

4’b0001: PB[7] pin

4’b0010: PC[7] pin

4’b0011: PD[7] pin

4’b0100: PE[7] pin

4’b0101: Reserved

4’b0110: Reserved

4’b0111: Reserved

4’b1000: Reserved

External interrupt configuration bit:
4’b0000: PA[6] pin

4’b0001: PB[6] pin

4’b0010: PC[6] pin

4’b0011: PD[6] pin

4’b0100: PE[6] pin

4’b0101: Reserved

4’b0110: Reserved

4’b0111: Reserved

4’b1000: Reserved

External interrupt configuration bit:
4’b0000: PA[5] pin

4’b0001: PB[5] pin

4’b0010: PC[5] pin

15:12 | EXTI7 R/W 0

11:8 | EXTIé6 R/W 0

7:4 EXTI5 R/W 0
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. . Reset L.
Bit Name Attribute Description
Value

4’b0011: PD[5] pin
4’b0100: PE[5] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved
External interrupt configuration bit:
4’b0000: PA[4] pin
4’b0001: PB[4] pin
4’b0010: PC[4] pin
4’b0011: PD[4] pin
4’b0100: PE[4] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved

3.0 EXTI4 R/W 0

9.1.6 External Interrupt Configuration Register 2
(SYSCFG_EXTICR2)

Address: 0x18

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:28 | RSV R - Reserved
EXTI11 wakeup source flag in Stop mode:
EXTI11_WK
27 N R 0 0: Not woken up by setting this bit
- 1: Woken up by setting this bit
EXTI10 wakeup source flag in Stop mode:
EXTIT0_WK
26 FLAG R 0 0: Not woken up by setting this bit
- 1: Woken up by setting this bit
EXTI9 wakeup source flag in Stop mode:
EXTI9_WK_
25 FLAG R 0 0: Not woken up by setting this bit
1: Woken up by setting this bit
o4 EXTI8_WK_ R 0 EXTI8 wakeup source flag in Stop mode:
FLAG 0: Not woken up by setting this bit
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Bit Name Attribute | Reset Value | Description
1: Woken up by setting this bit
EXTI11 wakeup edge selection in Stop
EXTITT_WK mode:
23 R/W 0
_EDGE_SEL 0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI10 wakeup edge selection in Stop
EXTIT0_WK mode:
22 R/W 0
_EDGE_SEL 0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI9 wakeup edge selection in Stop
EXTI9_WK_ mode:
21 R/W 0
EDGE_SEL 0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI8 wakeup edge selection in Stop
EXTI8_WK_ mode:
20 R/W 0
EDGE_SEL 0: Wakeup on rising edge
1: Wakeup on falling edge
EXTI11 wakeup enable in Stop mode:
EXTIT1_WK
19 EN R/W 0 0: Disabled
1: Enabled
EXTI10 wakeup enable in Stop mode:
EXTIT0_WK
18 EN R/W 0 0: Disabled
1: Enabled
EXTI9 wakeup enable in Stop mode:
EXTI9_WKE
17 N R/W 0 0: Disabled
1: Enabled
EXTI8 wakeup enable in Stop mode:
EXTI8_WKE
16 N R/W 0 0: Disabled
1: Enabled
External interrupt configuration bit:
4’b0000: PA[11] pin
4’b0001: PB[11] pin
4’b0010: PC[11] pin
15:12 | EXTIN1 R/W 0
4’00011: PD[11] pin
4’b0100: PE[11] pin
4’b0101: Reserved
4’b0110: Reserved
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Bit Name Attribute | Reset Value | Description
4’b0111: Reserved
4’b1000: Reserved
External interrupt configuration bit:
4’b0000: PA[10] pin
4’b0001: PB[10] pin
4’b0010: PC[10] pin
4’p0011: PD[10] pin
4’b0100: PE[10] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved
External interrupt configuration bit:
4’b0000: PA[9] pin
4’b0001: PB[9] pin
4’b0010: PC[9] pin
4’b0011: PD[9] pin
4’b0100: PE[9] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved
External interrupt configuration bit:
4’b0000: PA[8] pin
4’b0001: PB[8] pin
4’b0010: PC[8] pin
4’b0011: PD[8] pin
4’b0100: PE[8] pin
4’b0101: Reserved
4’b0110: Reserved
4’b0111: Reserved
4’b1000: Reserved

11:8 | EXTIT0 R/W 0

7:4 EXTI9 R/W 0

3.0 EXTI8 R/W 0
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9.1.7 External Interrupt Configuration Register 3
(SYSCFG_EXTICR3)

Address: 0x1C

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:28 | RSV R 0 Reserved
EXTI15 wakeup source flag in Stop mode:
EXTI15_WK
27 FLAG R 0 0: Not woken up by setting this bit
- 1: Woken up by setting this bit
EXTI14 wakeup source flag in Stop mode:
EXTI14_WK
26 FLAG R 0 0: Not woken up by setting this bit
N 1: Woken up by setting this bit
EXT113 wakeup source flag in Stop mode:
EXTI13_WK
25 FLAG R 0 0: Not woken up by setting this bit
- 1: Woken up by setting this bit
EXTI12 wakeup source flag in Stop mode:
EXTI12_WK
24 FLAG R 0 0: Not woken up by setting this bit
- 1: Woken up by setting this bit
EXTI15 wakeup edge selection in Stop mode:
EXTI15_WK
23 R/W 0 0: Wakeup on rising edge
_EDGE_SEL
1: Wakeup on falling edge
EXTI14 wakeup edge selection in Stop mode:
EXTI14_ WK
22 R/W 0 0: Wakeup on rising edge
_EDGE_SEL
1: Wakeup on falling edge
EXTI13 wakeup edge selection in Stop mode:
EXTI13_WK
21 R/W 0 0: Wakeup on rising edge
_EDGE_SEL
1: Wakeup on falling edge
EXTI12 wakeup edge selection in Stop mode:
EXTI12_WK
20 R/W 0 0: Wakeup on rising edge
_EDGE_SEL
1: Wakeup on falling edge
EXTI15 wakeup enable in Stop mode:
EXTI15_WK
19 EN R/W 0 0: Disabled
1: Enabled
18 EXTIT4_ WK | R/'W 0 EXTI14 wakeup enable in Stop mode:
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Bit

Name

Attribute

Reset

Value

Description

EN

0: Disabled
1: Enabled

17

EXTINM3_WK
EN

R/W

EXTI13 wakeup enable in Stop mode:
0: Disabled
1: Enabled

16

EXTIN2_WK
EN

R/W

EXTI112 wakeup enable in Stop mode:
0: Disabled
1: Enabled

15:12

EXTI15

R/W

External interrupt configuration bit:
4’b0000: PA[15] pin

4’b0001: PB[15] pin

4’b0010: PC[15] pin

4’b0011: PD[15] pin

4’b0100: PE[15] pin

4’b0101: Reserved

4’b0110: Reserved

4’b0111: Reserved

4’b1000: Reserved

11:8

EXTIN4

R/W

External interrupt configuration bit:
4’b0000: PA[14] pin

4’b0001: PB[14] pin

4’b0010: PC[14] pin

4’b0011: PD[14] pin

4’b0100: PE[14] pin

4’b0101: Reserved

4’b0110: Reserved

4’b0111: Reserved

4’b1000: Reserved

7:4

EXTI13

R/W

External interrupt configuration bit:
4’b0000: PA[13] pin

4’b0001: PB[13] pin

4’b0010: PC[13] pin

4’b0011: PD[13] pin

4’b0100: PE[13] pin

4’b0101: Reserved

4’b0110: Reserved
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Bit

Name

Attribute

Reset

Value

Description

4’b0111:
4’b1000:

Reserved

Reserved

3:0

EXTI12

R/W

4’p0000:
4’b0001:
4’b0010:
4’b0011:
4’b0100:
4’b0101:
4’p0110:
4’b0111:
4’b1000:

External interrupt configuration bit:

PA[12] pin
PB[12] pin
PC[12] pin
PD[12] pin
PE[12] pin
Reserved
Reserved
Reserved

Reserved

9.1.8

External

(SYSCFG_EXTIWR)

Address: 0x20

Reset value: 0x0002 0000

Interrupt

Wakeup Configuration

Register

Bit

Name

Attribute

Reset

Value

Description

31:18

RSV

R

Reserved

17

INT_SEL

R/W

Interrupt response mode:

0: Reserved

1: One of multiple GPIOs selected as interrupt
Note: This bit shall not be modified and must be 1.

16

IESEL

R/W

Port interrupt mode selection bit:

1: Stop mode

0: Run mode

Notes:

® When the system is in Run mode, the system
clock will not be turned off, and IESEL can be
set to 0. At this time, the external signal

source that triggers the port interrupt will

generate an

synchronization with the system clock, which

signal

after
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Bit Name Attribute Reset Description
Value
can filter out glitches of the external signal
source.
® When the system is in Stop mode, the system
clock will be turned off, and IESEL can be set
to 1. At this time, the external signal source
that triggers the port interrupt will generate
an interrupt signal directly without filtering
out glitches of the external signal source.
When the IESEL bit in the register is 1 and the
wakeup source is EXTI15 (INT_SEL = 1), write this
EXTING bit to 1 after the system wakes up to clear the
15 CLR - | RIW 0 GPIO wakeup interrupt.
1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI14 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
14 EXTI4. R/W 0 GPIO wakeup interrupt.
cLR 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI13 (INT_SEL = 1), write this
EXTI3 bit to 1 after the system wakes up to clear the
13 - -~ | RIW 0 GPIO wakeup interrupt.
1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI12 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
12 =XTH2 R/W 0 GPIO wakeup interrupt.
CLR 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
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Bit Name Attribute Reset Description
Value
When the IESEL bit in the register is 1 and the
wakeup source is EXTI11 (INT_SEL = 1), write this
EXTI bit to 1 after the system wakes up to clear the
11 CLR - | R/W 0 GPIO wakeup interrupt.
1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTIT10 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
10 EXTIO. R/W 0 GPIO wakeup interrupt.
CLR 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI9 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
9 EXTI C R/W 0 GPIO wakeup interrupt.
R 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI8 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
8 =XTI8.C R/W 0 GPIO wakeup interrupt.
R 1: Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI7 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
7 ExTl7 C R/W 0 GPIO wakeup interrupt.
R 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
6 EXTI6_C | R/W 0 When the IESEL bit in the register is 1 and the
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Bit Name Attribute Reset Description
Value
LR wakeup source is EXTI6 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
GPIO wakeup interrupt.
1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI5 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
5 EXTIS.C R/W 0 GPIO wakeup interrupt.
R 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI4 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
4 EXTlAC R/W 0 GPIO wakeup interrupt.
R 1: Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI3 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
3 " R/W 0 GPIO wakeup interrupt.
R 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
When the IESEL bit in the register is 1 and the
wakeup source is EXTI2 (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
2 =xTi2.C R/W 0 GPIO wakeup interrupt.
R 1. Clear GPIO wakeup interrupt after system
wakeup
0: No operation
1 EXTIT_C RIW 0 When the IESEL bit in the register is 1 and the
LR wakeup source is EXTIT (INT_SEL = 1), write this
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Bit

Reset
Name Attribute

Value

Description

bit to 1 after the system wakes up to clear the
GPIO wakeup interrupt.

1. Clear GPIO wakeup interrupt after system
wakeup

0: No operation

EXTIO_C
LR

R/W 0

When the IESEL bit in the register is 1 and the
wakeup source is EXTIO (INT_SEL = 1), write this
bit to 1 after the system wakes up to clear the
GPIO wakeup interrupt.

1. Clear GPIO wakeup interrupt after system

wakeup

0: No operation

9.1.9

MISC Control Register (SYSCFG_MISCCR)

Address: 0x24

Reset value: 0x0000 0030

Bit

Name Attribute

Reset Value

Description

31:6

RSV R 0

Reserved

EFC_VOL_PD_EN | R/'W 1

EFC power-down ready signal
(Standby mode):

0: Invalid

1: Valid

Note: Generally not modified.

EFC_CLK_PD_EN | R/'W 1

EFC clock stop ready signal (Stop
mode):

0: Invalid

1: Valid

Note: Generally not modified.

RSV R 0

Reserved

LVD_INT_EN R/W 0

LVD interrupt enable:
0: LVD interrupt disabled
1: LVD interrupt enabled

RSV R

Reserved
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Bit | Name Attribute | Reset Value | Description
NMI enable:
0 NMIEN R/W 0 0: NMI disabled
1: NMI enabled (LVD interrupt)

9.1.10 SysTick  Calibration Reference  Value Register
(SYSCFG_SCRVR)
Address: 0x28
Reset value: 0x0000 0000
Bit Name Attribute Reset Value | Description
31:24 | RSV R 0 Reserved
23:0 | STCALIB R/W 0 SysTick calibration reference value
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10 Cyclic Redundancy Check Calculation
Unit (CRC)

10.1 Overview

The CRC controller can perform CRC calculation using various polynomials based on CRC32

and CRC16 standards.

10.2 Main Features

® Uses the following polynomials:

x16 + %12 + x5 + 1

x16 + x15 + x2 + 1

%32 4+ %26 + %23 + X2 + x16 + x12 + 1 + 10 + %8 + x7 4+ x5 + x4 + x2 + X! + 1
® Can input byte, half-word and full-word data

® The input data can be reversed by bit, half-word, byte, initial value and result value.

10.3 Functional Description
10.3.1 CRC Calculation

CRC calculation can be performed in multiple formats.

10.3.2 Common CRC Formats

Table 10-1: Common CRC Formats

. Input Data | Output
. Initial Result
Name Polynomial Reversed | Data
Value XOR
by Byte Reversed
CRC-16/CCITT 1021 0 Y Y
CRC-16/ CCITT-FALSE | 1021 FFFF N N
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Input Data | Output
Initial Result
Name Polynomial Reversed | Data
Value XOR
by Byte Reversed
CRC-16/ X25 1021 FFFF Y FFFF
CRC-16 / XMODEM 1021 0 N N 0
CRC-16/1BM 8005 0 Y Y 0
CRC-16 / MAXIM 8005 0 Y Y FFFF
CRC-16/USB 8005 FFFF Y Y FFFF
CRC-16 / MODBUS 8005 FFFF Y Y 0
CRC-32 04C11DB7 | FFFFFFFF | Y Y FFFFFFFF
CRC-32 / MPEG-2 04C11DB7 | FFFFFFFF | N N 0

Note: XOR function for results is not provided in this module. If necessary, please take out the

results and then calculate them separately.

10.4 Register Description

Register base address: 0x40A0_0000

The registers are listed below:

Table 10-2: List of CRC Registers

Offset Address | Name Description

0x00 CRC_DATA Data register

0x04 CRC_CFG Configuration register

0x08 CRC_INIT Initial value register
10.4.1 Data Register (CRC_DATA)

Offset address: 0x00

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
This register is used to write new data to the
31:0 DATA R/W 0x0 CRC calculator, and it holds the previous
CRC calculation result when it is read.
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10.4.2 Configuration Register (CRC_CFG)

Offset address: 0x04

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

30:9

RSV

Reserved

INIT_REV

R/W

0x0

Initial value reverse:
0: Not reversed

1: Reversed

DOUT_REV

R/W

0x0

Output data reverse:
0: Not reversed

1: Reversed

RSV

Reserved

DIN_REV

R/W

0x0

Input data reverse:
0: Not reversed

1: Reversed

4:3

WIDTH_DIN

R/W

0x0

Input data width selection:
00: 8 bits

01: 16 bits

10/11: 32 bits

2:1

POL

R/W

0x0

CRC polynomial selection:
00: CRC16-1021 (x'¢ + x"2+ x>+ 1);
01: CRC16-8005 (x™ + x5 + x2 + 1);
10/11: CRC32-04C11DB7

(X32 + Xx26 + X2 + x22 + x16 + x12 4 x11 4 x10 4 8

+XT+x5+ x4+ x2+x1+1)

RESET

0x0

Writing 1 to this bit will clear the

calculation result and load the initial value,

and this bit will be automatically cleared.

10.4.3

Offset address: 0x08

Reset value: 0x0000 0000

Initial Value Register (CRC_INIT)

Bit Name Attribute Reset Value Description
31:.0 INIT R/W 0x0 Write the initial value.
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10.5 Operation Procedure
1. Configure the CRC_INIT register to determine the initial value.

2. Configure the CRC_CFG register to select the CRC polynomial, data width and data

reverse order, and load the initial value.

3. Write data to the CRC_DATA register, which can be written continuously.

4. Fetch the CRC calculation result from the CRC_DATA register.
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11 Direct Memory Access Controller
(DMA)

11.1 Overview

The DMA is used to provide high-speed data transfer between peripherals and memory as
well as from memory to memory. Data can be quickly moved by DMA without any CPU actions,

which keeps the CPU resources free for other operations, thus improving the system efficiency.

11.2 Main Features

® Controllable data transmission among multiple modules

® Memory-to-memory, memory-to-peripheral, peripheral-to-memory, and peripheral-to-
peripheral data transfers

® Provided with 8 DMA channels

® Configurable bit width and block length of data transfer

® Each channel with 4 x 32-bit FIFO

® Block length up to 4095

® Invariant transmission and incremental transmission of source address

® |nvariant transmission and incremental transmission of destination address

11.3 Functional Description

11.3.1 Flow Control

DMA supports transfers where the DMA itself acts as a flow controller. For source and

destination transfer, the following modes are supported:

® Memory-to-memory
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® Memory-to-peripheral
® Peripheral-to-memory

® Peripheral-to-peripheral

11.3.2 Handshake Signal

When both the source and destination are set as peripheral, it is necessary to specify the
handshake signal number used by the peripheral. DMA will initiate a transfer only when the

handshake signal is valid.

The handshake signal can be generated not only by peripheral hardware, but also by software

writing DMA register.
The DMA handshake signals are assigned as follows:

Table 11-1: DMAO Handshake Signal

HSO... . BFES1 |EFES2 BFES3 |BFES4 [EFESS |EFESe [EFES7 |[EFESe |BFESY [EFES10 |EFESU |EFES12 [BFESS
SPI2_RX TIM1_UP  [SP2 RX  [SPIL_RX |SPIL_TX SPI2_TX 2C0_TX SPI2_TX QSPILRX _|QSPLTX |TIM11_CH4 [TIM11_UP |TIM11_TRIG|TIM11_CH1
2CO_RX TIM1_CH3 |TIM6_UP  [TIM3_CH2 [TIM6_UP  [2CO RX [TIM3_UP  |2CO_RX  [TIM11_CH2 |TIM11 CH3 |TIM12_CH3 [TIM12_CH4 |TIM12_UP |TIM12_TRIG
TIM3_CH1 UART2_RX |I2S1_RX 12S0_RX 12S0_TX 2S1_TX TIM1_CH2 |TIM3_CH3 |TIM12_CH1 |TIM12_CH2 |[TIM13_CH2 [TIM13_CH3 [TIM13_CH4 |TIM13_UP

12S1_RX TIM4_CH4 |I2C2 RX  |UART2_TX [2C2 TX _ [TIM1 CH1 |TIM1 CH4 |TIM1 CH4 |TIM13 TRIG |TIM13_CH1 |USART6_RX |USART6_TX

SMEIERK  |UART4_RX  [TIM4_TRIG |UART3_RX |TIM4_TRIG |UART3_TX |UART1_RX |UARTL TX |TM1_UP |TIM3_CH4 |TIM3_TRIG |TIM1_TRIG
TIM4_CH3 TM5_UP  |TIM2_CH4 |TIM4_CH4 |TIM2_TRIG |TIM2_CH2 |TIM4_UP__ |[UART4_TX

TIM4_UP TM2_UP  |I2C1 RX  |TIM2_CH1 [DACO DAC1 TIM2_CH3
TIM4_CH1 TIM4_CH2
12C1_RX UART2_TX

Table 11-2: DMA1 Handshake Signal
BFES0 |[BEFES1 |BFES2 [BEFES3 |BFFES4 |BFESS |EFESe |BFES7 |[EFESe |BEFESY |BFES10 [EFESN |BFES12 [BFES13
ADCO DCMI TIM7_CHL |ADC1 ADCO QSPITX _|TIMO_CH1 |DCMI SPIB_RX [SPBB TX |TIM8 CH1 [TIM8_CH2 |CORDIC_IN [CORDIC_OUT
SPIO_RX UART5_RX [TIM7_CH2 |SPI0_TX TIMO_CH4 |AES_OUT |TIMO_CH2 |SHA_IN TIM8_UP TIM8_TRIG [TIM9_TRIG |[TIM9 _CH1 |TIM8 CH3 |TIM8_CH4
TIMO_TRIG |TIMO_CH1 [TIM7_CH3 |TIMO_CH1 |TIMO_TRIG [SPI0_TX TIMO_CH3 |UARTO_TX |TIM9_CH4 |TIM9 UP  |TIM10_UP |TIM10_TRIG [TIM9 CH2 [TIM9_CH3

R TIM7_UP_ |ADC1 TIMO_CH1 |TIMO_COM |UARTO_RX |QSPI RX |UARTS_TX |TIM10_CH3 [TIM10_CH4 |USART7_RXUSART7_TX|TIM10_CH1 |TIM10_CH2
SPIO_RX  |TIM7_CH2 |TIM7_CH3 |TIMO_UP _ |UART5_TX |TIM7_CH4
UARTO_RX TIM7_TRIG
UARTS_RX TIM7_COM
TIMO_CH2
Notes:

® Note that the same handshake signal can only be responded by one of multiple
peripherals at a time, that is, DMA cannot be triggered by multiple peripherals at the
same time.

® The handshake signal (peripheral) and the 8 channels of DMA can be freely configured

according to the application.
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® The handshake signal is fixed and can only be set from the corresponding peripheral in
the table.
® The 8 channels of DMA can be freely configured by software to adapt to different

peripheral applications.

11.4 Register Description

DMAO register base address: 0x4070_0000
DMAT1 register base address: 0x4080_0000
The registers are listed below:

Table 11-3: List of DMA Registers

Offset Address Name Description

0x00 DMA_SARO Channel 0 source address register

0x08 DMA_DARO Channel 0 destination address register

0x18 DMA_CTLO Channel 0 control register

0x40 DMA_CFGO Channel 0 configuration register

0x58 DMA_SAR1 Channel 1 source address register

0x60 DMA_DAR1 Channel 1 destination address register

0x70 DMA_CTLA1 Channel 1 control register

0x98 DMA_CFG1 Channel 1 configuration register

0xBO0 DMA_SAR2 Channel 2 source address register

0xB8 DMA_DAR2 Channel 2 destination address register

0xC8 DMA_CTL2 Channel 2 control register

OxFO DMA_CFG2 Channel 2 configuration register

0x108 DMA_SAR3 Channel 3 source address register

0x110 DMA_DAR3 Channel 3 destination address register

0x120 DMA_CTL3 Channel 3 control register

0x148 DMA_CFG3 Channel 3 configuration register

0x160 DMA_SAR4 Channel 4 source address register

0x168 DMA_DAR4 Channel 4 destination address register

0x178 DMA_CTL4 Channel 4 control register

0x1AO0 DMA_CFG4 Channel 4 configuration register

0x1B8 DMA_SAR5 Channel 5 source address register

0x1CO DMA_DARS5 Channel 5 destination address register
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Offset Address Name Description
0x1D0 DMA_CTL5 Channel 5 control register
Ox1F8 DMA_CFG5 Channel 5 configuration register
0x210 DMA_SARé6 Channel 6 source address register
0x218 DMA _DAR6 Channel 6 destination address register
0x228 DMA_CTLé6 Channel 6 control register
0x250 DMA_CFGé6 Channel 6 configuration register
0x268 DMA_SAR7 Channel 7 source address register
0x270 DMA_DAR7 Channel 7 destination address register
0x280 DMA _CTL7 Channel 7 control register
0x2A8 DMA_CFG7 Channel 7 configuration register
0x2C0 DMA_RAWTFR Raw transfer interrupt register
0x2C8 DMA_RAWBLOCK Raw block transfer interrupt register
0x2D0 DMA_RAWSRCTRAN Raw source transfer interrupt register
0x2D8 DMA_RAWDSTTRAN Raw destination transfer interrupt register
0x2EO0 DMA_RAWERR Raw error interrupt register
0x2E8 DMA_STATUSTFR Transfer interrupt status register
0x2F0 DMA_STATUSBLOCK Block transfer interrupt status register
0x2F8 DMA_STATUSSRCTRAN | Source transfer interrupt status register
0x300 DMA_STATUSDSTTRAN | Destination transfer interrupt status register
0x308 DMA_STATUSERR Error interrupt status register
0x310 DMA_MASKTFR Transfer interrupt mask register
0x318 DMA_MASKBLOCK Block transfer interrupt mask register
0x320 DMA_MASKSRCTRAN Source transfer interrupt mask register
0x328 DMA_MASKDSTTRAN Destination transfer interrupt mask register
0x330 DMA_MASKERR Error interrupt mask register
0x338 DMA_CLEARTFR Transfer interrupt clear register
0x340 DMA_CLEARBLOCK Block transfer interrupt clear register
0x348 DMA_CLEARSRCTRAN Source transfer interrupt clear register
0x350 DMA_CLEARDSTTRAN Destination transfer interrupt clear register
0x358 DMA_CLEARERR Error interrupt clear register
0x360 DMA_STATUSINT Interrupt status register
0x368 DMA_REQSRCREG Source transfer request signal register
0x370 DMA_REQDSTREG Destination transfer Req signal register
0x378 DMA_SGLREQSRCREG Source transfer single signal register
0x380 DMA_SGLREQDSTREG Destination transfer single signal register
0x388 DMA_LSTSRCREG Source transfer last signal register
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Offset Address Name Description

0x390 DMA_LSTDSTREG Destination transfer last signal register
0x398 DMA _CFGREG DMA module enable register

0x3A0 DMA_CHENREG Channel enable register

11.4.1 Source Address Register (DMA_SARX)

Offset address: 0x00/0x58/0xB0/0x108/0x160/0x1B8/0x210/0x268, x = 0-7

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

DMA transfer source address, automatically
31:0 SAR R/W 0x0

updated

Note: This register must be set when the channel is disabled (CH_EN = 0 for DMA_CHENREG).

11.4.2 Destination Address Register (DMA_DARXx)

Offset address: 0x08/0x60/0xB8/0x110/0x168/0x1C0/0x218/0x270, x = 0-7

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

DMA transfer destination address,
31:0 DAR R/W 0x0

automatically updated

Note: This register must be set when the channel is disabled (CH_EN = 0 for DMA_CHENREG).

11.4.3 Control Register (DMA_CTLx)

Offset address: 0x18/0x70/0xC8/0x120/0x178/0x1D0/0x228/0x280, x = 0-7

Reset value: 0x0030 4801

Reset
Bit Name Attribute Description
Value
31:22 | RSV - - Reserved
Transfer type and flow control:
0x0: Memory-to-memory
21:20 | TT_FC R/W 0x3 _
0x1: Memory-to-peripheral
0x2: Peripheral-to-memory
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Bit

Name

Reset
Attribute
Value

Description

0x3: Peripheral-to-peripheral

19:17

RSV

Reserved

16:14

SRC_MSIZE

R/W 0x1

Burst length of source transfer, the
number of data read each time the source
peripheral request handshake signal is
available:

0x0: 1

0x1: 4

0x2: 8

0x3: 16

Others: Reserved

13:11

DST_MSIZE

R/W 0x1

Burst length of destination transfer, the
number of data written each time the
destination peripheral request handshake
signal is available:

0x0: 1

0x1: 4

0x2: 8

0x3: 16

Others: Reserved

10:9

SINC

R/W 0x0

Source address incrementation:
0x0: Increment

0x1: Decrement

0x2/0x3: Invariant

8:7

DINC

R/W 0x0

Destination address incrementation:
0x0: Increment

0x1: Decrement

0x2/0x3: Invariant

RSV

Reserved

5:4

SRC_TR_WIDTH

R/W 0x0

Source transfer data width:
0x0: 8 bits

0x1: 16 bits

0x2: 32 bits

RSV

Reserved

2:1

DST_TR_WIDTH

R/W 0x0

Destination transfer data width:
0x0: 8 bits
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Reset
Bit Name Attribute Description
Value
0x1: 16 bits
0x2: 32 bits
Interrupt enable:
0 INT_EN R/W 0x1 0x0: Disabled
0x1: Enabled

Note: This register must be set when the channel is disabled (CH_EN = 0 for DMA_CHENREG).

11.4.4 Control Register (DMA_CTLHXx)

Offset address: 0x1C/0x74/0xCC/0x124/0x17C/0x1D4/0x22C/0x284, x = 0-7

Reset value: 0x0000 0002

Reset
Bit Name Attribute Description
Value

31:12 | RSV - - Reserved

The block transfer source data size is in

the unit of source transfer width, the total
number of transfer is determined by the
source transfer, and the number of
destination transfer varies automatically
11:0 BLOCK_TS | R/W 0x2 _ o
according to the bit widths of source and
destination transfers. Once the transfer
begins, the readback value is the total

number of data that has been read from

the source.

Note: This register must be set when the channel is disabled (CH_EN = 0 for DMA_CHENREG).

11.4.5 Configuration Register (DMA_CFGx)

Offset address: 0x40/0x98/0xF0/0x148/0x1A0/0x1F8/0x250/0x2A8, x = 0-7

Reset value: 0x0000 _0e00 + 0x20 * x (x = 0-7)
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. . Reset L.
Bit Name Attribute Description
Value

Auto-reload a destination transfer:
0x0: Disabled

31 RELOAD DST | R/W 0x0 0x1: Enabled; when a block transfer
ends, reset DARX to its initial value and

start a new block transfer.

Auto-reload a source transfer:

0x0: Disabled

30 RELOAD_SRC | R/W 0x0 0x1: Enabled; when a block transfer
ends, reset SARX to its initial value and
start a new block transfer.

29:20 | RSV - - Reserved

Please use 0x0: handshake signal active
high

Please use 0x0: handshake signal active
high

17:12 | RSV - - Reserved

Source transfer handshake signal

19 SRC_HS_POL | R/W 0x0

18 DST_HS_POL | R/W 0x0

selection:
0x0: Hardware handshake
0x1: Software handshake

11 HS_SEL_SRC | R/W 0x1

Destination transfer handshake signal
selection:

0x0: Hardware handshake

0x1: Software handshake

10 HS_SEL_DST | R/W 0x1

FIFO empty indication for this channel:
9 FIFO_EMPTY |R 0x1 0x0: FIFO non-empty

0x1: FIFO empty

Suspend transfer on this channel:

8 CH_SUSP R/W 0x0 0x0: Normal transfer

0x1: Transfer suspended

Different
7:5 CH_PRIOR R/W for each
channel
4:0 RSV - - Reserved

Specify the channel priority, with 0 as

the lowest

Note: This register must be set when the channel is disabled (CH_EN = 0 for DMA_CHENREG).
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11.4.6 Configuration Register (DMA_CFGHXx)

Offset address: 0x44/0x9C/0xF4/0x14C/0x1A4/0x1FC/0x254/0x2AC, x = 0-7

Reset value: 0x0000 0004

Bit Name Attribute Reset Description
Value

31:15 | RSV - - Reserved
Destination peripheral handshake signal

14:11 | DEST_PER R/W 0x0 number:

This item is ignored when the destination is
specified as memory in TT_FC.
Source peripheral handshake signal number:

10:7 SRC_PER R/W 0x0 This item is ignored when the source is
specified as memory in TT_FC.

6:5 RSV - - Reserved

4:2 PROTCTL R/W 0x1 Drive HPROT[3:1]

Specify how much available data/space is
needed for a burst transfer:
0x0: Transfer can be initiated as long as there
is one available data/space.

1 FIFO_MODE | R/W 0x0 Ox1: Destination transfer can be initiated
when the available data is greater than or
equal to half the FIFO depth; source transfer
can be initiated when the space is greater
than or equal to half the FIFO depth; except
at the end of a burst or block transfer.

Flow control mode / data prefetch:
0x0: Prefetch enabled, read when source data
0 FCMODE RIW 0x0 transfer is available.

0x1: Prefetch disabled, source data transfer

not initiated until destination data transfer is

completed.

Note: This register must be set when the channel is disabled (CH_EN = 0 for DMA_CHENREG).
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11.4.7 Raw Transfer Interrupt Register (DMA_RAWTFR)

Offset address: 0x2C0

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:8 | RSV - - Reserved

Bit x indicates the raw transfer interrupt

status of channel x.

This interrupt is triggered when the
7.0 | RAWTFR R/W 0x0
channel completes all transfers.

Note: Writing directly to this register is not

recommended during normal use.

11.4.8 Raw Block Transfer Interrupt Register (DMA_RAWBLOCK)

Offset address: 0x2C8

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:8 | RSV - = Reserved

Bit x indicates the raw block transfer

interrupt status of channel x.

This interrupt is triggered when the

7.0 | RAWBLOCK | R/W 0x0
channel completes a block transfer.
Note: Writing directly to this register is not
recommended during normal use.
11.4.9 Raw Source Transfer Interrupt Register

(DMA_RAWSRCTRAN)

Offset address: 0x2D0

Reset value: 0x0000 0000

. . Reset ..
Bit | Name Attribute Description
Value

31:8 | RSV - - Reserved
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Bit | Name Attribute Reset Description
Value
Bit x indicates the raw source transfer interrupt
status of channel x.
This interrupt is triggered when the channel
7:0 | RAWSRCTRAN | R/W 0x0 completes a burst/single transfer in response to
a handshake signal from the source peripheral.
Note: Writing directly to this register is not
recommended during normal use.
11.4.10 Raw Destination Transfer Interrupt Register
(DMA_RAWDSTTRAN)
Offset address: 0x2D8
Reset value: 0x0000 0000
Bit | Name Attribute Reset Description
Value
31:8 | RSV - - Reserved
Bit x indicates the raw destination transfer
interrupt status of channel x.
This interrupt is triggered when the channel
completes a burst/single transfer in response
7:0 | RAWDSTTRAN | R/W 0x0
to a handshake signal from the destination
peripheral.
Note: Writing directly to this register is not
recommended during normal use.

11.4.11 Raw Error Interrupt Register (DMA_RAWERR)

Offset address: 0x2EQ

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:8 | RSV - - Reserved
Bit x indicates the raw error interrupt status of
7:0 | RAWERR | R/'W 0x0 channel x.
This interrupt is triggered when the channel
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Bit | Name Attribute | Reset Value | Description

receives an error response from HRSP during
transfer, causing the transfer to be canceled
and the channel to be shut down.

Note: Writing directly to this register is not

recommended during normal use.

11.4.12 Transfer Interrupt Status Register (DMA_STATUSTFR)

Offset address: 0x2E8

Reset value: 0x0000 0000

Reset
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Transfer interrupt output status of channel x:
This interrupt is triggered when the channel
7:0 | STATUSTFR | R 0x0 ) ) )
completes all transfers, and this register will not
be set to 1 if the interrupt is masked.

Note: Writing to this register is prohibited.
11.4.13 Block Transfer Interrupt Status Register

(DMA_STATUSBLOCK)

Offset address: 0x2F0

Reset value: 0x0000 0000

Reset
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Bit x indicates the block transfer interrupt
output status of channel x.
This interrupt is triggered when the channel
7:0 | STATUSBLOCK | R 0x0
completes a block transfer.
This register will not be set to 1 if the interrupt
is masked.

Note: Writing to this register is prohibited.
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11.4.14 Source
(DMA_STATUSSRCTRAN)

Offset address: 0x2F8

Reset value: 0x0000 0000

Transfer

Interrupt Status Register

. . Reset L.
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Bit x indicates the source transfer interrupt
output status of channel x.
This interrupt is triggered when the channel
completes a burst/single transfer in response
7:0 | STATUSSRCTRAN | R 0x0

to a handshake signal from the source
peripheral.
This register will not be set to 1 if the

interrupt is masked.

Note: Writing to this register is prohibited.

11.4.15 Destination

(DMA_STATUSDSTRAN)

Offset address: 0x300

Reset value: 0x0000 0000

Transfer

Interrupt  Status  Register

Reset
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Bit x indicates the destination transfer
interrupt output status of channel x.
This interrupt is triggered when the channel
completes a burst/single transfer in
7:0 | STATUSDSTTRAN | R 0x0

response to a handshake signal from the
destination peripheral.

This register will not be set to 1 if the

interrupt is masked.

Note: Writing to this register is prohibited.
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11.4.16 Error Interrupt Status Register (DMA_STATUSERR)

Offset address: 0x308

Reset value: 0x0000 0000

. . Reset L.
Bit | Name Attribute Description
Value

31:8 | RSV - - Reserved
Bit x indicates the error interrupt output status
of channel x.
This interrupt is triggered when the channel
receives an error response from HRSP during

7.0 | STATUSERR | R 0x0 )
transfer, causing the transfer to be canceled
and the channel to be shut down.
This register will not be set to 1 if the interrupt
is masked.

Note: Writing to this register is prohibited.

11.4.17 Transfer Interrupt Mask Register (DMA_MASKTFR)

Offset address: 0x310

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:16 | RSV - - Reserved

Bit (x + 8) is the write activation bit for channel x;
0x0: Write disabled

0x1: Write enabled

Valid for once, read as 0

15:8 | MASKTFR_WE | W 0x0

Bit x indicates the transfer interrupt mask
status of channel x:

0x0: Masked

0x1: Not masked

7:0 MASKTFR R/W 0x0

For example:

® To set bit 0to 1, write 0x101 to this register without affecting bit 1.
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® To set bit 1to 0, write 0x200 to this register without affecting bit 0.

® To set bit 0 and bit 1 to 1, write 0x303 to this register.

11.4.18 Block Transfer Interrupt Mask Register
(DMA_MASKBLOCK)

Offset address: 0x318

Reset value: 0x0000 0000

Bit Name Attribute Reset Description
Value
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for
channel x:
15:8 | MASKBLOCK_WE | W 0x0 0x0: Write disabled
0x1: Write enabled
Valid for once, read as 0
Bit x indicates the block transfer interrupt
2.0 MASKBLOCK RIW - mask status of channel x:
0x0: Masked
0x1: Not masked
11.4.19 Source Transfer Interrupt Mask Register
(DMA_MASKSRCTRAN)
Offset address: 0x320
Reset value: 0x0000 0000
Bit Name Attribute Reset Description
Value
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for
channel x:
15:8 | MASKSRCTRAN_WE | W 0x0 0x0: Write disabled
0x1: Write enabled
Valid for once, read as 0
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Reset
Bit Name Attribute Description
Value
Bit x indicates the source transfer
interrupt mask status of channel x:
7:0 MASKSRCTRAN R/W 0x0
0x0: Masked
0x1: Not masked
11.4.20 Destination  Transfer Interrupt Mask Register
(DMA_MASKDSTTRAN)
Offset address: 0x328
Reset value: 0x0000 0000
Reset
Bit Name Attribute Description
Value
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for
channel x:
15:8 | MASKDSTTRAN_WE | W 0x0 0x0: Write disabled
0x1: Write enabled
Valid for once, read as 0
Bit x indicates the destination transfer
interrupt mask status of channel x:
7:0 MASKDSTTRAN R/W 0x0
0x0: Masked
0x1: Not masked

11.4.21 Error Interrupt Mask Register (DMA_MASKERR)

Offset address: 0x330

Reset value: 0x0000 0000

. . Reset ..
Bit Name Attribute Description
Value

31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for channel x:
0x0: Write disabled

15:8 | MASKERR WE | W 0x0
0x1: Write enabled
Valid for once, read as 0
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Reset
Bit Name Attribute Description
Value
Bit x indicates the error interrupt mask status of
channel x:
7:0 MASKERR R/W 0x0
0x0: Masked
0x1: Not masked

11.4.22 Transfer Interrupt Clear Register (DMA_CLEARTFR)

Offset address: 0x338

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:8 | RSV - - Reserved

Writing 1 to bit x clears the transfer
7.0 | CLEARTFR | W 0x0

interrupt for channel x.

Note: Reading this register is prohibited.

11.4.23 Block Transfer Interrupt Clear Register
(DMA_CLEARBLOCK)
Offset address: 0x340
Reset value: 0x0000 0000
Reset
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Writing 1 to bit x clears the block transfer
7.0 | CLEARBLOCK | W 0x0
interrupt for channel x.

Note: Reading this register is prohibited.

11.4.24 Source Transfer

(DMA_CLEARSRCTRAN)

Offset address: 0x348

Reset value: 0x0000 0000

V1.9.1

Interrupt

Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd.

Clear Register

136



UM324xF User Manual Direct Memory Access Controller (DMA)

. . Reset L.
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Writing 1 to bit x clears the source transfer
7.0 | CLEARSRCTRAN | W 0x0
interrupt for channel x.

Note: Reading this register is prohibited.
11.4.25 Destination  Transfer Interrupt  Clear Register

(DMA_CLEARDSTTRAN)

Offset address: 0x350

Reset value: 0x0000 0000

Reset
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Writing 1 to bit x clears the destination
7:0 | CLEARDSTTRAN [ W 0x0
transfer interrupt for channel x.

Note: Reading this register is prohibited.

11.4.26 Error Interrupt Clear Register (DMA_CLEARERR)

Offset address: 0x358

Reset value: 0x0000 0000

Reset
Bit | Name Attribute Description
Value
31:8 | RSV - - Reserved
Writing 1 to bit x clears the error interrupt for
7:0 | CLEARERR W 0x0
channel x.

Note: Reading this register is prohibited.

11.4.27 Interrupt Status Register (DMA_STATUSINT)

Offset address: 0x360

Reset value: 0x0000 0000
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Bit | Name Attribute Reset Description
Value
31:5 | RSV - - Reserved
4 ERR R 0x0 Each bit or calculation result of STATUSERR
3 DSTTRAN | R 0x0 Each bit or calculation result of STATUSDSTTRAN
2 SRCTRAN | R 0x0 Each bit or calculation result of STATUSSRCTRAN
1 BLOCK R 0x0 Each bit or calculation result of STATUSBLOCK
0 TFR R 0x0 Each bit or calculation result of STATUSTFR

Note: Writing to this register is prohibited.

11.4.28 Destination Transfer Request  Signal Register
(DMA_REQSRCREG)

Offset address: 0x368

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for channel x:
0x0: Write disabled
15:8 | SRC_REQ WE | W 0x0
0x1: Write enabled
Valid for once, read as 0
Bit x is the request handshake signal for source
7:0 SRC_REQ R/W 0x0
transfer of channel x.

11.4.29 Destination Transfer Request  Signal Register
(DMA_REQDSTREG)

Offset address: 0x370

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for channel x:
15:8 | DST_REQ WE | W 0x0 _ _
0x0: Write disabled
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Reset
Bit Name Attribute Description
Value
0x1: Write enabled
Valid for once, read as 0
Bit x is the request handshake signal for
7:0 DST_REQ R/W 0x0
destination transfer of channel x.
11.4.30 Source Transfer Single Signal Register
(DMA_SGLREQSRCREG)
Offset address: 0x378
Reset value: 0x0000 0000
Bit Name Attribute | Reset Value | Description
31:16 | RSV - - Reserved

Bit (x + 8) is the write activation bit
for channel x:

15:8 | SRC_SGLREQ_WE | W 0x0 0x0: Write disabled

0x1: Write enabled

Valid for once, read as 0

Bit x is the single handshake signal

7:0 SRC_SGLREQ R/W 0x0
for source transfer of channel x.

11.4.31 Destination Transfer Single Signal Register
(DMA_SGLREQDSTREG)

Offset address: 0x380

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit

for channel x:
15:8 | DST_SGLREQ WE | W 0x0 0x0: Write disabled
0x1: Write enabled

Valid for once, read as 0

Bit x is the single handshake signal

7:0 DST SGLREQ R/W 0x0
for destination transfer of channel x.
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11.4.32 Source Transfer Last Signal Register (DMA_LSTSRCRE)

Offset address: 0x388

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for
channel x:
15:8 | LSTSRC_WE | W 0x0 0x0: Write disabled
0x1: Write enabled
Valid for once, read as 0
Bit x is the last handshake signal for
7:0 LSTSRC R/W 0x0
source transfer of channel x.
11.4.33 Destination Transfer Last Signal Register
(DMA_LSTDSTREG)
Offset address: 0x390
Reset value: 0x0000 0000
Bit Name Attribute | Reset Value | Description
31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for
channel x:
15:8 | LSTDST WE | W 0x0 0x0: Write disabled
0x1: Write enabled
Valid for once, read as 0
Bit x is the last handshake signal for
7:0 LSTDST R/W 0x0
destination transfer of channel x.
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11.4.34 DMA Module Enable Register (DMA_CFGREG)

Offset address: 0x398

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:1 | RSV - - Reserved

DMA enable:

0x0: DMA module function disabled

0x1: DMA module function enabled; this bit

shall be enabled before enabling the channel.

0 DMA_EN | R/W 0x0

11.4.35 Channel Enable Register (DMA_CHENREG)

Offset address: 0x3A0

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:16 | RSV - - Reserved
Bit (x + 8) is the write activation bit for
channel x:

15:8 | CH_.LEN_WE | W 0x0 0x0: Write disabled

0x1: Write enabled

Valid for once, read as 0

Bit x is the enable bit for channel x.
7:0 CH_EN R/W 0x0 This bit will be automatically set to 0 upon

completion of transfer.

For example:
® To set bit 0to 1, write 0x101 to this register without affecting bit 1.
® To set bit 1 to 0, write 0x200 to this register without affecting bit 0.

® To set bit 0 and bit 1 to 1, write 0x303 to this register.
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11.5 Operation Procedure

11.5.1 Basic Hardware Flow Control

1. Configure the DMA_SARX register to specify the source address.
2. Configure the DMA_DARX register to specify the destination address.
3. Configure the DMA_CTLx register:
A. to enable interrupt if required.
B. to set the transfer data width and size.
C. toselect the flow control type; note that SRAM has no handshake signal, and SRAM is
identified as memory in TT_FC.
D. to select whether the address is incremented or decremented.
E. to select the burst transfer length.
4. Configure the DMA_CFGx register:
A. to select the channel priority.
B. to set whether to automatically restart the transmission.
C. to select the handshake signal.
D. to setthe HS_SEL field to O.
5. Configure the DMA_MASKBLOCK register to enable interrupt for corresponding channel if
required.
6. Configure the DMA_CFGREG register to enable DMA.
7. Configure the DMA_CHENREG register to enable the channel.
8. Wait for the interrupt or query DMA_CHENREG.

9. Clear the interrupt.
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11.5.2 Software Flow Control

8.

9.

Configure the DMA_SARX register to specify the source address.

Configure the DMA_DARX register to specify the destination address.
Configure the DMA_CTLx register:

A. to enable interrupt if required.

B. to set the transfer data width and size.

C. to select the flow control type.

D. to select whether the address is incremented or decremented.

E. to select the burst transfer length.

Configure the DMA_CFGx register:

A. to select the channel priority.

B. to setthe HS_SEL field to 1.

Configure the DMA_MASKBLOCK register to enable interrupt for corresponding channel if
required.

Configure the DMA_CFGREG register to enable DMA.

Configure the DMA_CHENREG register to enable the channel.

Software writes to the software handshake register to trigger the transmission.

Wait for the interrupt or query DMA_CHENREG.

10. Clear the interrupt.
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12 Digital Camera Interface (DCMI)

121 Overview

The DCMI can receive 8/10/12/14-bit data streams from the camera and supports multiple

formats and JPEG transmission.

12.2

Main Features

® 8/10/12/14-bit DVP interface

® Hardware / embedded code synchronization

® Continuous / single frame mode

® Window cropping function

® Built-in DMA data transfer

12.3 Pin Description
Table 12-1: DCMI Pin Description
Function Pin Alternate Direction | Functional Description
Function Pin
DCMI_PIXCLK | PA6 Input Digital camera clock signal input
DCMI_HSYNC | PA4 Input Digital camera line synchronization signal input
DCMI_VSYNC | PB7 Input Digital camera column synchronization signal input
DCMI_DO PA9, PC6 Input Digital camera data signal input
DCMI_D1 PA10, PC7 Input Digital camera data signal input
DCMI_D2 PC8, PEO Input Digital camera data signal input
DCMI_D3 PC9, PE1 Input Digital camera data signal input
DCMI_D4 PC11, PE4 Input Digital camera data signal input
DCMI_D5 PB6 Input Digital camera data signal input
DCMI_Dé6 PB8, PE5 Input Digital camera data signal input
DCMI_D7 PB9, PE6 Input Digital camera data signal input
DCMI_D8 PC10 Input Digital camera data signal input
DCMI_D9 PC12 Input Digital camera data signal input
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Alternate
Function Pin Direction | Functional Description
Function Pin
DCMI_D10 PB5 Input Digital camera data signal input
DCMI_D11 PD2 Input Digital camera data signal input
DCMI_D12 PDO Input Digital camera data signal input
DCMI_D13 PD1 Input Digital camera data signal input
12.4 Functional Description
12.4.1 Data Capture

12.4.1.1 8-bit Data

When the capture data width is set to 8 bits, every 4 captured data will fill one word of

memory. When one word of data is captured or the end of line (non-JPEG mode) or end of

frame is detected, the one word of data will be written to FIFO. The data storage format is

shown in the table below:

Table 12-2: 8-bit Data Storage Format

Bit

31:24

23:16

15:8

7:0

Data

Data 4

Data 3

Data 2

Data 1

12.4.1.2 10-bit Data

When the capture data width is set to 10 bits, every 2 captured data will fill one word of

memory. When one word of data is captured or the end of line (non-JPEG mode) or end of

frame is detected, the one word of data will be written to FIFO. The data storage format is

shown in the table below:

Table 12-3: 10-bit Data Storage Format

Bit 31:26 25:16 15:10 9:0
Data 6’b0 Data 2 6’b0 Data 1
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12.4.1.3 12-bit Data

When the capture data width is set to 12 bits, every 2 captured data will fill one word of
memory. When one word of data is captured or the end of line (non-JPEG mode) or end of
frame is detected, the one word of data will be written to FIFO. The data storage format is

shown in the table below:

Table 12-4: 12-bit Data Storage Format
Bit 31:28 27:16 15:12 11:0
Data 4’b0 Data 2 4’b0 Data 1

12.4.1.4 14-bit Data

When the capture data width is set to 14 bits, every 2 captured data will fill one word of
memory. When one word of data is captured or the end of line (non-JPEG mode) or end of
frame is detected, the one word of data will be written to FIFO. The data storage format is

shown in the table below:

Table 12-5: 14-bit Data Storage Format
Bit 31:30 29:16 15:14 13:0
Data 2’b0 Data 2 2’b0 Data 1

12.4.2 Hardware Synchronization Mode

In hardware synchronization mode, DCMI uses VSYNC and HSYNC signals to control signal
acquisition. When both VSYNC and HSYNC are invalid, DCMI will receive the data transmitted,
with valid HSYNC indicating the completion of one-line transmission and valid VSYNC
indicating the completion of one-frame transmission. The polarity of VSYNC, HSYNC and pixel

clock is programmable.
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12.4.3 JPEG Mode

When the JPEG mode is enabled, the functions of window cropping and embedded code
synchronization are disabled, and HSYNC is used only for data enable and will not trigger the

end-of-line write operation into the FIFO.

12.4.4 Embedded Code Synchronization Mode

With the embedded code synchronization mode on, the specific values contained in the data
stream are used instead of the VSYNC and HSYNC signals. This mode is available only when

the 8-bit data input is selected.

Set the feature code for detection in DCMI_ESC register and DCMI_ESCNASK register, then
synchronization can be triggered when FF 00 00 xx appears in the data stream with XX the

same as the feature code to start or stop the data acquisition.

The DCMI_ESCMASK register can be set to mask certain bits in the feature code for detection,
and synchronization can be triggered as long as the unmasked bits in the data match the
values set in the DCMI_ESC register. For example, if FS in DCMI_ESC is set to AA and FSM in
DCMI_ESCMASK is set to FO, the frame synchronization can be triggered as long as FF 00 00

AX (X = 0-F) appears in the data stream.

12.4.5 Window Cropping

The image acquisition range can be limited within a window area by setting the

DCMI_CROPSTART register and DCMI_CROPSIZE register.

12.4.6 Single-frame Capture

By using the single-frame capture mode, DCMI can automatically turn off capture once a

frame has been captured.
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12.5

Register

Register base address: 0x4020_0000

The registers are listed below:

Table 12-6: List of DCMI Registers

Offset Address Name Description

0x00 DCMI_CTRL Control register

0x04 DCMI_STATUS Status register

0x08 DCMI_INTRAW Raw interrupt register

0x0C DCMI_INTEN Interrupt enable register

0x10 DCMI_INTMASKED Interrupt status register

0x14 DCMI_INTCLR Interrupt clear register

0x18 DCMI_ESC Embedded code register

0x1C DCMI_ESCMASK Embedded code mask register

0x20 DCMI_CROPSTART Cropped window starting point register

0x24 DCMI_CROPSIZE Cropped window size register

0x28 DCMI_DATA Data register

0x2C DCMI_MSTCTRL Data output control register

0x30 DCMI_MSTADR Data output address register
12.5.1 Control Register (DCMI_CTRL)

Offset address: 0x00

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:16 | RSV - - Reserved
Select the input source when the input
data width is 8 bits:

15 INPUT_OFFSET | R/W 0x0 _
0: Input signal from DO-D7 ports
1: Input signal from D2-D9 ports
DCMI enable:

14 DCMI_EN R/W 0x0 0: Disabled
1: Enabled

13:12 | RSV - - Reserved
Data input width selection:

11:10 | WIDTH R/W 0x0
0: 8 bits
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Bit

Name

Attribute

Reset Value

Description

1: 10 bits
2: 12 bits
3: 14 bits

9:8

FRAME_RATE

R/W

0x0

Frame rate control:

0: Capture all frames

1: Capture half the frames
2/3: Capture 1/4 the frames

VSYNC_POL

R/W

0x0

Select the vertical synchronization
VSYNC polarity (this bit indicates the
level of VSYNC pin when the data is
invalid on the parallel interface):

0: Blanking at low level (VSYNC is
active low, no data is transmitted)

1: Blanking at high level (VSYNC is

active high, no data is transmitted)

HSYNC_POL

R/W

0x0

Select the horizontal synchronization
HSYNC polarity (this bit indicates the
level of HSYNC pin when the data is
invalid on the parallel interface):

0: Blanking at low level (HSYNC is
active low, no data is transmitted)

1: Blanking at high level (HSYNC is

active high, no data is transmitted)

CLK_POL

R/W

0x0

Select the clock polarity (this bit
configures the capture edge of the
pixel clock):

0: Active at falling edge

1: Active at rising edge

ESC_EN

R/W

0x0

Select hardware or embedded code
synchronization:
0: Hardware synchronization

1: Embedded code synchronization

JPEG_EN

R/W

0x0

JPEG mode enable:

0: JPEG mode disabled

1: JPEG mode enabled, disabling the
functions of frame rate reduction,

embedded code synchronization and
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Bit Name Attribute | Reset Value | Description

window cropping

Window cropping enable:
2 CROP_EN R/W 0x0 0: Disabled
1: Enabled

Single-frame capture enable:

0: Single-frame capture disabled

1 SINGLE_FRAME | R/W 0x0 1: Single-frame capture enabled, and
capture is automatically turned off

once a frame has been captured

Capture enable:
0 CAPTURE_EN R/W 0x0 0: Disabled
1: Enabled

12.5.2 Status Register (DCMI_STATUS)

Offset address: 0x04

Reset value: 0x0000 0003

Bit Name Attribute Reset Value Description

31:3 RSV - - Reserved
FIFIO status:

2 FIFO_EMPTY R 0x0 0: Empty
1: Not empty
VSYNC status:

1 VSYNC_STATUS | R 0x1 0: Transmitting data
1: Blanking
HSYNC status:

0 HSYNC_STATUS | R 0x1 0: Transmitting data
1: Blanking

12.5.3 Raw Interrupt Register (DCMI_INTRAW)

Offset address: 0x08

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

31:6 | RSV - - Reserved
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Bit | Name Attribute | Reset Value | Description

5 MST ERR R Ox0 Set when transmission error occurs in
output data

4 HSYNC R 0x0 Set when HSYNC is blanked

3 VSYNC R 0x0 Set when VSYNC is blanked

2 ESC_ERR R 0x0 Set when an error embedded code is received

1 OVERFLOW | R 0x0 Set when a FIFO overflow occurs

0 FRAME_END | R 0x0 Set when one frame is captured

12.5.4 Interrupt Enable Register (DCMI_INTEN)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit Name Attribute Reset Description
Value

31:6 | RSV - - Reserved

5 MST_ERR_EN R/W 0x0 Enable data transmission error interrupt

4 HSYNC_EN R/W 0x0 Enable HSYNC interrupt

3 VSYNC_EN R/W 0x0 Enable VSYNC interrupt

2 ESC_ERR_EN R/W 0x0 Enable embedded code error interrupt

1 OVERFLOW_EN | R/W 0x0 Enable FIFO overflow interrupt

0 FRAME_END_EN | R/W 0x0 Enable frame capture completion interrupt
12.5.5 Interrupt Status Register (DCMI_INTMASKED)

Offset address: 0x10

Reset value: 0x0000 0000

Bit | Name Attribute Reset Description
Value

31:6 | RSV - - Reserved

5 MST_ERR_MASKED R 0x0 Data transmission error interrupt status

4 HSYNC_MASKED R 0x0 HSYNC interrupt status

3 VSYNC_MASKED R 0x0 VSYNC interrupt status

2 ESC_ERR_MASKED R 0x0 Embedded code error interrupt status

1 OVERFLOW_MASKED | R 0x0 FIFO overflow interrupt status

0 FRAME_END_MASKED | R 0x0 Frame capture completion interrupt status
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12.5.6

Offset address: 0x14

Reset value: 0x0000 0000

Interrupt Clear Register (DCMI_INTCLR)

Bit | Name Attribute | Reset Value | Description
31:6 | RSV - - Reserved
Writing 1 to this bit clears the
5 MST_ERR_CLR 2 0x0 o )
transmission error interrupt.
Writing 1 to this bit clears the
4 HSYNC_CLR W 0x0
HSYNC interrupt.
Writing 1 to this bit clears the
3 VSYNC_CLR w 0x0
VSYNC interrupt.
Writing 1 to this bit clears the
2 ESC_ERR_CLR % 0x0
embedded code error interrupt.
Writing 1 to this bit clears the FIFO
1 OVERFLOW_CLR | W 0x0
overflow interrupt.
Writing 1 to this bit clears the frame
0 FRAME_END_CLR | W 0x0 o
capture completion interrupt.

12.5.7 Embedded Code Register (DCMI_ESC)

Offset address: 0x18

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

Set the embedded code for detecting the
31:24 FE R/W 0x0

end of a frame.

Set the embedded code for detecting the
23:16 LE R/W 0x0

end of aline.

Set the embedded code for detecting the
15:8 LS R/W 0x0

start of a line.

Set the embedded code for detecting the
7:0 FS R/W 0x0

start of a frame.
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12.5.8 Embedded Code Mask Register (DCMI_ESCMASK)

Offset address: 0x1C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

Set the embedded code detection mask bit
for detecting the end of a frame:

Bits set to 0 will not be detected.

Bits set to 1 will be detected.

Set the embedded code detection mask bit
for detecting the end of a line:

Bits set to 0 will not be detected.

Bits set to 1 will be detected.

Set the embedded code detection mask bit
for detecting the start of a line:

Bits set to 0 will not be detected.

Bits set to 1 will be detected.

Set the embedded code detection mask bit
for detecting the start of a frame:

Bits set to 0 will not be detected.

Bits set to 1 will be detected.

31:24 | FEM R/W 0x0

23:16 | LEM R/W 0x0

15:8 LSM R/W 0x0

7:0 FSM R/W 0x0

12.5.9 Cropping Window Starting Point Register
(DCMI_CROPSTART)

Offset address: 0x20

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:29 | RSV - - Reserved
Set the number of lines to skip
28:16 | VERTICAL_STARTPOINT R/W 0x0
before starting capture.
15:14 | RSV - - Reserved
Set the number of pixel clocks to
13:0 | HORIZONAL_STARTPOINT | R/W 0x0 skip before each line starts
capturing.
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12.5.10 Cropping Window Size Register (DCMI_CROPSIZE)

Offset address: 0x24

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:29 | RSV - - Reserved

Set the number of lines captured
28:16 | VERTICAL_SIZE R/W 0x0

per frame.
15:14 | RSV - - Reserved

Set the number of pixel clocks
13:0 HORIZONAL_SIZE | R/W 0x0

captured per line.

12.5.11 Data Register (DCMI_DATA)

Offset address: 0x28

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

DATA

R

0x0

Read this register to fetch data from FIFO.

12.5.12 Data Output Control Register (DCMI_MSTCTRL)

Offset address: 0x2C

Reset value: 0x0000 0016

Bit

Name

Attribute

Reset Value

Description

31:6

RSV

Reserved

ADRRST

R/W

0x0

Set whether to reset the transmission address
upon completion of a frame transmission:

0: Do not reset

1: The transmission address is automatically
reset to the original set address after a frame

is transmitted.

4:3

WIDTH

R/W

0x2

Set the data transmission width:
0: 8 bits

1: 16 bits

2/3: 32 bits
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Bit | Name Attribute | Reset Value | Description
Set whether to enable address auto-increment:
0/1: Disabled, data is output to the same
address
2:1 | ADRINCR | R/W 0x3 2: Enabled, data is output to the decremented
address
3: Enabled, data is output to the incremented
address
Set whether to enable automatic data output:
0 MST_EN | R/W 0x0 0: Disabled
1: Enabled

12.5.13 Data Output Address Register (DCMI_MSTADR)

Offset address: 0x30

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
Set the destination address of data output,
31:0 | MST_ADR | R/W 0x0 note that it shall be aligned with the data
transmission width.

12.6 Operation Procedure

12.

V1.9.

6.1 Capturing Data Using DCMI and Saving Data to Memory

Connect the external camera.

Configure the corresponding 10 pins as 12C_SCL and 12C_SDA, and check the 12C bus
status to ensure it is idle.

Configure the corresponding IO pins as camera_pdn and camera_rst respectively.
Configure the corresponding 10 pins as DCMI_PCLK, DCMI_VSYNC, DCMI_HSYNC and
DCMI_D0-D13 respectively to alternate DCMI functions.

camera pdn = 0 indicates the low-power mode is turned off, which can be reset by setting

the camera RST hardware. Note: It shall be configured according to datasheet of the
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

selected camera, taking ov2640 as an example, the same below.

Soft reset the camera via 12C. Read the camera ID.

Configure the camera to UXGA, RGB565 mode via 12C bus. Refer to the sample code for
specific parameter configuration.

Configure via 12C bus the camera screen selection size of 320 (width) * 240 (height).
Configure the camera clock frequency via 12C bus.

Enable DCMI clock and release DCMI reset.

Enable dcmi_frameend interrupt and DCMI hardware interrupt. When dcmi_frameend
interrupt is triggered, it means that a frame of data collected by DCMI from external
camera has been completely saved to the destination memory area.

Configure DCMI RX data width as 8 bits and configure the input signal as DO-D7. Note:
This step shall be carried out referring to the hardware design and data transmission
mode.

Configure DCMI VSYNC to be low, DCMI HSYNC to be low and DCMI PCLK to be high, and
enable hardware synchronization.

Set the cropping window starting point (DCMI_CROPSTART) and size (DCMI_CROPSIZE)
which shall be less than or equal to the camera screen selection size.

Enable window cropping crop_en = 1.

Configure the frame rate as capturing all frames, enable continuous capture, and disable
JPEG reception.

Set the DCMI data output destination address mst_adr to be the legal address of the
destination memory area.

Set the address to be reset automatically after one frame transmission; the DCMI output
data transfer width is 8 bits; set the output address to be automatically incremented by 1.
Note: The data width shall be configured according to the actual application.

Enable automatic data output: mst_en = 1.
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20.

Enable DCMI and DCMI capture, so that DCMI stores the captured data to the designated

memory area.

12.6.2 Capturing Data Using DCMI and Transferring It Directly to

Destination Address

10.

11.

12.

13.

Connect the external camera.

Configure the corresponding 10 pins as 12C_SCL and 12C_SDA, and check the 12C bus
status to ensure it is idle.

Configure the corresponding IO pins as camera_pdn and camera_rst respectively.
Configure the corresponding 10 pins as DCMI_PCLK, DCMI_VSYNC, DCMI_HSYNC and
DCMI_D0-D13 respectively to alternate DCMI functions.

camera pdn = 0 indicates the low-power mode is turned off, which can be reset by setting
the camera RST hardware. Note: It shall be configured according to datasheet of the
selected camera, taking ov2640 as an example, the same below.

Soft reset the camera via 12C. Read the camera ID.

Configure the camera to UXGA, RGB565 mode via 12C bus. Refer to the sample code for
specific parameter configuration.

Configure via 12C bus the camera screen selection size of 320 (width) * 240 (height).
Configure the camera clock frequency via 12C bus.

Enable DCMI clock and release DCMI reset.

Configure DCMI RX data width as 8 bits and configure the input signal as DO-D7. Note:
This step shall be carried out referring to the hardware design and data transmission
mode.

Configure DCMI VSYNC to be low, DCMI HSYNC to be low and DCMI PCLK to be high, and
enable hardware synchronization.

Set the cropping window starting point (DCMI_CROPSTART) and size (DCMI_CROPSIZE)
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14.

15.

16.

17.

18.

19.

which shall be less than or equal to the camera screen selection size.

Enable window cropping crop_en = 1.

Configure the frame rate as capturing all frames, enable continuous capture, and disable
JPEG reception.

Set the DCMI data output destination address mst_adr as the destination peripheral
address, e.g. EMC 180 data input register address.

The DCMI output data transfer width is 16 bits; set the output address to be unchanged.
Note: The data width shall be configured according to the actual application.

Enable automatic data output: mst_en = 1.

Enable DCMI and DCMI capture, so that DCMI transfers the captured data to the

designated peripheral address.

12.6.3 Capturing Data Using DCMI and Transferring It to
Destination Address via DMA

Connect the external camera.

Configure the corresponding 10 pins as 12C_SCL and 12C_SDA, and check the 12C bus
status to ensure it is idle.

Configure the corresponding |O pins as camera_pdn and camera_rst respectively.
Configure the corresponding 10 pins as DCMI_PCLK, DCMI_VSYNC, DCMI_HSYNC and
DCMI_D0-D13 respectively to alternate DCMI functions.

camera pdn = 0 indicates the low-power mode is turned off, which can be reset by setting
the camera RST hardware. Note: It shall be configured according to datasheet of the
selected camera, taking ov2640 as an example, the same below.

Soft reset the camera via 12C. Read the camera ID.

Configure the camera to UXGA, RGB565 mode via 12C bus. Refer to the sample code for

specific parameter configuration.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Configure via 12C bus the camera screen selection size of 320 (width) * 240 (height).
Configure the camera clock frequency via 12C bus.

Enable DCMI clock and release DCMI reset.

Configure DCMI RX data width as 8 bits and configure the input signal as DO-D7. Note:
This step shall be carried out referring to the hardware design and data transmission
mode.

Configure DCMI VSYNC to be low, DCMI HSYNC to be low and DCMI PCLK to be high, and
enable hardware synchronization.

Set the cropping window starting point (DCMI_CROPSTART) and size (DCMI_CROPSIZE)
which shall be less than or equal to the camera screen selection size.

Enable window cropping crop_en = 1.

Configure the frame rate as capturing all frames, enable continuous capture, and disable
JPEG reception.

Set the DCMI data output destination address mst_adr as the destination peripheral
address, e.g. EMC 180 data input register address.

The DCMI output data transfer width is 16 bits; set the output address to be unchanged.
Note: The data width shall be configured according to the actual application.

Disable automatic data output: mst_en = 0. In this mode, the output address is reset, and
the configuration of output data width and output address is invalid. By default, DMA
mode adopts 32-bit data width transmission internally.

Enable DCMI and DCMI capture.

Enable DMA1 clock and release DMA1 reset. Example: DMA carries DCMI data to EMC.
Initialize DMA and channel configuration, for example, configure both the source address
and destination address to be unchanged for DMA1 channel 1 transfer from peripheral to
memory. Both the source and destination DMA burst lengths are 1. The source data

transfer width is 32 bits, and the destination data transfer width is 16 bits. Both source
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and destination transfers are hardware synchronized. The source handshake signal is
signal 1, and the destination handshake signal is an arbitrary value (memory).

22. Enable DMA module. Enable DMA1 interrupt and hook the interrupt handler function.

23. Enable DMAT1 to transfer data, in this case: For DMA1 channel 1, the source address is set
by DCMI_DATA register, and the destination register is set by EMC_DATA register.
Configure the transfer data length as 1/4 the total bytes of a row of pixels. See DMA
chapter introduction or sample code for details of DMA configuration.

24, Enter DMA interrupt after each line of data transmission to perform line counting and
start the next line of DMA data transmission. When the transmission of a frame is
completed, the line count is cleared, at this point the captured data of a frame has been
completely transferred to the destination peripheral, and the first DMA transfer of a new

frame of data is started.

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 160



UM324xF User Manual External Memory Controller (EMC)

13 External Memory Controller (EMC)

13.1 Overview

The module supports SRAM, NOR FLASH and 180 interface functions. The EMC is responsible
for controlling the transmission of information between the internal local bus and the external
memory module (synchronous or asynchronous). Also this module can be used as TFT-LCD

controller to support TFT-LCD with 8080 interface.

13.2 Main Features

® Off-chip SRAM and NOR Flash extensions
® 8080 TFT-LCD control

® Write protection

® Configurable 8-/16-bit external interface

® Configurable waiting time for write and read operations

13.3 Pin Description

Table 13-1: EMC Pin Description

Function Pin Alternate Direction Functional Description
Function Pin
EX_NCE (csn0) PD7 Output Chip select signal
EX_RS (rs) PDé6 Output Data and command selection
EX_WR (wen) PD5 Output Write enable
EX_RD (oen) PD4 Output Read enable
EX_BA[1] (EBn[1]) | PE1 Output Valid bit control for higher 8 bits of data
EX_BA[O] (EBn[0]) | PEO Output Valid bit control for lower 8 bits of data
EX_RST - Output Control with a GPIO
EX_DO PD14 Input/output | Data input/output
EX_D1 PD15 Input/output | Data input/output
EX_D2 PDO Input/output | Data input/output
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Function Pin Alternate Direction Functional Description
Function Pin
EX_D3 PD1 Input/output | Data input/output
EX_D4 PE7 Input/output | Data input/output
EX_D5 PES8 Input/output | Data input/output
EX_Dé PE9 Input/output | Data input/output
EX_D7 PE10 Input/output | Data input/output
EX_D8 PE11 Input/output | Data input/output
EX_D9 PE12 Input/output | Data input/output
EX_D10 PE13 Input/output | Data input/output
EX_D11 PE14 Input/output | Data input/output
EX_D12 PE15 Input/output | Data input/output
EX_D13 PD8 Input/output | Data input/output
EX_D14 PD9 Input/output | Data input/output
EX_D15 PD10 Input/output | Data input/output
MEM_AOQ PB10 Output Address line
MEM_A1 PB11 Output Address line
MEM_A2 PB12 Output Address line
MEM_A3 PB13 Output Address line
MEM_A4 PCO Output Address line
MEM_A5 PC1 Output Address line
MEM_Ab PC2 Output Address line
MEM_A7 PC3 Output Address line
MEM_A8 PC4 Output Address line
MEM_A9 PC5 Output Address line
MEM_A10 PE2 Output Address line
MEM_A11 PE3 Output Address line
MEM_A12 PE4 Output Address line
MEM_A13 PE5 Output Address line
MEM_A14 PE6 Output Address line
MEM_A15 PD3 Output Address line
MEM_A16 PD11 Output Address line
MEM_A17 PD12 Output Address line
MEM_A18 PD13 Output Address line
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13.4 Functional Description

13.4.1 Chip Select

The CSen signal in the EMC_CSCRO register corresponds to a peripheral chip select enable.
Setting CSen in the register does not mean that the external chip select signal CSnx is active
low, which is effective only when CSen in the register is 1 and a read/write operation is

performed on the corresponding peripheral address area.

13.4.2 EBn Signal Timing

For CSnx write operation, the setup time and cancellation time of EBn signal can be flexibly
configured. However, for read operation, only the setup time is configured. The cancellation

time of read operation is always at the end of the rising edge.

The timing diagram of write operation is shown in the following figure:

SN R S B S I B O B

CSn_| Ii
WEn |
EBnx |‘< twws ;l
. D
OEn
Data_out :" "

Figure 13-1: Write Operation Timing Diagram for Off-chip Memory Controller
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The timing diagram of read operation is shown in the following figure:

CSn _| Ii
OEn |
EBNnx |‘< trws ;l
tass tneg
WEN
Data_in " Data Valid "

Figure 13-2: Read Operation Timing Diagram for Off-chip Memory Controller
The corresponding time of read/write timing of off-chip memory is shown in the table below:

Table 13-2: Corresponding Time of Read/Write Timing of Off-chip Memory

Wats/Rats/Aats | tas Wnts theg Wws/Rws tuwws/trws
000 0 000 0 0000 1
001 1 001 1 0001 2
010 2 010 2 0010 3
011 3 011 3 0011 4
100 4 100 4 0100 5
101 5 101 5 0101 6
110 6 110 6 0110 7
111 7 111 7 0111 8
1000 9
1001 10
1010 11
1011 12
) ) ) ) 1100 13
1101 14
1110 15
1111 16

Note: For TFT reading, tneg is valid, that is, theg time is included in the timing.
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13.4.3 Byte Enable Pin

PS in the EMC_CSCRO register is set according to the data bit width of the externally

connected peripheral. The EMC controller supports peripherals with external data of 8/16 bits,

which can be accessed by CPU in a bit width higher than that of the peripheral data. For

example, if the peripheral data width is 8 bits, when the CPU initiates a 32-bit write command,

the EMC controller will internally divide the 32-bit command into four independent write

operations. An error will occur when the CPU initiates an access below the minimum specified

data width of the peripheral, and the software shall avoid initiating such an operation.

The following table shows the correspondence between EBn and peripheral data lines.

Table 13-3: Correspondence between EBn and Peripheral Data Line

Minimum Access Data

Peripheral Data Bit

External Data Interface

Bit Width Supported by . L. EBnx .
Width (Unit: Bit ) Signal

Peripheral (Unit: Bit )

8 16 EBnx[1] | Data_in / Data_out[15:8]
EBnx[0] | Data_in/ Data_out[7:0]
EBnx[1] | -

16 16
EBnx[0] | Data_in / Data_out[15:0]
EBnx[1] | -

8 8
EBnx[0] | Data_in / Data_out[7:0]

13.4.4 TFT_LCD Control

The EMC module supports 8080 TFT-LCD control. The 8080 TFT-LCD timing interface i

shown in the following figure:
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o | L L LI L UL

RS/Oen/
wen | I
csn e
tass ‘ tneg
Data_in [| Datavalid |
Data_out " "

Figure 13-3: 18080 TFT_LCD Timing Interface
RS in EMC module is used to select command operation or data transfer operation, depending

on whether the register for this operation is EMC_CMD or EMC_DATA.

Note: For TFT reading, tneg is valid, that is, theg time is included in the read timing.

13.5 Register Description

EMC register base address: 0x6A00_0000
The registers are listed below:

Table 13-4: List of EMC Registers

Offset Address Name Description

0x00 EMC_CSCRO Chip select control register 0

0x10 EMC_TFTS TFT selection interface register
0x14 EMC_CMD CMD channel register in TFT mode
0x18 EMC_DATA DATA channel register in TFT mode
0x1C EMC_SEGO Segment register 0

Segment start address: 0x6800_0000

Table 13-5: Chip Select Segment Start Address
Offset Address Name Description

Start address of the chip select segment x,
0x800000*x UM_SEG_ADDRX

which takes the value of 0-3.

Registers are detailed in the following sections.

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 166




UM324xF User Manual External Memory Controller (EMC)

13.5.1 Chip Select Control Register (EMC_CSCRO)

Offset address: 0x00

Reset value: 0x7770 2FF0

Bit Name | Attribute Reset Description
Value
31 RSV - - Reserved

Write signal valid time selection:

30:28 | WATS | R/W 0x7 Time interval between CSn signal being valid and EBn
signal being valid

27 RSV - - Reserved

Write signal invalid time selection:

26:24 | WNTS | R/W 0x7 Time interval between EBn signal being invalid and
CSn signal being invalid

23 RSV - - Reserved

Read signal valid time selection:

22:20 | RATS | R/W 0x7 Time interval between CSn signal being valid and
EBn/OEn signal being valid

19:15 | RSV - - Reserved

RO bit is used to restrict write access to the address

field under the corresponding chip select:

1: Only read access is allowed.

0: Both read and write accesses are allowed.

When accessing a chip-selected memory space, the
chip select logic will compare the RO bit with the
14 RO R/W 0
internal read/write signal. If a violation is detected by
the chip select logic, the access will be ignored.

1: Only read access is allowed; the chip select logic will
ignore the write access.

0: Both read and write accesses are allowed.

This bit does not work in TFT mode.

External port bit width selection:
13 PS R/W 0x1 0: 16-bit port

1: 8-bit port

12 RSV - - Reserved

WWS filed determines the number of clock cycles for

11:8 | WWS | R/IW OxF
the write wait state.
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Reset
Bit Name | Attribute Description
Value
RWS filed determines the number of clock cycles for
7:4 RWS R/W OxF

the read wait state.
3:1 RSV - - Reserved

The CSen bit is used to enable chip select logic:

If the chip select is disabled, the external chip select
0 CSEN | R/'W 0x0 signal will be active high.

1: Chip select enabled

0: Chip select disabled

13.5.2 TFT Mode Channel Register (EMC_TTS)

Offset address: 0x10

Reset value: 0x0000 0003

. . Reset L.
Bit | Name | Attribute Description
Value

31:2 | RSV - - Reserved

TFT mode selection:

00: Peripheral controlled by CSn0 is in TFT mode, used
for 8080 TFT-LCD control

1.0 | TFTS R/W 3 01: Peripheral controlled by CSn0 is in SRAM mode,
used for external extension of SRAM

10: Peripheral controlled by CSn0 is in NORFlash

mode, used for external extension of NOR Flash

13.5.3 TFT Command Channel Register (EMC_CMD)

Offset address: Ox14

Reset value: 0x0000 0000

. . Reset ..
Bit | Name Attribute Description
Value
If the peripheral is selected in TFT mode, reading from
or writing to this register will interpret the data as the
31:0 | CMD W 0x0
content of a command (Cmd), initiating a TFT
command operation.
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13.5.4 TFT Data Channel Register (EMC_DATA)

Offset address: 0x18

Reset value: 0x0000 0000

. . Default L.
Bit Name | Attribute Description
Value

If the peripheral is selected in TFT mode, reading from
31:.0 | DATA | R/IW 0x0 or writing to this register will interpret the data as the

content of data, initiating a TFT Data operation.

13.5.5 Segment Register (EMC_SEGO)

Offset address: 0x1C

Reset value: OxOFFF 8000

Reset
Bit Name | Attribute Description
Value

31:28 | RSV - - Reserved

Size setting bit of the memory area (SEG0)
27:15 | SIZE R/W OxTFFF | corresponding to CSenO:
SEGO (capacity: byte) = (Size + 1) * 1K

Start address of the memory area (SEGO)

corresponding to CSen0, aligned in 1 KB: that is, the
14:.0 | START | R/W 0
address here is in unit of 1 KB, and the smallest unit of

each SEGis 1 KB.

13.6 Operation Procedure

13.6.1 Off-chip Memory Read Operation

1. Configure the 10 pins as EMC CSn, WEn, RS, OEn, D0-D15, A0O-A18, DQMO0 and DQM1 to
alternate EMC functions.
2. Enable EMC clock and release EMC reset.

3. Configure EMC CSNO to non-TFT mode.
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4.

Set bit[30:28], bit[26:24], bit[22:20], bit[11:8] and bit[7:4] in the EMC_CSCRO register, the
setting value can refer to the default value or be configured according to the peripheral
parameters used.

Set EMC_CSCRO[14] to read-only/read-write allowed. The external port bit width is set to
16 bits or 8 bits according to the peripheral parameters.

Obtain the start address UM_SEG_ADDRO of the chip-selected memory area.

Set the segment register EMC_SEGO.

Enable CSNO.

Initiate a read operation on the corresponding legal chip-selected memory area.

13.6.2 Off-chip Memory Write Operation

1.

Configure the 10 pins as EMC CSn, WEn, RS, OEn, D0O-D15, A0-A18, DQMO0 and DQM1 to
alternate EMC functions.

Enable EMC clock and release EMC reset.

Configure EMC CSNO to non-TFT mode.

Set bit[30:28], bit[26:24], bit[22:20], bit[11:8] and bit[7:4] in the EMC_CSCRO register, the
setting value can refer to the default value or be configured according to the peripheral
parameters used.

Set EMC_CSCRO[14] to read-write allowed. The external port bit width is set to 16 bits or
8 bits according to the peripheral parameters.

Obtain the start address UM_SEG_ADDRO of the chip-selected memory area.

Set the segment register EMC_SEGO.

Enable CSNO.

Initiate a write operation on the corresponding legal chip-selected memory area.
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13.6.3 TFT_LCD Operation

1.

Configure the 10 pins as EMC CSn, WEn, RS, OEn and DO-D15 respectively to alternate
EMC functions.

Enable EMC clock and release EMC reset.

Configure EMC CSNO to TFT mode.

Set bit[30:28], bit[26:24], bit[22:20], bit[11:8] and bit[7:4] in the EMC_CSCRO register, the
setting value can refer to the default value or be configured according to the peripheral
parameters used.

Set EMC_CSCRO[14] to read-write allowed. The external port bit width is set to 16 bits or
8 bits according to the peripheral parameters.

Enable CSNO.

Write data to EMC_CMD to initiate peripheral command transfer.

Read and write data to EMC_DATA to initiate peripheral data transfer.
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14 Hardware Acceleration Co-processor
(CORDIC)

141 Overview

The CORDIC provides hardware acceleration of certain mathematical functions such as
m-sin @ m-cos8 atan2(V, X), JxE+ yz’ y-x y/x sinhw coshw tanh” l(y/x), In(¥), \/;C’

etc.

14.2 Main Features

® 24-bit CORDIC rotation engine
® AHB interface supporting 16-bit and 32-bit fixed point input and output formats
® DMA available

® Configurable input/output data address

14.3 Functional Description

14.3.1 Data Format and Input/Output

This module adopts 24-bit data internally for operation, and the data input and output can be
selected in either 32-bit or 16-bit format for data transfer. The data format range in this

section applies to all function modes.

When the 32-bit format is selected, the higher 24 bits are the input and output data, and the
lower 8 bits are meaningless. If signed, the signed 32-bit format can be used for operation in
the system. The decimal point of the data is located between bit [23] and bit [22]. If the data is
signed, the whole data is represented in the range of [-1, (2% - 1) / 223, i.e. [0x80000000,

Ox7FFFFFFF]. If the data is not signed, it is represented in the range of [0, (2% - 1) / 2%%], i.e.
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[0x0, OXFFFFFFOO0]. The following is an example of data conversion [applicable to positive and

negative numbers]:

Input Data x Calculation

Converted Data [DEC] | Converted Data [HEX]
[DEC] Formula
0.25 X * 231 536870912 0x20000000

When the 16-bit format is selected, the 16-bit data is the higher 16 bits of the internal data,
and the lower 8 bits of the input data are filled with 0. If the data is signed, the signed 16-bit
format can be used for operation in the system, and the whole data is represented in the
range of [-1, (25 - 1) / 2'%], i.e. [0x8000, Ox7FFF]. If the data is not signed, it is represented in

the range of [0, (26 - 1) / 2'%], i.e. [0x0, OxFFFF].

Input Data x Calculation Converted Data

Converted Data [HEX]
[DEC] Formula [DEC]
0.25 x * 218 8192 0x00002000

If two data inputs are required for an operation, the operation will start automatically when
both data are written; if only one data is required, writing one data will automatically starts

the operation.

14.3.2 Function Mode 0: M *sin® ym - cosf

When the function mode 0; 7 * Sin @ ym - c0s 8 jg gelected, the input and output data are as

follows:
Table 14-1: Input and Output Table of Cordic Controller Function Mode 0
Input Data 1 | Input Data 2 Output Data 1 | Output Data 2
Content | @ m m-sin 6 m- cosf
Sign bit | True True True True
1 can be represented by
Ox7FFFFF (XX) (32-bit mode)
The unit is
Remarks or Ox7FFF (16-bit mode), - -
nrad.
where no multiplication is
performed.
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Relevant calculation: tan @ = sin @ = cos @

Notes:

1. The sign bit indicates whether the data is signed, and the MSB bit of the signed data
represents the sign.
True: signed; False: Not signed.

2. For the data input range, please refer to Chapter 14.3.1 Data Format and Input/Output.

3. The above notes are applicable to all function modes.

14.3.3 Function Mode 1: Atan2(y, x) / V(< + %)

[2 2
When the function mode 1: Atan2(y, x) / V¥ T is selected, the input and output data are as

follows:
Table 14-2: Input and Output Table of Cordic Controller Function Mode 1
Input Data 1 | Input Data 2 | Output Data 1 Output Data 2
Content |y X atan2 (y, x) \/xz + y*
Sign bit | True True True False
Bit [23] indicates that the
o decimal point is preceded
Remarks | - - The unit is T 7ad,
by 0 or 1, not the sign, and
the range is [0, V2],

-1 -Na-n
Relevant calculation: tan —~ x = atan2(x -2~ 2" ")

14.3.4 Function Mode 2:Y " X

When the function mode 2: Y * % is selected, the input and output data are as follows:

Table 14-3: Input and Output Table of Cordic Controller Function Mode 2

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content |y X yx -
Sign bit | True True True -
Remarks | - - - -
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14.3.5 Function Mode 3: V/%

When the function mode 3: Y/X is selected, the input and output data are as follows:

Table 14-4: Input and Output Table of Cordic Controller Function Mode 3

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content |y X y/x -
Sign bit | True True True -
Remarks | It is required that 1Y = |, - -

14.3.6 Function Mode 4: sinhw 7 coshw

When the function mode 4: Sith W/ cosh W is selected, the input and output data are as

follows:
Table 14-5: Input and Output Table of Cordic Controller Function Mode 4
Input Data 1 Input Data 2 | Output Data 1 Output Data 2
Content |27 1. w - 2 1. sinhw 271 coshw
Sign bit | True - True False
Remarks | w € [ - 1.1181,1.1181] | - Range in [0, 1.366] | Range in [0, 1.693]

Relevant calculation: eV = sinhw + coshw

14.3.7 Function Mode 5: tanh ™' (y/x)

-1
When the function mode 5: tanh—~(¥/X) is selected, the input and output data are as follows:

Table 14-6: Input and Output Table of Cordic Controller Function Mode 5

Input Data 1 Input Data 2 Output Data 1 | Output Data 2
Content |y x 2-1.p -
Sign bit | True False True -
It is able to take the point (Y*X) from the
ranges of y € [-1,1) and x € [0,2), or enter
Remarks - -
y =2""-tanh 8 and x = 27", requiring that
(v/x) € [ - 0.8069, 0.8069]
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14.3.8 Function Mode 6: In(%)

When the function mode 6: In(*) is selected, the input and output data format varies
depending on the range of input data, requiring a numerical range SCALE in the control

register, as follows:

When x € [0.1069, 1), make SCALE = 0.

Table 14-7: Input and Output Table 1 of Cordic Controller Function Mode 6

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content X - 2 % Inx -
Sign bit False - True -
Remarks x € [0.1069, 1) - - -
When x € (1, 3), make SCALE = 1.
Table 14-8: Input and Output Table 2 of Cordic Controller Function Mode 6
Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content 21 x - 2 % Inx -
Sign bit False -- True -
Remarks x € (1,3) - - -

When * € [3,7) make SCALE = 2.

Table 14-9: Input and Output Table 3 of Cordic Controller Function Mode 6

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content 272 - 272 Inx -
Sign bit False - True -
Remarks x €[3,7) - - -

When X € [7,9.35] make SCALE = 3.

Table 14-10: Input and Output Table 4 of Cordic Controller Function Mode 6

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content 2-3 - 272 Inx -
Sign bit False - True -
Remarks x € [7,9.35] - - _

Relevant calculation: wt = efInw
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14.3.9 Function Mode 7; 597(X)

When the function mode 7: \/E i.e. Sgr(x), is selected, the input and output data format varies
depending on the range of input data, requiring a numerical range SCALE in the control

register, as follows:

When X € [0.1069, 1) ' make SCALE = 0.

Table 14-11: Input and Output Table 1 of Cordic Controller Function Mode 7

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content | x - Jx -
Sign bit False - False -
Remarks | x € [0.1069, 1) - - -

When X € (1, 3) make SCALE = 1.

Table 14-12: Input and Output Table 2 of Cordic Controller Function Mode 7

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content |2~ 1.x - 271 x -
Sign bit False = False -
Remarks | x € (1, 3) - - -

When ¥ € [3,7) make SCALE = 2.

Table 14-13: Input and Output Table 3 of Cordic Controller Function Mode 7

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content |27 2.y - 27% Jx N
Sign bit False - False -
Remarks | x € [3,7) - - -

When ¥ € [7,9.35] ‘make SCALE = 3.

Table 14-14: Input and Output Table 4 of Cordic Controller Function Mode 7

Input Data 1 Input Data 2 Output Data 1 Output Data 2
Content 273 . x - 2% x -
Sign bit False - False -
Remarks x € [7,9.35] - - _
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14.4 Register Description

Register base address: 0x4540_0000

The registers are listed below:

Table 14-15: List of Cordic Controller Registers

Offset Address Name Description
0x00 CORDIC_CTRL Control register
0x04 CORDIC_DIN1 Input register 1
0x08 CORDIC_DIN2 Input register 2
0x0C CORDIC_DOUT1 Output register 1
0x10 CORDIC_DOUT2 Output register 2

Registers are detailed in the following sections.

14.4.1

Control Register (CORDIC_CTRL)

Offset address: 0x00

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value

0: No currently-available operation result
31 DATA_READY | R 0x0

1: With currently-available operation result
30:22 | RSV - - Reserved

Scaling factor of argument calculated via In(¥)
21:20 | SCALE R/W 0x0

and V¥ is determined by the value of *.
19:18 | RSV - - Reserved

Output data DMA enable:
17 DMA_OUT R/W 0x0 0: Output data DMA disabled

1: Output data DMA enabled

Input data DMA enable:
16 DMA_IN R/W 0x0 0: Input data DMA disabled

1: Input data DMA enabled
15:14 | RSV - - Reserved

Output data merge, available only when the
13 MERGE_OUT | R/'W 0x0

16-bit bus mode is used for data output:
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. . Reset L.
Bit Name Attribute Description
Value

0: Data is output in two parts.

1: The lower 16 bits of the data output
register 1 is read as the first argument, and
the higher 16 bits is read as the second

argument.

Input data merge, available only when the 16-
bit bus mode is used for data input:

0: Data is input in two parts.

12 MERGE_IN R/W 0x0 1: The lower 16 bits of the data input register
1 is written with the first argument, and the
higher 16 bits is written with the second

argument.

Output address mode:

0: Read data from two data output registers
11 ADDR_OUT R/W 0x0 respectively.

1: Both arguments can be read sequentially

from data output register 1.

Input address mode:

0: Two arguments shall be written into two

10 ADDR_IN R/W 0x0 data input registers respectively.

1: Both arguments can be written sequentially

into data input register 1.

Data output transfer mode:

0: 32-bit bus transfer mode adopted for data
9 WIDTH_OUT | R/W 0x0 output

1: 16-bit bus transfer mode adopted for data
output

Data input transfer mode:

0: 32-bit bus transfer mode adopted for data
8 WIDTH_IN R/W 0x0 input

1: 16-bit bus transfer mode adopted for data
input

(Number of iterations in operation / 2)

The more number of iterations, the more
7:4 ITERATION R/W 12
accurate it is and the longer it takes.

The available range is [4, 12].
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. . Reset L.
Bit Name Attribute Description
Value

3 RSV - - Reserved
Function modes

0: Mode 0 selected
m - sinf)/m-cosﬂ

1: Mode 1 selected

2. 2
atan2(y,x) /vX TV

2: Mode 2 selected

y-x
3: Mode 3 selected

20 | MODE R/W 0x0 y/x

4: Mode 4 selected
sinhw s coshw

5: Mode 5 selected
tanh”™ ](y/x)

6: Mode 6 selected
In(¥)

7: Mode 7 selected

N
14.4.2 Data Input Register 1 (CORDIC_DIN1)

Offset address: 0x04

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 DIN1 W 0x0 Write input data to this register.

14.4.3 Data Input Register 2 (CORDIC_DIN2)

Offset address: 0x08

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 DIN2 W 0x0 Write input data to this register.
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14.4.4 Data Output Register 1 (CORDIC_DOUT1)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

31:0 | DOUTT |R 0x0 Read the operation result from this register.

14.4.5 Data Output Register 2 (CORDIC_DOUT2)

Offset address: 0x10

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

31:.0 | DOUT2 |R 0x0 Read the operation result from this register.

14.5 Operation Procedure

1. Enable CORDIC module clock and release the reset.

2. Set the input/output address format, data format, etc.

3. Set the number of operations (the higher the number, the more accurate the operation

result).

4. Set the operation mode and the input/output data transfer mode.

5. Input the appropriate data to CORDIC_DIN1 and CORDIC_DIN2 according to the set

operation mode.
6. Wait for CORDIC_CTRL[31] to be set.

7. Read the two output data from CORDIC_DOUT1 and CORDIC_DOUT?2.

14.6 Calculation Example

The relevant calculation background in this section is the default configuration of

CORDIC_CTRL: [input/output calculation in other modes can refer to this mode].

Default configuration: Input/output data format: 32-bit
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Data input and output: Input through two input registers
Data transfer mode: CPU
Calculation function mode: Function mode 0
Calculation method for converting input data 1 into the hardware-specified format:
0.25 [DEC] = 0.25 * 237 [DEC]
= 536,870,912 [DEC]
= 0x20000000 [HEX]

Calculation method for converting input data 2 into the hardware-specified format:

0.00390625 [DEC] = 0.00390625 * 23" [DEC]
= 8388608 [DEC]
= 0x00800000 [HEX]

Input the above calculation results into CORDIC_DIN1 and CORDIC_DIN2 respectively, then the
hardware can start the calculation, the results of which can be obtained from CORDIC_DOUT1

and CORDIC_DOUT?2.

Verify the calculation results:

Theoretical calculation result of output data 1:

m * sin® = 0.00390625 * (sin (0.25 * ™)) [DEC]
=0.00390625 * 0.7071067811865 [DEC]
=0.0027621358640099512671907982 [DEC] * 2%
=5931641.601515722055569 [DEC]

= 5A8279 [HEX]
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Theoretical calculation result of output data 2:

m * cosO = 0.00390625 * (cos (0.25 * )) [DEC]
=0.00390625 * 0.7071067811865 [DEC]
=0.00276213586400995 [DEC]
=5,931,641.601515722055569 [DEC] * 231
= 5A8279 [HEX]

The result of hardware automatic calculation is 0x5a8300 [error: 135, mainly from the decimal

point].
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15 Advanced Encryption and Decryption
Algorithm Accelerator (AES)

15.1 Overview

The AES module encrypts or decrypts data using AES-128 or AES-256 algorithm defined in

Federal information processing standards (FIPS) publication 197.

15.2 Main Features

® Cipher key lengths of 128 or 256 bits

® Support multiple chaining modes: CBC, ECB, ETR, CCM, CMAC and GCM

® Support encryption and decryption

® All data is in big-endian order according to AES regulations.

® Separate interfaces for key and message: low-capacity interface for key, and FIFO
interacting with the interface for data input and output

® Using DMA for data input and output

® Instant key expansion available, no additional storage space required

® For a message, only packet-based encryption and decryption are supported, while
message switching is not supported.

® Three-key mode supported

15.3 Functional Description

15.3.1 Encryption and Decryption

Once the key is loaded, the algorithm core can be started by enabling the AES_GO control bit,
which will automatically read the data and perform the algorithm. Upon completion of the

algorithm, the AES_DONE bit is enabled and the data is automatically output.
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15.4 Register Description

Register base address: 0x4510_0000
The registers are listed below:

Table 15-1: List of AES Registers

Offset Address | Name Description

0x00 AES_MSGCFG Message control register

0x04 AES_CTXCFG Key control register

0x08 AES_MSGTOTALBYTES | Message length register

0x0C AES_MSGAADBYTES Additional message length register
0x10 AES_GCMAADINFO GCM mode additional message length register
0x14 AES_CTXKEYSEL Key selection register

0x20 AES_CTXKEYO Key register 0

0x24 AES_CTXKEY1 Key register 1

0x28 AES_CTXKEY2 Key register 2

0x2C AES_CTXKEY3 Key register 3

0x30 AES_CTXKEY4 Key register 4

0x34 AES_CTXKEY5 Key register 5

0x38 AES_CTXKEY6 Key register 6

0x3C AES_CTXKEY7 Key register 7

0x40 AES_CTXCBCKEYO CBC mode key register 0

Ox44 AES_CTXCBCKEY1 CBC mode key register 1

0x48 AES_CTXCBCKEY2 CBC mode key register 2

0x4C AES_CTXCBCKEY3 CBC mode key register 3

0x50 AES_CTXCTRO CTR mode operator register 0

0x54 AES_CTXCTR1 CTR mode operator register 1

0x58 AES_CTXCTR2 CTR mode operator register 2

0x5C AES_CTXCTR3 CTR mode operator register 3

0x60 AES_CTXIVO Initialization vector register 0

Ox64 AES_CTXIV1 Initialization vector register 1

0x68 AES CTXIV2 Initialization vector register 2

0x6C AES_CTXIV3 Initialization vector register 3

0x70 AES_CTXMACO Message authentication code register 0
0x74 AES_CTXMAC1 Message authentication code register 1
0x78 AES_CTXMAC2 Message authentication code register 2
0x7C AES_CTXMAC3 Message authentication code register 3
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Offset Address | Name Description

0x80 AES_INGRESSFIFO Input FIFO register

0x84 AES_INGFSTATUS Input FIFO status register

0x88 AES_ENGRESSFIFO Output FIFO register

0x8C AES_ENGFSTATUS Output FIFO status register

0x90 AES_DMAINGLEN DMA input length register

0x94 AES_INGDBCFG DMA input burst transfer setting register
0x98 AES_DMAENGLEN DMA output length register

0x9C AES_ENGDBCFG DMA output burst transfer setting register
0xAO0 AES DONESTATUS Done status register

OxA4 AES_INGDMADONE DMA input done status register

0xA8 AES_ENGDMADONE DMA output done status register

Registers are detailed in the following sections.

15.4.1 Message Control Register (AES_MSGCFG)

Offset address: 0x00

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:14

RSV

Reserved

13:12

KEY_SIZE

R/W 0x0

Key size selection:
0: 128 bits

2: 256 bits

1 & 3: Reserved

11:8

MAC_LEN

R/W 0x0

Set the message authentication code or
initialization vector length (only for CCM
CMA and XCBC modes)

)

7:4

ALG_MODE

R/W 0x0

Chaining mode selection:
0: ECB

1: CBC

2:CTR

3:CCM

4: CMAC

5:GCM
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Bit Name Attribute | Reset Value | Description

Encryption/decryption selection:
3 DIR R/W 0x0 0: Decryption
1: Encryption

The first byte of the message contained in

the current calculation; the required key

2 MSG_BEGIN | R/W 0x0
will be automatically obtained before the
calculation.
The last byte of the message contained in
the current calculation; if the calculation
result is the message authentication code
1 MSG_END | R/W 0x0

or initialization vector, it will be
automatically stored in the key storage

space upon completion of the calculation.

Start encryption/decryption, after which
0 AES_GO R/W 0x0 this bit and other control bits shall remain
unchanged until AES_DONE is set.

15.4.2 Key Control Register (AES_CTXCFG)

Offset address: 0x04

Reset value: 0x0000 0001

Bit Name Attribute Reset Description
Value
31:16 | RSV 3 - Reserved
15:4 | CTX_INDEX R/W 0x0 Context page number
3 INV_KEY_STR | R/'W 0x0 Store the last round key to the key storage space
2 INV_KET_RET | R/'W 0x0 Retrieve the last round key
1 CTX_STR R/W 0x0 Store the current key to the key storage space
0 CTX_RET R/W 0x1 Retrieve the current key
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15.4.3 Message Length Register (AES_MSGTOTALBYTES)

Offset address: 0x08

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
31:28 | RSV - - Reserved
Set the total length of message, including all
27:0 | TOTAL_BYTES | R/'W 0x0 packets while excluding additional message.
This is required in CCM and GCM modes.

15.4.4 Additional Message Length Register (AES_MSGAADBYTES)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
Set the additional message length in the
31:16 | AAD_LEN R/W 0x0 current calculation.

This is required in CCM and GCM modes.

Set the length of message in the current
15:0 MSG_LEN | R/W 0x0 calculation, including message and
additional message.

15.45 GCM Mode Additional Message Length Register
(AES_GCMAADINFO)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:28 | RSV - - Reserved
Set the total length of additional
27:0 AAD_LEN_TOT | R/'W 0x0 message, including all packets.
This is required in GCM mode.
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15.4.6 Key Selection Register (AES_CTXKEYSEL)

Offset address: 0x14

Reset value: 0x0000 0001

Bit Name Attribute Reset Value | Description
31:3 RSV - - Reserved
Key source selection:
1: Key set by CPU (register
2:0 KEY_SEL R/W 0x1 Y Y (register)
2: OTP KEY1
4: OTP KEY2
15.4.7 Key Register 0 (AES_CTXKEYO0)
Offset address: 0x20
Reset value: 0x0000 0000
Bit Name Attribute Reset Value | Description
Key [31:0]
31:.0 KEY_O W 0x0
Note: ECB mode key register

15.4.8 Key Register 1 (AES_CTXKEY1)

Offset address: 0x24

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 KEY_1 w 0x0 Key [63:32]
15.4.9 Key Register 2 (AES_CTXKEY2)
Offset address: 0x28
Reset value: 0x0000 0000
Bit Name Attribute Reset Value | Description
31:0 KEY_2 W 0x0 Key [95:64]
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15.4.10 Key Register 3 (AES_CTXKEY3)

Offset address: 0x2C

Reset value: 0x0000 0000

Bit Name Attribute Reset Value Description
31:0 KEY_3 w 0x0 Key [127:96]
15.4.11 Key Register 4 (AES_CTXKEY4)
Offset address: 0x30
Reset value: 0x0000 0000
Bit Name Attribute Reset Value Description
31:0 KEY_4 W 0x0 Key [159:128]

15.4.12 Key Register 5 (AES_CTXKEY5)

Offset address: 0x34

Reset value: 0x0000 0000

Bit Name Attribute Reset Value

31:0 KEY_5 W 0x0

Description
Key [191:160]

15.4.13 Key Register 6 (AES_CTXKEY6)

Offset address: 0x38

Reset value: 0x0000 0000

Bit Name Attribute Reset Value

31:0 KEY_6 W 0x0

Description
Key [223:192]

15.4.14 Key Register 7 (AES_CTXKEY7)

Offset address: 0x3C

Reset value: 0x0000 0000

Bit Name Attribute Reset Value Description
31:0 KEY_7 w 0x0 Key [255:224]
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15.4.15 CBC Mode Key Register 0 (AES_CTXCBCKEYO0)

Offset address: 0x40

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CBC_KEY_O

W

0x0

CBC key [31:0]
(XCBC-3K K2)

15.4.16 CBC Mode Key Register 1 (AES_CTXCBCKEY1)

Offset address: Ox44

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CBC_KEY_1

W

0x0

CBC key [63:32]
(XCBC-3K K2)

15.4.17 CBC Mode Key Register 2 (AES_CTXCBCKEY2)

Offset address: 0x48

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CBC_KEY_2

W

0x0

CBC key [95:64]
(XCBC-3K K2)

15.4.18 CBC Mode Key Register 3 (AES_CTXCBCKEY3)

Offset address: 0x4C

Reset value: 0x0000 0000

Bit Name Attribute Reset Value Description
CBC key [127:96]
31:0 CBC_KEY_3 Y 0x0
(XCBC-3K K2)
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15.4.19 CTR Mode Operator Register 0 (AES_CTXCTRO)

Offset address: 0x50

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCM_CTR.O

W

0x0

CTR/CCM operator [31:0]
(XCBC-3K K1)

15.4.20 CTR Mode Operator Register 1 (AES_CTXCTR1)

Offset address: 0x54

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCM_CTR1

W

0x0

CTR/CCM operator [63:32]
(XCBC-3K K1)

15.4.21 CTR Mode Operator Register 2 (AES_CTXCTR2)

Offset address: 0x58

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCM_CTR_2

W

0x0

CTR/CCM operator [95:64]
(XCBC-3K K1)

15.4.22 CTR Mode Operator Register 3 (AES_CTXCTR3)

Offset address: 0x5C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value Description
CTR/CCM operator [127:96]
31:0 CCM_CTR_3 w 0x0
(XCBC-3K K1)
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15.4.23 Initialization Vector Register 0 (AES_CTXIVO0)

Offset address: 0x60

Reset value: 0x0000 0000

Bit Name Attribute Reset Value

31:0 V0 W 0x0

Description

Initialization vector [31:0]

15.4.24 Initialization Vector Register 1 (AES_CTXIV1)

Offset address: 0x64

Reset value: 0x0000 0000

Bit Name Attribute Reset Value

31:0 V1 W 0x0

Description

Initialization vector [63:32]

15.4.25 Initialization Vector Register 2 (AES_CTXIV2)

Offset address: 0x68

Reset value: 0x0000 0000

Bit Name Attribute Reset Value

31:0 IV _2 W 0x2

Description

Initialization vector [95:64]

15.4.26 Initialization Vector Register 3 (AES_CTXIV3)

Offset address: 0x6C

Reset value: 0x0000 0000

Bit Name Attribute Reset Value Description
31:0 V3 W 0x0 Initialization vector [127:96]
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15.4.27 Message Authentication Code Register 0 (AES_CTXMACO0)

Offset address: 0x70

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

Message authentication code [31:0] in

31:0 MAC_0 W 0x0
CMAC/XCBC/CCM mode

15.4.28 Message Authentication Code Register 1 (AES_CTXMAC1)

Offset address: 0x74

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

Message authentication code [63:32]

31:0 MAC_1 W 0x0
in CMAC/XCBC/CCM mode

15.4.29 Message Authentication Code Register 2 (AES_CTXMAC?2)

Offset address: 0x78

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

Message authentication code [95:64]

31:0 MAC_2 W 0x0
in CMAC/XCBC/CCM mode

15.4.30 Message Authentication Code Register 3 (AES_CTXMAC3)

Offset address: 0x7C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

Message authentication code [127:96]

31:0 MAC_3 W 0x0
in CMAC/XCBC/CCM mode
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15.4.31 Input FIFO (AES_INGRESSFIFO)

Offset address: 0x80

Reset value: 0x0000 0000

Bit Name

Attribute

Reset Value

Description

31:0 INGRESS_FIFO

W

0x0

AES input data FIFO ingress

15.4.32 Input FIFO Status Register (AES_INGFSTATUS)

Offset address: 0x84

Reset value: 0x0000 0001

Bit Name Attribute Reset Value | Description

31:2 RSV - - Reserved

1 ING_FULL R 0x0 Input data FIFO full

0 ING_EMPTY 0x1 Input data FIFO empty

15.4.33 Output FIFO (AES_ENGRESSFIFO)

Offset address: 0x88

Reset value: uncertain

Bit Name

Attribute

Reset Value

Description

31:0 ENGRESS_FIFO

R

AES output data FIFO egress

15.4.34 Output FIFO Status Register (AES_ENGFSTATUS)

Offset address: 0x8C

Reset value: 0x0000 0001

Bit Name Attribute Reset Value | Description
31:2 RSV - - Reserved
1 ENG_FULL R 0x0 Output data FIFO full
0 ENG_EMPTY R 0x1 Output data FIFO empty
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15.4.35 DMA Input Length Register (AES_DMAINGLEN)

Offset address: 0x90

Reset value: 0x0000 0000

Reset
Bit Name Attribute Description
Value
Set the total length of data input from DMA
INGRESS_DM
to AES for generating handshake signal.
31:0 A_DATA_LEN | R/W 0x0
GTH This is required even if CPU is used instead
of DMA to transfer data.

15.4.36 DMA  Input Burst Transfer Setting Register
(AES_INGDBCFG)

Offset address: 0x94

Reset value: 0xC000 0012

Bit | Name Attribute | Reset Value | Description
This bit sets whether the current AES

31 PLAINTEXT_REQ | R/W 0x1 o )
mode requires inputting data.

This bit sets whether the input data is
transferred via DMA or CPU:

0: CPU

1: DMA

29:6 | RSV - - Reserved

DMA destination burst transfer length:
0:1

1: 4

2:8

5:3 | DST_MSIZE R/W 0x2 3:16

4:32

5: 64

6:128

7:256

30 | DMA_EN R/W 0x1
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Bit | Name Attribute | Reset Value | Description
DMA destination transfer width:
0: 8 bits
2.0 | DST_TR_WIDTH | R/W 0x2
1: 16 bits
2: 32 bits

15.4.37 DMA Output Length Register (AES_DMAENGLEN)

Offset address: 0x98

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

Set the total length of data output by
ENGRESS_DMA _
31:0 R/W 0x0 DMA from AES for generating
DATA_LENGTH
handshake signal.

15.4.38 DMA  Output Burst Transfer Setting Register
(AES_ENGDBCFG)

Offset address: 0x9C

Reset value: 0xC000 0012

Bit | Name Attribute | Reset Value | Description

This bit sets whether the current AES
mode requires outputting data.

This bit sets whether the input data is
transferred via DMA or CPU:

0: CPU

1: DMA

29:6 | RSV - - Reserved

DMA source burst transfer length:
0:1

1. 4

2:8

3:16

4:32

5: 64

6:128

31 CIPERTEXT_REQ | R/W 0x1

30 | DMA_EN R/W 0x1

5:3 | SRC_MSIZE R/W 0x2
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Bit | Name Attribute | Reset Value | Description

7:256

DMA source transfer width:
0: 8 bits

1: 16 bits

2: 32 bits

2.0 | SRC_TR_WIDTH | R/W 0x2

15.4.39 Done Status Register (AES_DONESTATUS)

Offset address: 0xAO

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:2 | RSV - - Reserved
Indicating whether the MAC authentication

is successful, this bit is valid only after
AED_DONE is set, and automatically
cleared when AES_GO is set.

Indicating that the calculation has been

0 AES_DONE | R 0x0 completed, this bit is automatically cleared
when AES_GO is set.

1 MAC_VAILD | R 0x0

15.4.40 DMA Input Done Status Register (AES_INGDMADONE)

Offset address: OxA4

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:1 | RSV - - Reserved
Indicating that DMA input has
0 DMA_INGRESS DONE | R 0x0 been completed, this bit is
cleared when it is read.
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15.4.41 DMA Output Done Status Register (AES_ENGDMADONE)

Offset address: OxA8

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:1 | RSV - - Reserved
Indicating that DMA output has
0 DMA_ENGRESS_DONE | R 0x0 been completed, this bit is
cleared when it is read.

156.5 Operation Procedure

15.5.1 AES Encryption Model

1. Configure the AED_CTXKEYSEL register and populate the AES_CTXKEYXx register.
2. Input data to AES_INGRESSFIFO and retrieve data from AES_ENGRESSFIFO.
3. Configure AES_MSGCFG to set the direction as encryption, and finally set AES_MSGCFG[0].

4. When the AES module completes the operation of current packet, the AES_DONE bit will

be set and an interrupt will be generated.
5. The query or interrupt determines the completion flag.
6. If the current packet is not the last one, repeat steps 2 and 3.

7. If the current packet is the last one and the encryption mode that can generate message

authentication code is used, retrieve the message authentication code from AES_CTXMAC.

15.5.2 AES Decryption Model

1. Configure the AED_CTXKEYSEL register and populate the AES_CTXREGx register.

2. Configure DMA to input data to AES_INGRESSFIFO and retrieve data from

AES_ENGRESSFIFO.
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3. Configure AES_MSGCFG to set the direction as decryption, and finally set AES_MSGCFG[0].

4. When the AES module completes the operation of current packet, the AES_DONE bit will

be set and an interrupt will be generated.
5. The query or interrupt determines the completion flag.

6. If the encryption mode that can generate message authentication code is used, retrieve

the message authentication code from AES_CTXMAC.
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16 Secure Hash Algorithm Accelerator
(SHA)

16.1 Hash Overview

The SHA module can implement the SHA-256 algorithm defined in FIPS publication 180-4.

16.2 Main Features

® 256-bit ICV length

® Information in external storage shall be in little-endian order with double words (4 bytes)
aligned

® 32 x 32-bit input data FIFO

® Using DMA for data input

16.3 Functional Description

16.3.1 Encryption and Decryption

Enable the SHA_GO control bit to start the algorithm core, and input the data to start the

calculation. The SHA_DONE bit is enabled upon completion of the algorithm.

16.3.2 OTP Value Comparison

When the SHA operation result is the same as the OTP ICV value, only the ICV match can be

known by the SHA module, and the specific ICV value cannot be read out.

To use the OTP comparison function, please write the OTP ICV to the OTP storage area in
little-endian order, and the OTP ICV in SHA-256 format shall be written to the [383:128] bits

of the OTP storage area, and write 0 to the [127:0] of the OTP storage area.
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16.4 Register Description

SHA register base address: 0x4520_0000

The registers are listed below:

Table 16-1: List of SHA Registers

Offset Address Name Description

0x00 SHA_CMD Control command register
0x04 SHA_MODE Bit mode register

0x08 SHA_MSGCFG Data setting register
0x18 SHA_MSGTOTALBYTES Data length register

0x1C SHA DATAIN Data input register

0x20 SHA_ICV00 ICV read register 00

0x24 SHA_ICVO01 ICV read register 01

0x28 SHA_ICV02 ICV read register 02

0x2C SHA_ICV03 ICV read register 03

0x30 SHA_ICV04 ICV read register 04

0x34 SHA_ICV05 ICV read register 05

0x38 SHA_ICV06 ICV read register 06

0x3C SHA_ICVO07 ICV read register 07

0x40 SHA _ICV08 ICV read register 08

Ox44 SHA_ICV09 ICV read register 09

0x48 SHA_ICV10 ICV read register 10

0x4C SHA_ICV11 ICV read register 11

0x50 SHA_VERIRESULT Verification result register
0x54 SHA IRQEN Interrupt enable register
0x58 SHA_IRQCLR Interrupt clear register
0x5C SHA_IRQSTATUS Interrupt status register
0x60 SHA_DMABURSTSIZE DMA burst length register

Registers are detailed in the following sections.

16.4.1

Control Command Register (SHA_CMD)

Offset address: 0x00

Reset value: 0x0000 0000
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Bit

Name

Attribute

Reset Value | Description

31:2

RSV

Reserved

1

SHA_DONE | R

0x0

Indicating the completion of current

segment algorithm

SHA_GO

R/W

0x0

Writing 1 starts the algorithm, upon
completion of which it is automatically
cleared, and writing 0 has no effect.

Read to know whether the algorithm is

currently in progress or not.

16.4.2 Bit Mode Register (SHA_MODE)

Offset address: 0x04

Reset value: 0x0000 0001

Bit | Name | Attribute | Reset Value | Description

31:2 | RSV - - Reserved
SHA algorithm mode selection:
1: SHA-256
2: SHA-384

1.0 | MODE | R/IW 0x1 Other values: Invalid Note: If it is set to other
invalid values and the SHA algorithm is activated,
the SHA accelerator shall be reset and set to a
valid value to calculate correctly again.

16.4.3 Data Setting Register (SHA_MSGCFG)

Offset address: 0x08

Reset value: 0x0000 0000

Bit Name Attribute Reset Description
Value
31:27 | RSV - - Reserved
Set the length of current segment. If
MSG_END is not enabled, this field must be
26:12 | NUM_BYTES | R/W 0x0 set to a multiple of the algorithm block size.
For SHA-256, the block size is 64 bytes.
For SHA-384, the block size is 128 bytes.
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Reset
Bit Name Attribute Description
Value
11:2 RSV - Reserved
Indicating that the current segment is the
1 MSG_BEGIN | R/W 0x0
first one of the whole message.
Indicating that the current segment is the
0 MSG_END R/W 0x0
last one of the whole message.

16.4.4 Data Length Register (SHA_MSGTOTALBYTES)

Offset address: 0x18

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:26 | RSV - - Reserved

Length of the whole message, valid
25:0 TOTAL_BYTES | R/W 0x0

only when MSG_END is enabled.

16.4.5 Data Input Register (SHA_DATAIN)

Offset address: 0x1C

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 DATA_IN R/W 0x0 Enter the data to be calculated here.
16.4.6 ICV Read Register (SHA_ICVn)

Offset address: 0x20-0x4C

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
When the algorithm result does not match the
OTP ICV, the results can be read from these
registers.

31:.0 | ICV R 0x0 For SHA-256, SHA_ICV 04-11 stores the
algorithm result.
For SHA-384, SHA_ICV 00-11 stores the
algorithm result.
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Bit

Name

Attribute

Reset Value

Description

SHA_ICV 00 stores ICV[31:01.
SHA_ICV 01 stores ICV[63:32].
SHA_ICV 02 stores ICV[95:64].
SHA_ICV 03 stores ICV[127:96].
SHA_ICV 04 stores ICV[159:128].
SHA_ICV 05 stores ICV[191:160].
SHA_ICV 06 stores ICV[223:192].
SHA_ICV 07 stores ICV[255:224].
SHA_ICV 08 stores ICV[287:256].
SHA_ICV 09 stores ICV[319:288].
SHA_ICV 10 stores ICV[351:320].
SHA_ICV 11 stores ICV[383:352].
Note: The result of SHA-256[255:0] is stored
in SHA_ICV[128:383].

16.4.7 Verification Result Register (SHA_VERIRESULT)

Offset address: 0x50

Reset value: 0x0000 0000

Bit | Name Attribute Reset Value | Description

31:2 | RSV - X Reserved
Indicating that ICV verification has been
performed; triggered by SHA_DONE +

1 VERI_VLD | R 0x0
SHA_MSG_END and cleared by enabling
SHA_GO.
Indicating whether ICV matches the OTP
ICV value:

0 VERI_FAIL | R 0x0
0: Matches
1: Does not match

16.4.8 Interrupt Enable Register (SHA_IRQEN)

Offset address: 0x54

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
311 RSV - - Reserved
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Bit Name Attribute | Reset Value | Description
Algorithm done interrupt enable:
0 IRQ_EN R/W 0x0 0: Disabled
1: Enabled
16.4.9 Interrupt Clear Register (SHA_IRQCLR)

Offset address: 0x58

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value Description
311 RSV - - Reserved
0 IRQ CLR | W 0x0 Write 1 to clear this interrupt.

16.4.10 Interrupt Status Register (SHA_IRQSTATUS)

Offset address: 0x5C

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

31:1 | RSV - - Reserved
Interrupt status:

0 IRQ STATUS | R 0x0 0: No interrupt occurred
1: Interrupt occurred

16.4.11 DMA Burst Length Register (SHA_DMABURSTSIZE)

Offset address: 0x60

Reset value: 0x0000 0003

Bit

Name

Attribute

Reset Value

Description

31:3

RSV

Reserved

2:0

DMA_BURST_SIZE

R/W

0x3

DMA burst length:
0x0: 1

0x1: 4

0x2: 8

0x3: 16

Ox4: 32

It shall be consistent with the setting

V1.9.1
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Bit

Name Attribute | Reset Value | Description

in DMA module. For example, in DMA
burst 4, if the data operation unit is a
byte, it means 4 bytes are operated
on. If the data operation unit is 32-
bit data, it means 4 units of 32-bit

data are operated on.

16.5 Operation Procedure

16.

1.

7.

V1.9.

5.1 SHA Algorithm Application (Input Message via DMA)
Enable SHA clock and release SHA reset.
Enable DMA1 clock and release DMA1 reset.

Initialize DMA and channel configuration, for example, configure the source address to be
automatically incremented by 1 and the destination address to be unchanged for DMA1
channel 2 transfer from memory to peripheral. Both the source and destination DMA
burst lengths are 1. The source data transfer width is 32 bits, and the destination data
transfer width is 32 bits. Both source and destination transfers are hardware synchronized.
The source handshake signal is an arbitrary value (memory), and the destination

handshake signal is signal 7.
Enable DMA module.
Configure SHA_MODE[1:0] to select SHA-256 or SHA-384 mode.

Configure SHA_MSGCFG[1] and SHA_MSGCFGI0], if the message length is less than 64
bytes (for SHA-256) or 128 bytes (for SHA-384), it will be a single segment, with both
BEGIN and END set to 1. If the length exceeds a single segment, it shall be set according

to the first segment, the middle segment and the last segment respectively.

Configure SHA_MSGCFG[26:12] for the length of current segment.
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10.

11.

12.

13.

14.

15.

Configure the SHA_MSGTOTALBYTES register for the length of the entire message.

Obtain the plaintext to be encrypted. For example, plaintext to be encrypted can be

stored in the legal address space of SRAM.
Enable the SHA_CMD register, and SHA_GO = 1 initiate an SHA algorithm.

Initiate DMA to transfer data to SHA, for example, regarding DMA1 channel 2 transfer,
configure the destination address SHA_DATA_IN to be not automatically incremented and
the source address as the first address of plaintext to be automatically incremented.
Configure the length of the transferred data (according to DMA1 source data width, if the
source data width is 32 bits, the length of current segment shall be divided by 32). See

DMA chapter or sample code for DMA configuration.
Wait for SHA_DONE to be set.

Check the encryption result register SHA_ICVn, where SHA_ICV04-11 stores the algorithm
result corresponding to SHA-256 and SHA_ICV00-11 stores the algorithm result

corresponding to SHA0384.

Store the encryption result in OTP SHA ICV in advance (see EFC chapter or sample code
for details) to check whether the verification result register SHA_VERIRESULT meets

expectations.

Repeat steps 6-12 if there are multiple message segments.

16.5.2 SHA Algorithm Application (Input Message via CPU)

1.

2.

3.

Enable SHA clock and release SHA reset.
Configure SHA_MODE[1:0] to select SHA-256 or SHA-384 mode.

Configure SHA_MSGCFG[1] and SHA_MSGCFGI0], if the message length is less than 64

bytes (for SHA-256) or 128 bytes (for SHA-384), it will be a single segment, with both
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BEGIN and END set to 1. If the length exceeds a single segment, it shall be set according

to the first segment, the middle segment and the last segment respectively.
4. Configure SHA_MSGCFG[26:12] for the length of current segment.
5. Configure the SHA_MSGTOTALBYTES register for the length of the entire message.

6. Obtain the plaintext to be encrypted. For example, plaintext to be encrypted can be

stored in the legal address space of SRAM.
7. Enable the SHA_CMD register, and SHA_GO = 1 initiate an SHA algorithm.

8. Splice the plaintext into 32-bit words in little-endian order by CPU and loop them into the

SHA_DATAIN register.
9.  Wait for SHA_DONE to be set.

10. Check the encryption result register SHA_ICVn, where SHA_ICV04-11 stores the algorithm
result corresponding to SHA-256 and SHA_ICV00-11 stores the algorithm result

corresponding to SHA0384.

11. Store the encryption result in OTP SHA ICV in advance (see EFC chapter or sample code
for details) to check whether the verification result register SHA_VERIRESULT meets

expectations.

12. Repeat steps 3-9 if there are multiple message segments.
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17 True Random Number Generator

(RNG)

17.1 Overview

The RNG is capable of delivering true random numbers.

17.2 Main Features

The RNG delivers true random numbers from random seeds.

17.3 Functional Description

17.3.1 RNG

RNG is capable of delivering true random numbers from random seeds.

17.4 Register Description

Register base address: 0x40B0_D000
The registers are listed below:

Table 17-1: List of RNG Registers

Offset Address Name Description

0x00 RNG_DATA Data register

0x04 RNG_SEED Random seed register
0x08 RNG_CR Control register

17.4.1 Data Register (RNG_DATA)

Offset address: 0x00

Reset value: OxXXXX XXXX (the data read is random)

Bit Name Attribute | Reset Value Description

31:0 DATA R/W OXXXXX XXXX | Read data to obtain random number
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17.4.2 Random Seed Register (RNG_SEED)

Offset address: 0x04

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

SEED

W

0x0

Reserved

17.4.3 Control Register (RNG_CR)

Offset address: 0x08

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description

31:1 RSV - - Reserved
Enable random seed to automatically
change with time:

0 EN R/W 0x0
1: Enabled
0: Disabled

17.5 Operation Procedure

1. Configure the RNG_CR register to enable the random number generator.

2. Configure the RNG_SEED register to write a random seed.

3. Read the RNG_DATA register for random values, which can be read continuously.
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18 Advanced Control Timer (TIMO &
TIM7)

18.1 Overview

The advanced-control timer consists of a 32-bit auto-reload counter driven by a

programmable prescaler.

It may be used for a variety of purposes, including measuring the pulse lengths of input
signals (input capture) or generating output waveforms (output compare, complementary

PWM with dead-time insertion).

18.2 Main Features

® 32-bit up, down, up/down auto-reload counter

® 16-bit programmable prescaler allowing real-time adjustment of the counter clock
division

® 4 independent channels for input capture, output compare, PWM generation, and one-
pulse output

® Complementary output with programmable dead-time

® Support cascading with other timers

® Repetition counter to update the timer registers only after a given number of cycles of the
counter

® Break inputs, break signal filtering and polarity selection, combinatorial configuration of
break signals

® Interrupt or DMA event can be generated in the following cases:

> Counter overflow/underflow, counter initialization (triggered by software or hardware)
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> Trigger event (counter start, stop, initialization, or count by internal/external trigger)

» Input capture
» Output compare

» Break input

® Support incremental quadrature encoder and Hall sensor

® Trigger input for external clock

18.3 System Block Diagram
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Figure 18-1: TIMO & TIM7 System Block Diagram
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18.4 Pin Description

Table 18-1: TIMO& TIM7 Pin Description

Function Alternate
S e Direction Functional Description
TIMO_BKIN | PA6, PB12, PE15 | Input Break input
TIMO_ETR PA12, PE7 Input External trigger input
TIMO_CH1 PAS8, PE9 Input/output | Channel input capture / PWM output signal
TIMO_CH1N | PA7,PB13, PE8 Output PWM output inversion
TIMO_CH2 PA9, PE11 Input/output | Channel input capture / PWM output signal
TIMO_CH2N | PBO, PB14, PE10 | Output PWM output inversion
TIMO_CH3 PA10, PA4, PE13 | Input/output | Channel input capture / PWM output signal
TIMO_CH3N | PB1, PB15, PE12 | Output PWM output inversion
TIMO_CH4 PA11, PA5, PE14 | Input/output | Channel input capture / PWM output signal
TIM7_BKIN | PA6 Input Break input
TIM7_ETR PAO Input External trigger input
TIM7_CH1 PCé6 Input/output | Channel input capture / PWM output signal
TIM7_CH1N | PA5, PA7 Output PWM output inversion
TIM7_CH2 PC7 Input/output | Channel input capture / PWM output signal
TIM7_CH2N | PBO, PB14 Output PWM output inversion
TIM7_CH3 PC8 Input/output | Channel input capture / PWM output signal
TIM7_CH3N | PB1, PB15 Output PWM output inversion
TIM7_CH4 PC9 Input/output | Channel input capture / PWM output signal
18.5 Timer Interconnection
Table 18-2: Timer Interconnection
TIMx Interconnection
Source

(TIMx Trigger
Output)

(TIMx Trigger Input)

Inputs

TIMO_TRGO

TIM1_ITRO

TIM2_ITRO

ITIM3_ITRO

TIM7_ITRO

TIM1_TRGO

TIMO_ITR1

TIM2_ITR1

TIM3_ITR1

ITIM4_ITRO [TIM7_ITR1 [TIM8_ITRO

TIM2_TRGO

TIMO_ITR2

TIM1_ITR2

TIM3_ITR2

ITIM4_ITR1 TIM8_ITR1

TIM3_TRGO

TIMO_ITR3

TIM1_ITR3

TIM2_ITR3

TIM4_ITR2 [TIM7_ITR2 TIM11_ITRO

TIM4_TRGO

TIMO_ITRO

TIM2_ITR2

- TIM7_ITR3 TIM11_ITR1

TIM7_TRGO

TIM1_ITR1

ITIM3_ITR3

TIM4_ITR3
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TIMx Interconnection

Source
(TIMx Trigger Inputs
Output)

TIM8_TRGO - -
TIM9_TRGO TIM8_ITR2
TIM10_TRGO |- - - - - - TIM8_ITR3
TIM11_TRGO [ - - - - - - -
TIM12_TRGO | - - - - - - ITIM11_ITR2

TIM13_TRGO |- - - - - - - TIM11_ITR3

(TIMx Trigger Input)

18.6 Functional Description

18.6.1 Time-base Unit

The main block of the time-base unit is a 32-bit counter with its related auto-reload register.
The counter can count up, down, or both up and down. The counter clock can be divided by a

16-bit prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by

software, which is true even when the counter is running.
The time-base unit includes:

® Counter register (TIM_CNT)

® Prescaler register (TIM_PSC)

® Auto-reload register (TIM_ARR)

® Repetition counter register (TIM_RCR)

The auto-reload register is preloaded, which is controlled by the auto-reload preload enable
(ARPE) bit in the register. When ARPE = 0, write to the ARR register, and the written data is
directly transferred to the shadow register. When ARPE = 1, the data written to the TIM_ARR
register is transferred to the shadow register when an update event (TIM_CNT overflow or
underflow) occurs. The update event of ARR can also be actively triggered by software via

register operation.
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The counter TIM_CNT is clocked by the prescaler output TIM_PSC, which is enabled only when
the counter enable bit (CEN) in the register is set. When CNT = ARR, this round of counting is

over and the update event is sent.

TIM_PSC is a synchronous prescaler that can divide the counter clock frequency by any factor
between 1 and 65536. The PSC register is also buffered, and overwriting PSC does not actually
overwrite the shadow register unless a new update event occurs. Thus the PSC register can be
changed in real time on the fly, and the new prescaler ratio is taken into account at the next

update event.

arse JUUUUUULTUUUUUUUUU

CEN

ccon MUV LML
ot E7  KesKeoKEaYEBJECK oo Y o1 X 02 )} o3 X 04X

Update event
(UEV)

Prescaler register 0 /X 1

Write a new value in TIM 4

Prescaler buffer 0 X 1

ST 0 0 0 0 00 00,0 0

Figure 18-2: Counter Timing Diagram with Prescaler Division Changing from 1 to 2
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Prescaler buffer 0 X 3
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Figure 18-3: Counter Timing Diagram with Prescaler Division Changing from 1 to 4

18.6.2 Counter Operation Mode

The counter supports up-counting mode, down-counting mode and center-aligned mode.

18.6.2.1 Up-counting Mode

In up-counting mode, the counter counts from 0 to the auto-reload value, i.e. CNT = ARR,

generating an overflow event, and then restarts counting from 0.

If the repetition counter is enabled, the counter repeats the above process a number of times

(RCR + 1) as defined in RCR before generating an underflow event.

The software can directly trigger an update event by setting the UG bit in the register, at
which time the CNT and the prescaler registers are automatically cleared. Whether setting the
UG register triggers UIF (update interrupt flag) is determined by the setting of the URS

register.
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The update event can be disabled by setting the UDIS bit in the register to avoid updating the

shadow register while writing new values in the preload registers.
When an update event occurs, the following registers are updated and the UIF bit is set:

® The repetition counter register RCR is reloaded with the content of TIM_RCR register.
® The auto-reload shadow register ARR is reloaded with the content of TIM_ARR register.

® The prescaler shadow register PSC is reloaded with the content of TIM_PSC register.

s [IUUTUUUUUUTUUULUUL

CEN

ot [HUUULUTUUUUHULT
&7 feekesfeateefectoofonioztozosfoskostor)os o)

CN

_|

Counter overflow

Update event
(UEV)

Update interrupt
flag (UIF)

Figure 18-4: Up-counting Waveform Diagram, Internal Clock not Divided
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Figure 18-5: Up-counting Waveform Diagram, Internal Clock Divided by 2
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Figure 18-6: Counter Timing Diagram, Update Event when ARPE = 0 (TIM_ARR not Preloaded)

CK_PSC

CEN

CK_CNT
CNT

Counter overflow

Update event
(UEV)

Update interrupt
flag (UIF)

Auto-reload register

Write a new value in TIM_ARR

Auto-reload shadow
register

U

U

Uuiduuuut

_ fUuuuL

|

2060000 0000 E0n00

FA /vX
=

EC

FA

EC

Figure 18-7: Counter Timing Diagram, Update Event when ARPE = 1 (TIM_ARR Preloaded)
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18.6.2.2 Down-counting Mode

In down-counting mode, the counter counts from the auto-reload value down to O,

generating an underflow event, and then restarts counting from the auto-reload value.

If the repetition counter is enabled, the counter repeats the above process a number of times

(RCR + 1) as defined in RCR before generating an underflow event.

The software can directly trigger an update event by setting the UG bit in the register, at

which time the CNT and the prescaler registers are automatically cleared. Whether setting the

UG register triggers UIF (update interrupt flag) is determined by the setting of the URS

register.

The update event can be disabled by setting the UDIS bit in the register to avoid updating the

shadow register while writing new values in the preload registers.

When an update event occurs, the following registers are updated and the UIF bit is set:

® The repetition counter register RCR is reloaded with the content of TIM_RCR register.

® The auto-reload shadow register ARR is reloaded with the content of TIM_ARR register.

® The prescaler shadow register PSC is reloaded with the content of TIM_PSC register.
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L

U

Uuiuuuuuy

CEN

CK_CNT

CN

_|

Counter overflow

i

Uuiduuuut

Update event
(UEV)

Update interrupt
flag (UIF)

Figure 18-8: Down-counting Waveform Diagram, Internal Clock not Divided
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Figure 18-9: Down-counting Waveform Diagram, Internal Clock Divided by 2
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Figure 18-10: Down-counting Waveform Diagram, Internal Clock Divided by 2
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Figure 18-11: Down-counting Waveform Diagram, Update Event when Repetition Counter is

not Used

18.6.2.3 Center-aligned Counting Mode

In center-aligned mode, the counter counts from 0 to the auto-reload value - 1 and generates
a counter overflow event, then counts from the auto-reload value down to 1 and generates a

counter underflow event, and then restarts counting from 0.

The CMS[1:0] bits are used for enabling the center-aligned mode and selecting the output
compare mode herein. The center-aligned mode is active when CMS! = 00. The output
compare interrupt flag of channels configured in output is set when: the counter counts down

(CMS = 01), the counter counts up (CMS = 10), the counter counts up and down (CMS = 11).

In this mode, the DIR direction bit in the register cannot be written by software. It is updated

by hardware and gives the current direction of the counter.

The counter updates the shadow registers of ARR, PSC and RCR at each counter overflow and
underflow.
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Figure 18-12: Center-aligned Counter Timing Diagram, TIM_PCS = 0, TIM_ARR = 0xé
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Figure 18-13: Counter Timing Diagram, Update Event with ARPE = 1 (Counter Underflow)

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 223



UM324xF User Manual

Advanced Control Timer (TIMO & TIM7)

CK_PSC

CEN

CK_CNT

CNT

Counter overflow
Update event (UEV)

Update interrupt
flag (UIF)

TIM_ARR

Auto-reload active
register

JUUUUUIL

Uuiuuuuut

i

Uuiiduuuut

BIERRCO0GEEDCTDD

FA |

32

DN

Write a new value in TIM_ARR

FA X 32

Figure 18-14: Counter Timing Diagram, Update Event with ARPE = 1 (Counter Overflow)

18.6.3 Repetition Counter

The update event is generated only when the repetition counter has reached zero at counter

overflow or underflow. This means that the data are transferred from the preload registers of

ARR, PSC and CCR (compare/capture registers in output compare mode) to the shadow

registers every N + 1 counter overflows/underflows, where N is the value in the repetition

counter register RCR.

The repetition counter is decremented:

® at each counter overflow in up-counting mode;

® at each counter underflow in down-counting mode;

® at each counter overflow / underflow in center-aligned mode.
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Note: When the update event is generated by software or by hardware through the slave
mode controller, it occurs immediately whatever the value of RCR is and the repetition counter

is reloaded with the content of the TIM_RCR register.

. Edge-aligned mode Edge-aligned mode
Center-aligned mode Upcounting Downcounting
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TIM_RCR=3 &
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TIM_CNT

t Update event(UEV)
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Figure 18-15: Examples of Updating Rate in Different Modes and TIM_RCR Register Setting

18.6.4 Preload Register

The following functional registers support the preload function:

® Auto-reload register TIM_ARR

® Prescaler register TIM_PSC (preload function cannot be disabled)

® Channel control register TIM_CCR

® CCxE and CCxNE control register

® OCxM control register

The preload function can be enabled or disabled by software for all of the above registers

except TIM_PSC.
Registers with preload function contain two sets of physical entities:

® Shadow register: the register being used by the actual timer
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® Preload register: the register accessible to software
When the preload function is disabled, the register with preload function has the

following characteristics:

® The preload register can be accessed and overwritten by software in real time.
® The shadow register is updated synchronously with the preload register.

If the preload function is enabled, then:

® All software operations access the preload register.
® At the occurrence of update event, the content of all preload registers will be

synchronously transferred to the corresponding shadow registers.

18.6.5 Counter Clock

The counter clock can be provided by the following clock sources:

® Internal clock: Timerx_clk

® External clock mode 1: External input pin Tlx

® External clock mode 2: External trigger input ETR

® Internal trigger inputs (ITRx): using the trigger output (TRGO) of one timer as the counter

clock

18.6.5.1 Internal Clock Source

If the slave mode controller is disabled (SMS = 000), then the CEN, DIR and UG bits are
controlled by software. After the UG bit is set and the update signal is synchronized by

CLK_PSC, the counter value is reinitialized.

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 226



UMB324xF User Manual Advanced Control Timer (TIMO & TIM7)

APBCLK J_L—|_|||||||—|_||||||||||||||||||||

CEN=CNT_EN ___|
UG

CK_CNT=CK_PSC |||||||—|_||||||||||||||||||||

o _e7 YeeaeAlealedfealonfeaosleafeslodferkeeked

UIF

Figure 18-16: Timing Diagram in Internal Clock Source Mode, Clock Divided by 1

18.6.5.2 External Clock Source Mode 1
In this mode, the external pin input signal is directly used as the counter clock when SMS =

111, and the counter can count at either rising or falling edge on a selected input.

Encoder

Tl1orTI2
———] mode

CK_INT | Internal clock

TIFP2 — o mode
J1FP2 TI1_ED
TIFP1 10 CLK.PCS
101 TRGI External clock

mode 1

TI2FP2
ETRF

TIM_CH2
IC2F[3:0]

TIM_CCMR1

Rising
Edge detector |  Fjjiing T'ZTF; g

[ ccap | | ccas |
TIM_CCER TIM_CCMR1

__ETRF__|External clock
mode 2

TIM_SMCR

[ ECE || sMs[2:0]]
TIM_SMCR

Figure 18-17: External Clock Connection Diagram
The external input signal will be synchronized with the internal clock before triggering the

counter counting, and the TIF flag will be set by the valid edge on the input.
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Clear TIF by SW

TIF

Figure 18-18: Timing Diagram in External Clock Source Mode 1
When counting with an external clock, the internal clock (timerx_clk) shall still be enabled so
that TIM can use timerx_clk to synchronize and filter the external input clock. In external clock
mode 1, the external input clock is first subject to filtering and edge selection to obtain a valid

counting edge, which is input to the prescaler module as the valid operating clock (CLK_PSC).

The external clock synchronization adopts a simple two-stage flip-flop structure, so in order
to avoid metastability, the external input clock width is required to be at least 2 timerx_clk

cycles.

In this mode, only the inputs of channels 1 and 2 can be used as clock inputs, and the required

configuration is as follows:

® In GPIO module, configure the corresponding pin as TIM_CH2.

® Disable the channel by setting TIM_CCER[4] = 0 to ensure the success of subsequent
channel configuration.

® Select the input channel by setting TIM_CCMR1[9:8] = 01, with IC2 mapped on TI2.

® Select the active counting edge to be rising or falling edge by setting TIM_CCER[5] = 0.

® Configure the input filter duration by writing the IC2F[3:0] bits in the TIM_CCMR1 register

(if no filter is required, keep IC2F = 0000).
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® Enable the external clock source mode 1 by setting TIM_SMCR[2:0] = 111.
® Select TI2 as the trigger input source by setting TIM_SMCR[6:4] = 110.

® Enable the channel by setting TIM_CCER[4] = 1.

® Enable the counter by setting TIM_CR1[0] = 1.

The following diagram shows an example of typical external clock source mode 1:

L I S N S S B B
[

CK_CNT=CK_PSC resyn?:ilragn(i)zfaé: |_| |_|
CEN |
CNT 00 X o X 02 X 03 X 04

B SR s R

Clear TIF by SW

Figure 18-19: Timing Diagram in External Clock Source Mode 1

18.6.5.3 External Clock Source Mode 2

In this mode, the counter counts at either rising edge or falling edge (double-edge not

supported) on the external trigger input TIM_ETR.

Encoder

Tl1orTI2
——] mode

CK_INT | Internal
clock mode

ETR CLK_PCS

TRGI

————— External

D—I—;D_ I1Di;lzid72 " ETRP * clock mode 1
) ¢l y

ETRF__|External

| EIP | | ETPS[1:0] | | ETF[3:0] I clockmode 2

TIM_SMCR

TIM_SMCR TIM_SMCR

[ ECE |[sms[2:0]|
TIM_SMCR

Figure 18-20: External Trigger Input Block Diagram
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The following diagram shows the counter counting each 2 rising edges on ETR. The delay
between the rising edge of ETR and the actual clock of the counter is due to the

resynchronization of the internal clock.

e JUUUUUUUUUUUUUU UYL
ETR | -
CEN=CNTEN | %:‘\\Delay of resynchronization
ETRP )
ETRF

CK_CNT=CK_PSC

CNT 00 ) 01

TIF

\Clear TIF by SW

Figure 18-21: Timing 1 Diagram in External Clock Source Mode 2
The main difference from external clock source mode 1 is that the ETR input is directly divided
and then filtered to generate CK_PSC clock, which mens that the application scenarios where
the ETR input frequency is higher than timerx_clk can be supported, in which case the ETR

input shall be pre-divided first before it is used to drive the counter.
The configuration required for this mode is as follows:

® In GPIO module, configure the corresponding pin as TIM_ETR.

® Select the ETP edge by setting TIM_SMCR[15] = 0.

® Set the ETR division ratio by writing TIM_SMCR.ETPS[1:0] = 01.

® Configure the input filter duration by setting TIM_SMCR.ETF[3:0] = 0000.

® Set the ECE register and enable the external clock source mode 2 by setting

TIM_SMCR[14] = 1 and TIM_SMCR[2:0] = 000.
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® Enable the counter by setting TIM_CR1[0] = 1.

The following diagram shows an example of typical external clock source mode 2:

LA TR TR
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e || S R
S B I, L 1 LI L
Delay of 4

CK_CNT=CK_PSC resynchronization |_| |_| |_|
CEN |

onT 0 D GO SRR A S

I i

Clear TIF by SW

Figure 18-22: Timing 2 Diagram in External Clock Source Mode 2
In external clock source mode 2, TIM can still be configured as slave mode: For example, ETR
input is used for counting while TRGO of another timer is used as the trigger signal, and the

reset counter restarts counting at the arrival of trigger event.

18.6.6 Internal Trigger Signal (ITRx)

TIM supports four internal trigger inputs, which can be used for counting trigger or internal
signal capture. For internal signal capture, it is required to configure TS to 000-011 for
selecting ITRO-ITR3, and configure CCxS to 11 for selecting TRC (signal selected by four ITRx

inputs) as the capture signal.

Each ITR input supports 4 internal signal extensions configured by the ITRxSEL register.

18.6.7 Capture/Compare Channels

TIM consists of 4 capture/compare channels, each of which is built around a capture/compare
register CCR (including a shadow register), an input stage for capture and an output stage

(with comparator and output control).
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The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then,
an edge detection with polarity selection generates a signal (TIxFPx), which can be used as

trigger input for counting or as the capture command and is prescaled before being captured.

TINF_ED
= P> 1o the slave mode
’ controller
TIM_CCER
CC1P
IT1 TITF_Rising
i TITFP1
D— Filter Edge detector TI1F_Falling o] Divider c1ps
TIM_CH1 n12,/4,8 [
IC1FI3:0] TI2F_Rising
. TI2F _Falling
TIM_CCMR1 (from channel 2) cc1s ICPS[1:0]

TIM_CCMR1 TIM_CCMR1

TIM_CCER

Figure 18-23: Capture/Compare Channel (Channel 1 Input Stage)
The output stage generates an output reference signal OCxREF, which is fixed to be active
high and acts as the reference input to the final output circuit. Wherein, channels 1-3 support
complementary output and dead-time insertion, while channel 4 is relatively simple and does

not support complementary output.

| APB bus |

16 bits

Capture/compare preload register
I P parep g Write CCR1

| Qutput
16 bits Compare transfer mltj)dpeu ccsh)
6 bits CC1S[0

Read CCR1

Capture_transfer

I Capture/compare shadow register %CEQ/PE
Capture \
CNT>CCR1
Counter I > CNT=CCR1
>
TIM_EGR | /

Figure 18-24: Capture/Compare Channel 1 Main Circuit
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Figure 18-25: Output Stage of Capture/Compare Channel (Channels 1-3)
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Figure 18-26: Output Stage of Capture/Compare Channel (Channel 4)
The capture/compare block is made of one preload register and one shadow register. Write
and read always access the preload register. In capture mode, the capture value is saved in
the shadow register and copied into the preload register. In compare mode, the content of the

preload register is copied into the shadow register for comparison with the counter.

18.6.8 Input Capture Mode

When the expected level transition is detected by the ICx signal, a capture is triggered, and
the current counter value is latched into CCR. At the same time, the CCxIF interrupt flag is set
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and a corresponding interrupt or a DMA request can be triggered. If a capture occurs while
the CCxIF flag is already high, then the over-capture flag CCxOF is set (the last capture value
in CCR is overwritten). CCxIF can be cleared by software or automatically cleared by reading

the CCR register. CCxOF can be cleared by software writing it to 1.

The input capture of PWM signals can be realized through the cooperation of two or more
channels. For example, to calculate the period and duty cycle of an input signal, input the
signal from TI1 pin, and take the rising edge and falling edge of the filtered signal inside the
chip to obtain TITFP1 and TI1FP2 respectively. Input TITFP1 into capture channel 1 and TITFP2
into channel 2 to realize captures of input signals at rising edge by channel 1 and at falling
edge by channel 2. After the capture interrupt occurs periodically, the software can calculate

the period and duty cycle of the input signal through the values of CCR1 and CCR2 registers.

To capture the counter value to the TIM_CCR1 register on the rising edge of the TI1 input, the

configuration steps are as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01, with IC1 mapped on TI1.
4. Select the active counting edge to be rising edge or falling edge by setting TIM_CCER[1].
5. Configure the input filter duration by setting the IC1F[3:0] bits in the TIM_CCMR1 register.
6. Configure the input prescaler by setting the IC1PS[1:0] bits in the TIM_CCMR1 register.

7. Enable the channel by setting TIM_CCER[0] = 1.
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Figure 18-27: PWM Input Capture Mode Timing Diagram

The following settings are required for PWM input capture:

1.

In GPIO module, configure the corresponding pin as TIM_CH1.

Disable the channel by setting TIM_CCER[0] = 0 and TIM_CCER[4] = 0 to ensure the

success of subsequent channel configuration.

Select the input channel, with the two signals IC1 and IC2 mapped on the same TI1 input,

and configure TIM_CCMR1[1:0] = 01 and TIM_CCMR1[9:8] = 01.

Select the active counting edge by setting TIM_CCER[1] = 0 and TIM_CCER[5] = 1, with

the two signals IC1 and IC2 active on edges with opposite polarities.

Configure the input filter duration by setting the IC1F[3:0] and IC2F[3:0] bits in the

TIM_CCMR1 register.

Configure the input prescaler by setting the IC1PS[1:0] and IC2PS[1:0] bits in the

TIM_CCMR1 register.
Select the trigger input source by setting TIM_SMCR.TS[2:0] = 101.
Configure the slave mode controller to reset mode by setting TIM_SMCR.SMS[2:0] = 100.

Enable the channel by setting TIM_CCER[0] = 1 and TIM_CCER[4] = 1.
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18.6.9 Forced Output Mode

In output compare mode, the OCxREF signal can be forced to active or inactive level directly

by software, independently of any comparison between the CCR and the counter.

The OCxREF signal can be forced to be active (OCxREF is always active high) by writing OCxM
= 101, and forced to be inactive (low level) by writing OCxM = 100. Anyway, the comparison

between CCR and the counter is still performed.

18.6.10 Output Compare Mode

In output compare mode, when a match is found between the capture/compare register CCR
and the counter, the OCXREF can be set to be active, inactive or to toggle on match. At the

same time, the interrupt flag is also set and DMA requests can be sent.

The output compare can also be used to output a pulse signal of a specific width (in one-pulse

mode).

Procedure:

1. Select the counter clock (internal, external, prescaler).

2. Write the desired data to the ARR and CCR registers.

3. Set the interrupt enable bit and DMA enable bit as required.
4. Select the output mode.

5. Enable the counter.
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Write 31Bh in the CCR1 register

CNT  4A X 4B _31AX 31B X 31C

TIM_CCR1 4B

OCTREF=0CT |\\ /l

Match detected on CCR1
Interrupt generated if enabled

Figure 18-28: Output Compare Mode, Toggle on OC1
The CCR register can be updated at any time by software to control the output waveform,
provided that the preload register is not enabled. Otherwise, the CCR shadow register is only

updated with the content of the preload register at the next update event.

18.6.11 PWM Output

PWM mode allows you to generate a pulse width modulation signal with a frequency
determined by the value of the ARR register and a duty cycle determined by the value of the

CCR register.

The polarity of the output signal is software programmable using the CCxP bit in the register.
In PWM mode, CNT and CCR registers are always compared. The timer is able to generate

PWM in edge-aligned mode or center-aligned mode.

18.6.11.1 PWM Edge-aligned Mode

In up-counting mode, when it is configured in PWM mode 1, the OCxREF signal is high as long
as CNT < CCR, otherwise it is low. And OCxREF will be held at 1 if CCR > ARR and held at O if

CCRis 0.
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Figure 18-29: Edge-aligned PWM Waveform (ARR = 7)

In down-counting mode, the definition of OCxREF level is the same as that in up-counting

mode.

18.6.11.2 PWM Center-aligned Mode

The definition of OCxREF level is the same as that in edge-aligned mode. The figure below is

an example.
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Figure 18-30: Center-aligned PWM Waveform (ARR = 7)
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When start counting in center-aligned mode, the initial counting direction is determined by
the DIR bit in the register, and in the subsequent process, the DIR bit is directly controlled by
hardware. The safest way to use center-aligned mode is to generate an update by setting the
UG bit in the register just before starting the counter and not to overwrite the counter while it

is running.

18.6.12 Complementary Output and Dead-time Insertion

Channels 1-3 of TIM support complementary output and dead-time insertion. The DTG[7:0]
bits in the register are used to set the dead-time delay (valid for all channels at the same time).
The output signal OCx is in phase with the reference signal OCxREF, with the rising edge
delayed relative to the reference rising edge. The output signal OCxN is in the opposite phase
with the reference signal OCxREF, with the rising edge delayed relative to the reference falling

edge.

OCxREF

! delay i¢—p! !
OCx : | :

OCxN delay >

Figure 18-31: Waveform of Complementary Output with Dead-time Insertion

OCxREF

delay!

A

OCx

OCxN : : :

Figure 18-32: Dead-time Waveform with Delay Greater than Negative Pulse

OCxREF

OCx

OCXN delay§<—>.

Figure 18-33: Dead-time Waveform with Delay Greater than Positive Pulse
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18.6.13 Break Function

The break function can be activated using an external break signal or a clock fault signal.
When a break occurs:

® The output enable register is cleared asynchronously, and the output can be forced to

inactive, idle or reset state (selected by the OSSI bit).
® FEach output channel is driven with the level programmed in the OISx bit in the register.

® When complementary outputs are enabled, the outputs are asynchronously set to the
inactive state and reset state, and the dead-time insertion circuit starts to work, driving

the output to the level defined by OISx and OIXN after the dead time.

® The break status flag is set. An interrupt or DMA request can be triggered according to

the configuration.

® [f the automatic output is enabled (AOE = 1), the MOE bit will be automatically set at the

next update event; otherwise, MOE will remain 0 until it is reset by software.

Note: The BRK signal is acting on level, so MOE cannot be set while BRK remains active, and

the break flag BIF cannot be cleared.
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Break
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(CH4, CCxP=1, 0ISx=0)

OCx
(CH&, CCxP=1, OISx=1)

OCx

OCxN
(CCxE=1, CCxP=0, OISx=0, CCxNE=1, CCxNP=0, OIStN=1)

OCx

OCxN
(CCxE=1, CCxP=0, OISx=1, CCXNE=1, CCxNP=1, OISkN=1

OCx

OCxN
(CCxE=1, CCxP=0, OISx=0, CCXNE=0, CCXNP=0, OISkN=1
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Figure 18-34: Various Output Behavior in Response to A Break Event

18.6.14 6-step PWM Generation

When complementary outputs are used on a channel, preload bits are available on the OCxM,
CCxE and CCxNE bits. The preload bits are transferred to the shadow bits at the COM

commutation event, thus one can program in advance the configuration for the next step and
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update the configuration of all the channels at the same time. COM can be generated by

software by setting the COM bit in the TIM_EGR register or by hardware (on TRGlI rising edge).

A flag is set when the COM event occurs, which can generate an interrupt or a DMA request.

The figure below describes the behavior of the OCx and OCxN outputs when a COM event

occurs, in 3 different examples of programmed configurations.

OCxREF

COM event

OCx
Example 1

OCxN

OCx
Example 2
OCxN

OCx
Example 3

OCxN

V1.9.1

}/rite COMto1

CCxE=1 CCxE=1
CCxNE=0 Write OCxM to 100 CCxNE=0
0CxM=110 0CxM=100
CCxE=1 CCxE=0
CCxNE=0 Write CCxNE to 1 CCxNE=1
OCxM=100(orced inactive) and CCxETO 0 . 0CxM=100
COy Write CCxNE to 0 COxE=1
CCxNE=1 4 OCM t0 100 CCxNE=0
0CxM=110 and LLxMto 0CxM=100

—

—

Figure 18-35: 6-step PWM Generation, COM Example (OSSR = 1)
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18.6.15 One-pulse Output Mode

One-pulse output mode is a particular case of the compare output mode, which allows the
counter to generate a pulse with a programmable length after a programmable delay

following the occurrence of an event.

Different from other output modes, the counter will stop automatically at the next update
event. A pulse can be correctly generated only if the compare value is different from the
counter initial value. In up-counting, it is required that CNT < CCR = ARR; in down-counting, it

is required that CNT > CCR.

TIM_ARR
TIM_CCR1

CNT

OCxREF

OC1

TI2

< > t—>

tdelay tpu\se

Figure 18-36: Timing Diagram ofOne-pulse Mode
In the above figure, TI2 input is used as the counter trigger signal. When the count value
reaches CCR, the OCXREF outputs a low level. Once the counter counts up to ARR, the
OCxREF signal returns to a high level, and the counter rolls back to 0, stopping the counting

process.
The configuration for realizing the above function of TI2 as an input trigger is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH2.

2. Disable the channel by setting TIM_CCER[4] = 0 to ensure the success of subsequent

channel configuration.
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3. Select the input channel by setting TIM_CCMR1[9:8] = 01.
4. Select the active counting edge by setting TIM_CCER[5] = 0.
5. Select TI2FP2 as the trigger input source by setting TIM_SMCR.TS[2:0] = 110.

6. Set the slave mode controller to trigger mode by setting TIM_SMCR.SMS[2:0] = 110, with

TI2FP2 for activating the counter.
7. Enable the channel by setting TIM_CCER[4] = 1.
The configuration for realizing the above function of OC1 as an output is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the output channel by setting TIM_CCMR1[1:0] = 00.
4. Select the active counting edge by setting TIM_ CCMR1[6:4] = 111, in PWM mode 2.
5. Enable the channel by setting TIM_CCER[0] = 1.
Special settings for generating OPM waveform timing:
1. tdelay is determined by the value of TIM_CCR1.

2. touse is determined by the difference between TIM_ARR and TIM_CCR1 (TIM_ARR -

TIM_CCR1).

3. Configure to one-pulse mode by setting TIM_CR1[3] = 1.

18.6.16 Clearing OCxREF Signal on External Event

OCxREF is active at high level, and it can be pulled down directly until the next update event

by applying a high level to the external ETR pin. This function can only be used in output
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compare and PWM modes, and does not work in forced mode. Enabling this function requires

setting OCxCE to 1.

ETRF

OCxREF
OCxCE=0

L

OCxREF
OCXCE=1

ETRF becomes high

S a

ETRF becomes low

Figure 18-37: Timing Diagram of ETR Signal Clearing OCxREF of TIM

18.6.17 Encoder Interface Mode

The encoder interface mode involves two external input signals. The TIM determines whether

to count up or down according to the edge of one signal relative to the level of the other

signal. The following table shows the relationship between the counting mode and the two

inputs:
Table 18-3: Counting Direction versus Encoder Signals
Level on Opposite TI1 Signal TI2 Signal
Active Edge Signal (TI1 for TI2, . ) . )
Rising Falling Rising Falling
TI2 for TI1)
) High Down Up No count | No count
Counting on TI1 only
Low Up Down No count | No count
) High No count | No count | Up Down
Counting on TI2 only
Low No count | No count | Down Up
Counting on TI1 and | High Down Up Up Down
TI2 Low Up Down Down Up

V1.9.1
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For example, when the counter is counting on TI1, it will count down if TI2 is sampled as high

level on the rising edge of TI1, and count up if TI2 is sampled as high level on the falling edge

of TI1.

forward jitter backward jitter forward
m [ | |
T2 [ [ I I
L]
TIM_CNT
CC1P=0
I -
_‘H up down
| ML
(LML
+
TIM_CNT HH
CC1P=1
down Lm up down

Example of counter operation in encoder interface mode

Figure 18-38: Example of Counter Operation in Encoder Interface Mode

The input channels in encoder interface mode shall be set as follows:

1. In GPIO module, configure the corresponding pins with TIM_CH1 and TIM_CH2 functions.

2. Disable the channel by setting TIM_CCER[0] = 0 and TIM_CCER[4] = 0 to ensure the

success of subsequent channel configuration.

3. Select the input channel by setting TIM_CCMR1[1:0] = 01 and TIM_CCMR1[9:8] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0 and TIM_CCER[5] = 0.

5. Set the slave mode controller to encoder mode 3 by setting TIM_SMCR.SMS[2:0] = 011.

6. Enable the channel by setting TIM_CCER[0] = 1 and TIM_CCER[4] = 1.
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18.6.18 TIM slave mode:

When TIM is used as a slave (triggered by an external event), it can be configured to operate

in three modes: reset mode, gated mode, and trigger mode.

18.6.18.1 Reset Mode

In this mode, all the preload registers in TIM will be reinitialized in response to an event on a
trigger input, and the counter will restart from 0. The following figure shows that the counter
behaves normally until rising edge is detected on TI1 input, at which time the counter is

cleared and restarts from 0.
The configuration in the following figure example is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0.
5. Select TITFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.
6. Configure the slave mode controller to reset mode by setting TIM_SMCR.SMS[2:0] = 100.
7. Enable the channel by setting TIM_CCER[0] = 1.

8. Enable the counter by setting TIM_CR1[0] = 1.
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Figure 18-39: Timing Diagram in Reset Mode

18.6.18.2 Gated Mode

In this mode, the counter can be enabled depending on the level of a selected input. The

interrupt flag is triggered whenever a level shift causes the counter to start or stop counting.
The configuration in the following figure example is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0.
5. Select TITFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.
6. Configure the slave mode controller to gated mode by setting TIM_SMCR.SMS[2:0] = 101.
7. Enable the channel by setting TIM_CCER[0] = 1.

8. Enable the counter by setting TIM_CR1[0] = 1.
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Figure 18-40: Timing Diagram in Gated Mode

18.6.18.3 Trigger Mode

The counter can start in response to an event on a selected input.
The configuration in the following figure example is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0.
5. Select TITFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.
6. Configure the slave mode controller to trigger mode by setting TIM_SMCR.SMS[2:0] = 110.

7. Enable the channel by setting TIM_CCER[0] = 1.

i | [ 1

CEN |

Timer clock = CK_CNT

oNT 0 (ososforfoefosion

TIF

Figure 18-41: Timing Diagram in Trigger Mode
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18.6.18.4 External Clock Mode 2 + Trigger Mode

In this mode, ETR can be set as the counting clock, while another external input is used as a

trigger signal to start the counter. For instance, the counter begins counting on the rising

edge of the ETR input after detecting the rising edge of TI1.

The configuration in the following figure example is as follows:

1.

10.

11.

In GPIO module, configure the corresponding pins as TIM_CH1 and TIM_ETR.

Select the ETP edge by setting TIM_SMCR[15] = 0.

Set the ETR division ratio by setting TIM_SMCR.ETPS[1:0] = 01.

Configure the input filter duration by setting TIM_SMCR ETF[3:0] = 0000.

Set the ECE register and enable the external clock mode 2 by setting TIM_SMCR[14] = 1.

Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.

Select the input channel by setting TIM_CCMR1[1:0] = 01.

Select the active counting edge by setting TIM_CCER[1] = 0.

Select TINFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.

Configure the slave mode controller to trigger mode by setting TIM_SMCR.SMS[2:0] = 110.

Enable the channel by setting TIM_CCERI[0] = 1.

TI1 N

CEN |

e | L1 L1 L LI L]
CK_CNT=CK_PSC |_| |_| |_| |_|_

CNT 00 X o1 X 02 X 03 X 04

TIF |

Figure 18-42: Timing Diagram in External Clock Mode 2 + Trigger Mode
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18.6.19 Timer Synchronization

Timers can be cascaded together through trigger events to achieve synchronization or

cascading operation.

A timer can utilize four internal trigger inputs, allowing the trigger signal output from one

timer to connect to the internal trigger input of other timers.

18.6.20 DMA Access

TIM supports seven types of DMA requests, including four CC channel requests, an external

trigger request, an update event request, and a COM trigger request.

Each CC channel generates a DMA request, which is used to transfer the content of CCRx to
RAM in capture mode, and to write the data in RAM to CCRx in compare mode. The DMA
request can be configured as single-transfer or burst-transfer (CCxBURSTEN), wherein the
former accesses only the CCRx register, while the latter accesses a specific set of registers

based on the DCR register configuration.

In addition, DMA requests can also be generated from external trigger event, software trigger
event and COM trigger event, and at the occurrence of these requests, DMA burst transfer will
be started to write data to one or more registers within TIM or to read one or more register

values from TIM.

Table 18-4: Seven DMA Requests Supported by TIM

DMA DMA Access | Single-transfer
CCxBURSTEN | DMA.CHxCTRL.DIR
Request Object Length
0 0 Read CCR1 :
1 Write CCR1
TIM_CH1
0 Read DMAR
1 DBL
1 Write DMAR
0 Read CCR2
TIM_CH2 0 1
1 Write CCR2
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DMA DMA Access | Single-transfer
CCxBURSTEN | DMA.CHxCTRL.DIR
Request Object Length
0 Read DMAR
1 DBL
1 Write DMAR
0 0 Read CCR3 :
1 Write CCR3
TIM_CH3
0 Read DMAR
1 DBL
1 Write DMAR
0 0 Read CCR4 :
1 Write CCR4
TIM_CH4
0 Read DMAR
1 DBL
1 Write DMAR
0 Read DMAR
TIM_TRIG N/A DBL
1 Write DMAR
0 Read DMAR
TIM_UEV N/A DBL
1 Write DMAR
0 Read DMAR
TIM_COM N/A DBL
1 Write DMAR

18.6.21 MA Burst

TIM supports DMA and DMA-burst access. A DMA request can be generated at a specific
event, so as to write the capture result in CCR to RAM or write the content of one or more

registers in RAM to the preload register in TIM.

DMA-burst allows to generate multiple successive DMA requests upon a single event. The
main purpose is to update the content of multiple registers in a row each time a given timer
event is triggered, thus making it possible to dynamically modify the output waveform in real

time.

The DMA controller destination is unique and must be directed to the virtual register
TIM_DMAR. On a given timer event, the timer launches a sequence of DMA requests (burst).
Each DMA write access to the TIM_DMAR register will be redirected to the actual function

register by TIM.
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The DBL bits in the register set the DMA burst length, and the DBA bits define the base

address for DMA access to TIM (an offset starting from the address of the TIM_CR register).

In DMA-burst mode, all DMA access shall be directed to the virtual register DMAR, and TIM
automatically accumulates the internal offset address according to the access. The DBA bits in
the register are used to specify the destination address of the first DMA transfer within TIM,

while the DBL bits are used to specify the burst length.

18.6.22 Input XOR Function

The XOR output of the input signals of channels 1-3 can be connected to the filter and edge

circuit input of channel 1 for input capture or trigger.

The TI1S bit in the TIM_CR2 register is used to select whether the input to channel 1 comes

from the XOR of the three channel inputs.

18.6.23 Debug Mode

When the CPU enters debug mode, the timer can either stop or continue working, and its

behavior is defined by registers in the chip system.

When the timer is stopped during debugging, its output will be disabled (MOE is cleared).
Depending on the register configuration, the output signal can be forced to be inactive or

controlled by the GPIO module.

18.7 Register Description
TIMO register base address: 0x4700_4000
TIM7 register base address: 0x4700_5000

The registers are listed below:
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Table 18-5: List of Registers Regarding Advanced-control Timers TIMO & TIM7

Offset Address Name Description

0x00 TIM_CR1 Control register 1

0x04 TIM_CR2 Control register 2

0x08 TIM_SMCR Slave mode control register
0x0C TIM_DIER DMA and interrupt enable register
0x10 TIM_SR Status register

0x14 TIM_EGR Event generation register

0x18 TIM_CCMR1 Capture/compare register 1

0x1C TIM_CCMR2 Capture/compare register 2

0x20 TIM_CCER Capture/compare enable register
0x24 TIM_CNT Counter register

0x28 TIM_PSC Prescaler register

0x2C TIM_ARR Auto-reload register

0x30 TIM_RCR Repetition counter register

0x34 TIM_CCR1 Capture/compare register 1

0x38 TIM_CCR2 Capture/compare register 2
0x3C TIM_CCR3 Capture/compare register 3

0x40 TIM_CCR4 Capture/compare register 4

Ox44 TIM_BDTR Break and dead-time control register
0x48 TIM_DCR DMA control register

0x4C TIM_DMAR DMA access register

Registers are detailed in the following sections.

18.7.1

Control Register 1 (TIM_CR1)

Offset address: 0x00

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:10 | RSV - - Reserved
Dead time and digital filter clock frequency
division register (division ratio relative to

9:8 CKD | R/W 0x0 CKINT)
00: tors = tek Nt
01: tors = 2 * taunt
10: tors = 4 * tokunt
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Bit Name | Attribute | Reset Value | Description

11: Reserved, prohibited

Auto-reload preload enable:
7 APRE | R/W 0x0 0: ARR not preloaded
1: ARR preloaded

Counter alignment mode selection:

00: Edge-aligned mode

01: Center-aligned mode 1; output compare

interrupt flags are set only when the counter
is counting down.

6:5 CMS | R/W 0x0 10: Center-aligned mode 2; output compare

interrupt flags are set only when the counter
is counting up.

11: Center-aligned mode 3; output compare

interrupt flags are set both when the counter

is counting up or down.

Counting direction register:
0: Count up

1: Count down

4 DIR R/W 0x0
Note: This register is read-only when the
timer is configured in center-aligned mode or

encoder mode.

One-pulse output mode:

0: The counter does not stop at the

3 OPM | R/IW 0x0 occurrence of update event.

1: The counter stops at the occurrence of

update event (CEN cleared automatically).

Update request source:

0: An update interrupt or DMA request will be

generated by any of the following events:

® Counter overflow/underflow

® Software setting the UG bit

2 URS | RIW 0x0

® Update generated from the slave mode
controller

1: An update interrupt or DMA request will be

generated only at counter overflow or

underflow.

1 UDIS | R/'W 0x0 Update disable:
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Bit Name | Attribute | Reset Value | Description
0: Update event enabled The update event
can be generated by any of the following
events:
® Counter overflow/underflow
® Software setting the UG bit
® Update generated from the slave mode

controller

1: Update event disabled, shadow register not
updated; the counter and the prescaler will be
reinitialized if the UG bit is set or if the slave
mode controller receives a hardware reset.
Counter enable:
0: Disabled

0 CEN R/W 0x0 1: Enabled

Note: The external trigger mode can
automatically set the CEN bit.

18.7.2 Control Register 2 (TIM_CR2)

Offset address: 0x04

Reset value: 0x0000 0000

Bit Name | Attribute Reset Description
Value
31:15 | RSV - - Reserved
OC4 output idle state:
0: OC4 = 0 (after a dead-time if complementary
14 OlS4 R/W 0x0 output is enabled) when MOE = 0
1: OC4 = 1 (after a dead-time if complementary
output is enabled) when MOE = 0
OC3N output idle state:
0: OC3N = 0 after a dead-time when MOE =0
13 OIS3N | R/'W 0x0 1: OC1N = 1 after a dead-time when MOE = 0 [For
OC1-3N, (CCxP || CCxNP) = 1 is also required for
OCxN=11]
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Reset

Bit Name | Attribute Description
Value

OC3 output idle state:
0: OC3 =0 (after a dead-time if complementary
output is enabled) when MOE =0

12 OIS3 R/W 0x0 1: OC3 = 1 (after a dead-time if complementary
output is enabled) when MOE =0
[For OC1-3, (CCxP || CCxNP) is also required for OCx
=1]
OC2N output idle state:
0: OC2N = 0 after a dead-time when MOE =0

11 OIS2N | R/W 0x0 1: OC2N = 1 after a dead-time when MOE = 0 [For
OC1-3N, (CCxPIICCxNP) = 1 is also required for
OCxN=11]
OC2 output idle state:
0: OC2 = 0 (after a dead-time if complementary
output is enabled) when MOE = 0

10 0IS2 R/W 0x0 1: OC2 = 1 (after a dead-time if complementary
output is enabled) when MOE =0
[For OC1-3, (CCxP || CCxNP) is also required for OCx
=11]
OC1N output idle state:
0: OC1N = 0 after a dead-time when MOE =0

9 OISTN | R/W 0x0 1: OC1N = 1 after a dead-time when MOE = 0 [For
OC1-3N, (CCxP|ICCxNP) = 1 is also required for
OCxN=11]
OC1 output idle state:
0: OC1 = 0 (after a dead-time if complementary
output is enabled) when MOE = 0

8 OIS1 R/W 0x0 1: OC1 =1 (after a dead-time if complementary
output is enabled) when MOE = 0
[For OC1-3, (CCxP || CCxNP) is also required for OCx
=11]
T1 input selection:
0: T1 input from CH1 pin

7 TINS R/W 0x0
1: T1 input from XOR combination of CH1, CH2 and
CH3 pins
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Reset
Bit Name | Attribute Description
Value
Master mode selection, selecting the TRGO trigger
mode:
000: Reset—TRGO is generated by the UG bit in the
EGR register.
001: Enable—TRGO is generated by the counter
enable signal, including the CEN control bit and
external trigger.
010: Update—TRGO is generated by the update
6:4 MMS R/W 0x0

event.

011: Compare pulse—TRGO is generated when an
input capture or compare event occurs that sets
CC1F to 1.

100: Compare—TRGO is generated by OCTREF.
101: Compare—TRGO is generated by OC2REF.
110: Compare—TRGO is generated by OC3REF.
111: Compare—TRGO is generated by OC4REF.
Capture/compare DMA selection:

3 CCDS | R/W 0x0 0: CCx DMA request sent when CCx event occurs

1: CCx DMA request sent when update event occurs

Capture/compare control update selection,
selecting the method by which the preloaded
capture/compare control bits are updated:

0: By setting the COMG bit to 1 only

1: By setting the COMG bit to 1 or when the TRGI
signal occurs

1 RSV - - Reserved

Capture/compare preload control:

0: The preload of CCxE, CCxNE, and OCxM registers
is disabled.

1: The preload of CCxE, CCxNE, and OCxM registers
0 CCPC R/W 0x0 is enabled. When enabled, these registers are

updated only upon a commutation event (COM).

2 CCUS |R/W 0x0

Note: This bit acts only on channels that have a

complementary output.
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18.7.3 Slave Mode Control Register (TIM_SMCR)

Offset address: 0x08

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15

ETP

R/W

0x0

External trigger polarity:
0: Active at high level or rising edge

1: Active at low level or falling edge

14

ECE

R/W

0x0

Enable clock enable:
0: External clock mode 2 disabled
1: External clock mode 2 enabled; the counter is

clocked by any active edge on the ETRF signal.

13:12

ETPS

R/W

0x0

External trigger prescaler:

The frequency of external trigger signal ETRP
must be at most 1/4 of TIM clock frequency. A
prescaler can be enabled to reduce ETRP
frequency when inputting fast external clocks.
00: Prescaler off

01: Frequency divided by 2

10: Frequency divided by 4

11: Frequency divided by 8

ETF

R/W

0x0

External trigger filter frequency and length
selection:

0000: No filter

00017: fsampring = fexnt, N = 2
0010: fsampuing = fok nt, N = 4
0011: fsampuing = feknt, N =8
0100: fsampung=fors /2, N =6
0101: fsampung = fors /2, N =8
0110: fsampuing = fors / 4, N = 6
0111: fsampung = fors / 4, N =8
1000: fsampLing = fors / 8, N =6
1001: fsampung = fors / 8, N =8
1010: fsampuing = fors / 16, N =5
1011: fsampung = fors / 16, N = 6
1100: fsampLing = fors / 16, N = 8
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Bit

Name

Attribute

Reset Value

Description

1107: fsamping = fors / 32, N =5
1110: fSAMPLING = fDTS / 32, N=6
1111: fSAMPLING = fDTS / 32, N=38

MSM

R/W

0x0

Master/slave mode selection:

0: No action

1: The effect of an event on the trigger input
(TRGI) is delayed to allow a perfect
synchronization between the current timer and
its slaves (through TRGO).

6:4

TS

R/W

0x0

Trigger selection for selecting the trigger
source to be used to synchronize the counter:
000: Internal trigger 0 (ITRO)

001: Internal trigger 1 (ITR1)

010: Internal trigger 2 (ITR2)

011: Internal trigger 3 (ITR3)

100: TI1 edge detector (TI1F_ED)

101: Filtered timer input 1 (TITFP1)

110: Filtered timer input 2 (TI2FP2)

111: External trigger input (ETRF)

Note: These bits can be changed only when the
slave mode is disabled (i.e. SMS = 000).

RSV

Reserved

2:0

SMS

R/W

0x0

Slave mode selection:

000: Slave mode disabled—if CEN is enabled,
then the prescaler is clocked directly by the
internal clock.

001: Encoder mode 1—counter counts
up/down on TI2FP1 edge depending on TITFP2
level.

010: Encoder mode 2—counter counts
up/down on TI1FP2 edge depending on TI2FP1
level.

011: Encoder mode 3—counter counts
up/down on both TITFP1 and TI2FP2 edges
depending on the level of other inputs.

100: Reset mode—rising edge of the selected

trigger input (TRGI) reinitializes the counter and
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Bit

Name | Attribute

Reset Value

Description

generates an update of the registers.

101: Gated mode—the counter clock is enabled
when TRGl is high, and stops as soon as it
becomes low.

110: Trigger mode—the counter starts at the
rising edge of TRGI (but it is not reset).

111: External clock mode 1—rising edges of

TRGI directly clock the counter.

18.7.4 DMA / Interrupt Enable Register (TIM_DIER)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:20

RSV

Reserved

19

CC4OF_DISABLE

R/W

0x0

CC4OF interrupt enable:
0: Enabled
1: Disabled

18

CC30OF_DISABLE

R/W

0x0

CC3OF interrupt enable:
0: Enabled
1: Disabled

17

CC20F_DISABLE

R/W

0x0

CC20F interrupt enable:
0: Enabled
1: Disabled

16

CC10F_DISABLE

R/W

0x0

CC10F interrupt enable:
0: Enabled
1: Disabled

15

RSV

Reserved

14

TDE

R/W

0x0

External trigger DMA request enable:
0: In slave mode, external trigger
DMA request disabled

1: In slave mode, external trigger
DMA request enabled (can be used to
automatically update the preload

register)
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Bit

Name

Attribute

Reset Value

Description

13

COMDE

R/W

0x0

COM DMA request enable:
0: COM DMA request disabled
1: COM DMA request enabled

12

CC4DE

R/W

0x0

Capture/compare channel 4 DMA
request enable:

0: CC4 DMA request disabled

1: CC4 DMA request enabled

11

CC3DE

R/W

0x0

Capture/compare channel 3 DMA
request enable:

0: CC3 DMA request disabled

1: CC3 DMA request enabled

10

CC2DE

R/W

0x0

Capture/compare channel 2 DMA
request enable:

0: CC2 DMA request disabled

1: CC2 DMA request enabled

CC1DE

R/W

0x0

Capture/compare channel 1 DMA
request enable:

0: CC1 DMA request disabled

1: CC1 DMA request enabled

UDE

R/W

0x0

Update DMA request enable:
0: Update DMA request disabled
1: Update DMA request enabled

BIE

R/W

0x0

Break interrupt enable:
0: Break interrupt disabled

1: Break interrupt enabled

TIE

R/W

0x0

Trigger interrupt enable:
0: Trigger interrupt disabled
1: Trigger interrupt enabled

COMIE

R/W

0x0

COM interrupt enable:
0: COM interrupt disabled
1: COM interrupt enabled

CC4IE

R/W

0x0

Capture/compare channel 4 interrupt

enable:
0: CC4 interrupt disabled
1: CC4 interrupt enabled
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Bit

Name

Attribute

Reset Value | Description

CC3IE

R/W

0x0

Capture/compare channel 3 interrupt
enable:

0: CC3 interrupt disabled

1: CC3 interrupt enabled

CC2IE

R/W

0x0

Capture/compare channel 2 interrupt
enable:

0: CC2 interrupt disabled

1: CC2 interrupt enabled

CC1IE

R/W

0x0

Capture/compare channel 1 interrupt
enable:

0: CC1 interrupt disabled

1: CC1 interrupt enabled

UIE

R/W

0x0

Update interrupt enable:
0: Update interrupt disabled

1: Update interrupt enabled

18.7.5 Status Register (TIM_SR)

Offset address: 0x10

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:13

RSV

Reserved

12

CC40F

R/WOC

0x0

Capture/compare channel 4 overcapture flag:
This bit is only valid when the corresponding
channel is configured in input capture mode. It
is set by hardware and cleared by software
writing it to 0.

0: No overcapture event

1: A new capture occurs while CC4IF flag is 1.

11

CC30F

R/WOC

0x0

Capture/compare channel 3 overcapture flag:
This bit is only valid when the corresponding
channel is configured in input capture mode. It
is set by hardware and cleared by software
writing it to 0.

0: No overcapture event

1: A new capture occurs while CC3IF flag is 1.
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Bit

Name

Attribute

Reset Value

Description

10

CC20F

R/WOC

0x0

Capture/compare channel 2 overcapture flag:
This bit is only valid when the corresponding
channel is configured in input capture mode. It
is set by hardware and cleared by software
writing it to 0.

0: No overcapture event

1: A new capture occurs while CC2IF flag is 1.

CC10F

R/WOC

0x0

Capture/compare channel 1 overcapture flag:
This bit is only valid when the corresponding
channel is configured in input capture mode. It
is set by hardware and cleared by software
writing it to 0.

0: No overcapture event

1: A new capture occurs while CC1IF flag is 1.

RSV

Reserved

BIF

R/WOC

0x0

Break interrupt flag is set by hardware and

cleared by software via writing it to 0.

TIF

R/WOC

0x0

Trigger interrupt flag is set by hardware and

cleared by software via writing it to 0.

COMIF

R/WOC

0x0

COM interrupt flag is set by hardware and

cleared by software via writing it to 0.

CC4IF

R/WOC

0x0

Capture/compare channel 4 interrupt flag:

If channel CC4 is configured as output: the
CCA4IF flag is set when the counter matches the
compare value, and cleared by software via
writing it to 0.

If channel CC4 is configured as input: this flag is
set by hardware on a capture. It is cleared by
software via writing it to 0 or automatically
cleared by software reading TIM_CCRA4.

CC3IF

R/WOC

0x0

Capture/compare channel 3 interrupt flag:

If channel CC3 is configured as output: the
CC3IF flag is set when the counter matches the
compare value, and cleared by software via
writing it to 0.

If channel CC3 is configured as input: this flag is

set by hardware on a capture. It is cleared by
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Bit Name | Attribute | Reset Value | Description

software via writing it to 0 or automatically

cleared by software reading TIM_CCR3.

Capture/compare channel 2 interrupt flag:

If channel CC2 is configured as output: the
CC2IF flag is set when the counter matches the
compare value, and cleared by software via

2 CC2IF | R/WOC 0x0 writing it to 0.

If channel CC2 is configured as input: this flag is
set by hardware on a capture. It is cleared by
software via writing it to 0 or automatically

cleared by software reading TIM_CCR2.

Capture/compare channel 1 interrupt flag:

If channel CC1 is configured as output: the
CC1IF flag is set when the counter matches the
compare value, and cleared by software via

1 CC1IF | R/WOC 0x0 writing it to 0.

If channel CC1 is configured as input: this flag is
set by hardware on a capture. It is cleared by
software via writing it to 0 or automatically

cleared by software reading TIM_CCR1.

Update interrupt flag is set by hardware and

cleared by software via writing it to 0.

UIF is set and the shadow register is updated at

the following events:

® Counter overflow occurs if repetition
counter =0 and UDIS = 0.

® The counter is reinitialized by software
setting the UG bit if URS = 0 and UDIS = 0.

® The counter is reinitialized by a trigger
event if URS = 0 and UDIS = 0.

0 UIF R/WOC 0x0

18.7.6 Event Generation Register (TIM_EGR)

Offset address: 0x14

Reset value: 0x0000 0000
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Bit

Name

Attribute | Reset Value

Description

31:8

RSV

Reserved

BG

0x0

Software break: This bit is set by software to
generate a break event, and it is automatically

cleared by hardware.

TG

0x0

Software trigger: This bit is set by software to
generate a trigger event, and it is automatically

cleared by hardware.

COMG

0x0

Software COM event: This bit is set by hardware

and cleared by software writing it to 1.

CC4G

0x0

Capture/compare channel 4 software trigger:

If channel CC4 is configured as output: CC4G is
set, and if enabled, it can generate the
corresponding interrupt and DMA request.

If channel CC4 is configured as input: the current
counter value is captured in the TIM_CCR4
register, the CC4G is set, and if enabled, it can
generate the corresponding interrupt and DMA

request.

CC3G

0x0

Capture/compare channel 3 software trigger:

If channel CC3 is configured as output: CC3G is
set, and if enabled, it can generate the
corresponding interrupt and DMA request.

If channel CC3 is configured as input: the current
counter value is captured in the TIM_CCR3
register, the CC3G is set, and if enabled, it can
generate the corresponding interrupt and DMA

request.

CC2G

0x0

Capture/compare channel 2 software trigger:

If channel CC2 is configured as output, CC2G is
set, and if enabled, it can generate the
corresponding interrupt and DMA request.

If channel CC2 is configured as input: the current
counter value is captured in the TIM_CCR2
register, the CC2G is set, and if enabled, it can
generate the corresponding interrupt and DMA

request.
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Bit

Name

Attribute

Reset Value

Description

CC1G

0x0

Capture/compare channel 1 software trigger:

If channel CC1 is configured as output: CC1G is
set, and if enabled, it can generate the
corresponding interrupt and DMA request.

If channel CC1 is configured as input: the current
counter value is captured in the TIM_CCR1
register, the CC1G is set, and if enabled, it can
generate the corresponding interrupt and DMA

request.

UG

0x0

Update generation: This bit can be set by
software to generate an update event, and is
automatically cleared by hardware.

When the software sets UG, the counter is
reinitialized, the shadow register is updated, and

the prescaler counter is cleared.

18.7.7 Capture/Compare Register 1 (TIM_CCMR1)

Offset address: 0x18

Reset value: 0x0000 0000

Note: This register is multiplexed for two different functions under output compare and input

capture modes.

® Output compare mode

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15

OC2CE

R/W

0x0

Output compare 2 clear enable:

0: OC2REF is not affected by ETRF input.

1: OC2REF is automatically cleared once a high
level is detected on ETRF input.

14:12

OoCc2M

R/W

0x0

Output compare 2 mode configuration:
These bits define the behavior of the output
reference signal OC2REF.

000: The comparison between the output

compare register CCR2 and the counter CNT
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Bit Name | Attribute | Reset Value | Description

has no effect on the outputs.
001: Set OC2REF high when CCR2 = CNT
(falling edge)
010: Set OC2REF low when CCR2 = CNT (falling
edge)
011: Toggle OC2REF when CCR2 = CNT (falling
edge)
100: Force OC2REF low (inactive)
101: Force OC2REF high (active)
110: PWM mode 1
In up-counting, OC2REF is set high when
CNT < CCR2, otherwise it is set low.
In down-counting, OC2REF is set low
when CNT = CCR2, otherwise it is set
high.
111: PWM mode 2
In up-counting, OC2REF is set low when
CNT < CCR2, otherwise it is set high.
In down-counting, OC2REF is set high when
CNT = CCR2, otherwise it is set low.

Output compare 2 preload enable:

0: Preload register on CCR2 disabled; CCR2 can
be written directly.

11 OC2PE | R/W 0x0 1: Preload register on CCR2 enabled; read/write
operations access the preload register; the
preload value is shifted to the shadow register

at each update event.

Output compare 2 fast enable:

0: Fast disabled, the trigger input will not affect
the comparison output.

1: Fast enabled, the trigger input will

10 OC2FE | R/W 0x0 immediately change OC2REF to the output
when the comparison values match, regardless
of the actual current comparison.

This function acts only if the channel is
configured in PWM1 or PWM2 mode.

9:8 CC2S | R/W 0x0 Capture/compare channel 2 selection:
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Bit

Name

Attribute

Reset Value

Description

00: CC2 channel is configured as output.

01: CC2 channel is configured as input, IC2 is
mapped on TI2.

10: CC2 channel is configured as input, IC2 is
mapped on TI1.

11: CC2 channel is configured as input, IC2 is
mapped on TRC.

Note: CC2S bits are writable only when the
channel is OFF (CC2E = 0).

OC1CE

R/W

0x0

Output compare 1 clear enable:

0: OC1REF is not affected by ETRF input.

1: OC1REF is automatically cleared once a high
level is detected on ETRF input.

6:4

OC1M

R/W

0x0

Output compare 1 mode: these bits define the
behavior of the output reference signal
OC1REF.
000: The comparison between the output
compare register CCR1 and the counter CNT
has no effect on the outputs.
001: Set OCTREF high when CCR1 = CNT
(falling edge)
010: Set OCTREF low when CCR1 = CNT (falling
edge)
011: Toggle OC1REF when CCR1 = CNT (falling
edge)
100: Force OC1REF low (inactive)
101: Force OC1REF high (active)
110: PWM mode 1
In up-counting, OC1REF is set high when
CNT < CCR1, otherwise it is set low.
In down-counting, OC1REF is set low
when CNT = CCR1, otherwise it is set
high.
111: PWM mode 2
In up-counting, OC1REF is set low when
CNT < CCR1, otherwise it is set high.
In down-counting, OC1REF is set high
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Bit Name | Attribute | Reset Value | Description

when CNT = CCR1, otherwise it is set low.

Output compare 1 preload enable:

0: Preload register disabled; CCR1 can be
written directly.

3 OC1PE | R/W 0x0 1: Preload register on CCR1 enabled; read/write
operations access the preload register; the
preload value is shifted to the shadow register

at each update event.

Output compare 1 fast enable:

0: Fast disabled, the trigger input will not affect
the comparison output.

1: Fast enabled, the trigger input will

2 OC1FE | R/IW 0x0 immediately change OCTREF to the output
when the comparison values match, regardless
of the actual current comparison.

This function acts only if the channel is
configured in PWM1 or PWM2 mode.

Capture/compare channel 1 selection:

00: CC1 channel is configured as output.

01: CC1 channel is configured as input, IC1 is
mapped on TI1.

10: CC1 channel is configured as input, IC1 is
1:0 CC1S | R/IW 0x0
mapped on TI2.

11: CC1 channel is configured as input, IC1 is
mapped on TRC.

Note: CC1S bits are writable only when the

channel is OFF (CC1E = 0).

® Input capture mode

Bit Name | Attribute | Reset Value | Description
31:16 | RSV - - Reserved
15:12 | IC2F R/W 0x0 Input capture 2 filter
11:10 | IC2PSC | R/W 0x0 Input capture 2 prescaler
Capture/compare channel 2 selection:
9:8 CC2S R/W 0x0 00: CC2 channel is configured as output.
01: CC2 channel is configured as input, IC2 is
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Bit

Name

Attribute | Reset Value

Description

mapped on TI2.

10: CC2 channel is configured as input, IC2 is
mapped on TI1.

11: CC2 channel is configured as input, IC2 is
mapped on TRC.

Note: CC2S bits are writable only when the
channel is OFF (CC2E = 0).

7:4

IC1F

R/W 0x0

Input capture 1 filter:

This bit-field defines the frequency used to
sample TI1 input and the length of the digital
filter applied to TI1.

0000: No filter, sampling is done at fprs
0001: fsampring = fernt, N = 2

0010: fsampLing = forunt, N = 4

0011: fsampuing = feknt, N = 8

0100: fsampung=fors /2, N =6

0101: fsampung = fors / 2, N =8

0110: fsampung = fors / 4, N =6

0111: fsampLing = fors / 4, N = 8

1000: fsampuing = fors / 8, N =6

1001: fsampung = fors / 8, N =8

1010: fsampung = fors / 16, N =5

1011: fsampung = fors / 16, N = 6

1100: fsampuing = fors / 16, N = 8

1101: fsampung = fors / 32, N =5

1110: fsampung = fors / 32, N =6

1111: fsampung = fors / 32, N =8

3:2

IC1PSC

R/W 0x0

Input capture 1 prescaler:

00: No prescaler

01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events
The ICTPSC register is reset when CC1E = 0.

1:0

CC1S

R/W 0x0

Capture/compare channel 1 selection:
00: CC1 channel is configured as output.

01: CC1 channel is configured as input, IC1 is

mapped on TI1.
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Bit Name | Attribute | Reset Value | Description

10: CC1 channel is configured as input, IC1 is
mapped on TI2.

11: CC1 channel is configured as input, IC1 is
mapped on TRC.

Note: CC1S bits are writable only when the
channel is OFF (CC1E = 0).

18.7.8 Capture/Compare Register 2 (TIM_CCMR2)

Offset address: 0x1C
Reset value: 0x0000 0000
Note: This register is multiplexed for two different functions under output compare and input

capture modes.

® Output compare mode

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved

Output compare 4 clear enable:

0: OC4REF is not affected by ETRF input.

1: OC4REF is automatically cleared once a high

15 OC4CE | R/IW 0x0

level is detected on ETRF input.

Output compare 4 mode configuration:
These bits define the behavior of the output
reference signal OC4REF.
000: The comparison between the output
compare register CCR4 and the counter CNT
has no effect on the outputs.
001: Set OC4REF high when CCR4 = CNT.
010: Set OC4REF low when CCR4 = CNT.
011: Toggle OC4REF when CCR4 = CNT.
100: Force OC4REF low (inactive)
101: Force OC4REF high (active)
110: PWM mode 1
In up-counting, OC4REF is set high when
CNT < CCR4, otherwise it is set low.

14:12 | OC4M | RIW 0x0
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Bit

Name

Attribute

Reset Value

Description

In down-counting, OC4REF is set low
when CNT > CCR4, otherwise it is set
high.

111: PWM mode 2
In up-counting, OC4REF is set low when
CNT < CCR4, otherwise it is set high.
In down-counting, OC4REF is set high
when CNT > CCR4, otherwise it is set low.

11

OC4PE

R/W

0x0

Output compare 4 preload enable:

0: Preload register disabled; CCR4 can be
written directly.

1: Preload register on CCR4 enabled; read/write
operations access the preload register; the
preload value is shifted to the shadow register

at each update event.

10

OC4FE

R/W

0x0

Output compare 4 fast enable:

0: Fast disabled, the trigger input will not affect
the comparison output.

1: Fast enable is on, the trigger input will
immediately change OC4REF to the output
when the comparison values match, regardless
of the actual current comparison.

This function acts only if the channel is
configured in PWM1 or PWM2 mode.

9:8

CC4S

R/W

0x0

Capture/compare channel 4 selection:

00: CC4 channel is configured as output.

01: CC4 channel is configured as input, IC4 is
mapped on Tl4.

10: CC4 channel is configured as input, IC4 is
mapped on TI3.

11: CC4 channel is configured as input, IC4 is
mapped on TRC.

Note: CC4S bits are writable only when the
channel is OFF (CC4E = 0).

OC3CE

R/W

0x0

Output compare 3 clear enable:
0: OC3REF is not affected by ETRF input.
1: OC3REF is automatically cleared once a high
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Bit Name

Attribute

Reset Value

Description

level is detected on ETRF input.

6:4 OC3M

R/W

0x0

Output compare 3 mode: these bits define the
behavior of the output reference signal
OC3REF.
000: The comparison between the output
compare register CCR3 and the counter CNT
has no effect on the outputs.
001: Set OC3REF high when CCR3 = CNT.
010: Set OC3REF low when CCR3 = CNT.
011: Toggle OC3REF when CCR3 = CNT.
100: Force OC3REF low (inactive)
101: Force OC3REF high (active)
110: PWM mode 1
In up-counting, OC3REF is set high when
CNT < CCR3, otherwise it is set low.
In down-counting, OC3REF is set low
when CNT > CCR3, otherwise it is set
high.
111: PWM mode 2
In up-counting, OC3REF is set low when
CNT < CCR3, otherwise it is set high.
In down-counting, OC3REF is set high
when CNT > CCR3, otherwise it is set low.

3 OC3PE

R/W

0x0

Output compare 3 preload enable:

0: Preload register disabled; CCR3 can be
written directly.

1: Preload register on CCR3 enabled; read/write
operations access the preload register; the
preload value is shifted to the shadow register

at each update event.

2 OC3FE

R/W

0x0

Output compare 3 fast enable:

0: Fast disabled, the trigger input will not affect
the comparison output.

1: Fast enabled, the trigger input will
immediately change OC3REF to the output

when the comparison values match, regardless

of the actual current comparison.
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Bit Name | Attribute | Reset Value | Description
This function acts only if the channel is
configured in PWM1 or PWM2 mode.
Capture/compare channel 3 selection:
00: CC3 channel is configured as output.
01: CC3 channel is configured as input, IC3 is
mapped on TI3.
10: CC3 channel is configured as input, IC3 is

1:0 CC3S | R/W 0x0
mapped on Tl4.
11: CC3 channel is configured as input, IC3 is
mapped on TRC.
Note: CC3S bits are writable only when the
channel is OFF (CC3E = 0).

® Input capture mode

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved
Input capture 4 filter:
This bit-field defines the frequency used to
sample Tl4 input and the length of the digital
filter applied to Tl4.
0000: No filter, sampling is done at fprs
0001: fsampring = fount, N =2
0010: fsampring = foxnt, N = 4
0011: fsampring = fount, N =8
0100: fsampng=fors /2, N =6

15112 | IC4F | RIW 0x0 0101: fsampno =fors /2, N =8
0110: fsampung = fors / 4, N =6
0111: fsampng = fors / 4, N =8
1000: fsampung = fors / 8, N =6
1001: fsampung = fors / 8, N =8
1010: fsampuing = fors / 16, N =5
1011: fsampung = fors / 16, N = 6
1100: fsampung = fors / 16, N = 8
11071: fsampung = fors / 32, N =5
1110: fsampung = fors / 32, N = 6
1111: fsampung = fors / 32, N =8
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Bit

Name

Attribute

Reset Value

Description

11:10

IC4PSC

R/W

0x0

Input capture 4 prescaler:

00: No prescaler

01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events
The IC4PSC register is reset when CC4E = 0.

9:8

CC4S

R/W

0x0

Capture/compare channel 4 selection:

00: CC4 channel is configured as output.

01: CC4 channel is configured as input, IC4 is
mapped on Tl4.

10: CC4 channel is configured as input, IC4 is
mapped on TI3.

11: CC4 channel is configured as input, IC4 is
mapped on TRC.

Note: CC4S bits are writable only when the
channel is OFF (CC4E = 0).

7:4

IC3F

R/W

0x0

Input capture 3 filter:

This bit-field defines the frequency used to
sample TI3 input and the length of the digital
filter applied to TI3.

0000: No filter, sampling is done at fprs
00017: fsampring = fexunt, N =2

0010: fsamping = feknt, N = 4

0011: fsampring = fexunt, N =8

0100: fsamping=fors / 2, N =6

0101: fsampung = fors /2, N =8

0110: fsampung = fors / 4, N =6

0111: fsampung = fors / 4, N =8

1000: fsampung = fors / 8, N =6

1001: fsampuing = fors / 8, N =8

1010: fsampung = fors / 16, N =5

1011: fsampung = fors / 16, N = 6

1100: fsampLing = fors / 16, N = 8

1101: fsampung = fors / 32, N =5

1110: fsampuing = fors / 32, N =6

1111: fsampung = fors / 32, N =8
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Bit

Name

Attribute

Reset Value

Description

3:2

IC3PSC

R/W

0x0

Input capture 3 prescaler:

00: No prescaler

01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events
The IC3PSC register is reset when CC3E = 0.

1:0

CC3S

R/W

0x0

Capture/compare channel 3 selection:

00: CC3 channel is configured as output.

01: CC3 channel is configured as input, IC3 is
mapped on TI3.

10: CC3 channel is configured as input, IC3 is
mapped on Tl4.

11: CC3 channel is configured as input, IC3 is
mapped on TRC.

Note: CC1S bits are writable only when the
channel is OFF (CC1E = 0).

18.7.9 Capture/Compare Enable Register (TIM_CCER)

Offset address: 0x20

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:14

RSV

Reserved

13

CC4P

R/W

0x0

Capture/compare 4 output polarity:

CC4 channel configured as output:

0: OC4 is OC4REF.

1: OC4 is the inverse OC4REF.

CC4 channel configured as input:

0: Non-inverted: Capture is done on the rising
edge of IC4.

1: Inverted: Capture is done on the falling edge
of I1C4.

12

CC4E

R/W

0x0

Capture/compare 4 output enable:
CC4 channel configured as output:
0: OC4 not active

1: OC4 active
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Bit

Name

Attribute | Reset Value | Description

CC4 channel configured as input:
0: Capture disabled
1: Capture enabled

11

CC3NP

Capture/compare 3 complementary output
polarity:

CC3 channel configured as output:

R/W 0x0 0: OC3N is the inverse OC3REF.

1: OC3N is OC3REF.

CC3 channel configured as input:

Used in conjunction with CC3P

10

CC3NE

Capture/compare 3 complementary output
enable:

0: Disabled—OC3N is not active.

1: Enabled—OC3N signal is output.

R/W 0x0

CC3P

Capture/compare 3 output polarity:

CC3 channel configured as output:

0: OC3 is OC3REF.

1: OC3 is the inverse OC3REF.

CC3 channel configured as input:

In conjunction with CC3NP, {CC3NP,CC3P} bits
select the polarity of IC3:

00: Non-inverted: Capture is done on the rising
edge of IC3.

01: Inverted: Capture is done on the falling
edge of IC3.

10: Reserved

R/W 0x0

11: Non-inverted mode: Capture is done on
both the rising edge and falling edge of IC3.
This configuration must not be used for

encoder mode.

CC3E

Capture/compare 3 output enable: refer to
CC1E

R/W 0x0

CC2NP

Capture/compare 2 complementary output
polarity:

R/W 0x0 CC2 channel configured as output:

0: OC2N is the inverse OC2REF.

1: OC2N is OC2REF.
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Bit

Name

Attribute

Reset Value

Description

CC2 channel configured as input:

Used in conjunction with CC2P

CC2NE

R/W

0x0

Capture/compare 2 complementary output
enable:

0: Disabled—OC2N is not active.

1: Enabled—OC2N signal is output.

CC2pP

R/W

0x0

Capture/compare 2 output polarity:

CC2 channel configured as output:

0: OC2 is OC2REF.

1: OC2 is the inverse OC2REF.

CC2 channel configured as input:

In conjunction with CC2NP, {CC2NP,CC2P} bits
select the polarity of IC2:

00: Non-inverted: Capture is done on the rising
edge of IC2.

01: Inverted: Capture is done on the falling
edge of IC2.

10: Reserved

11: Non-inverted mode: Capture is done on
both the rising edge and falling edge of IC2.
This configuration must not be used for

encoder mode.

CC2E

R/W

0x0

Capture/compare 2 output enable:
CC2 channel configured as output:
0: OC2 not active

1: OC2 active

CC2 channel configured as input:
0: Capture disabled

1: Capture enabled

CC1INP

R/W

0x0

Capture/compare 1 complementary output
polarity:

CC1 channel configured as output:

0: OC1N is the inverse OC1TREF.

1: OCTN is OC1REF.

CC1 channel configured as input:

In conjunction with CC1P, select the polarity of
IC2:
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Bit Name | Attribute | Reset Value | Description

Capture/compare 1 complementary output
enable:

0: Disabled—OC1N is not active.

1: Enabled—OC1N signal is output.

2 CCINE | R/W 0x0

Capture/compare 1 output polarity:

CC1 channel configured as output:

0: OC1 is OC1REF.

1: OC1 is the inverse OCTREF.

CC1 channel configured as input:

In conjunction with CC1NP, {CC1NP,CC1P} bits
select the polarity of IC1:

00: Non-inverted: Capture is done on the rising
edge of IC1.

01: Inverted: Capture is done on the falling
edge of IC1.

10: Reserved

1 CC1P | R/W 0x0

11: Non-inverted mode: Capture is done on
both the rising edge and falling edge of IC1.
This configuration must not be used for

encoder mode.

Capture/compare 1 output enable:
CC1 channel configured as output:
0: OC1 not active

0 CC1E |R/W 0x0 1: OC1 active

CC1 channel configured as input:
0: Capture disabled

1: Capture enabled

As shown in the table below, MOE is the total output enable bit of the timer, OSSI is the
off_state selection bit in IDLE state (MOE = 0), and OSSR is the off_state selection bit in RUN

state (MOE =1).
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Table 18-6: State Correspondence between Control Register and Complementary Output

Channel

Control Register Output State

MOE | OSSI | OSSR | CCxE | CCxNE | OCx Output State OCxN Output State

Output disabled (not | Output disabled (not
0 0 0 driven by TIM) driven by TIM)
OCx=0,0Cx EN=0 OCxN=0,0CxN_EN=0

Output disabled (not | OCXREF + Polarity OCxN

0 0 1 driven by TIM) = OCxREF
OCx=0,0Cx EN=0 xor CCxNP, OCxN_EN =1
OCxREF + Polarity Output disabled (not

0 1 0 OCx = OCxREF xor driven by the timer)
CCxP, OCx_EN =1 OCxN =0,0CxN_EN =0

Complementary to OCREF
(not OCREF) + Polarity +
dead-time

OCxN_EN =1

OCREF + Polarity +
0 1 1 dead-time
OCx_EN =1

. Output disabled (not
Output disabled (not

) ] driven by the timer)
1 0 0 driven by the timer)
1 X OCxN = CCxNP, OCxN_EN
OCx=CCxP,OCx_ EN=0 0

Off-state (output

OCxREF + Polarity
enabled with inactive

OCxN = OCxREF xor

1 0 1 state)
CCxNP
OCx = CCxP
OCxN_EN =1
OCx_EN =1
OCxREF + Polarity Off-state (output enabled
] ] 0 OCx = OCxREF xor with inactive state)
CCxP OCxN = CCxNP, OCxN_EN
OCx_EN =1 =1
Complementary to OCREF
OCREF + Polarity + (not
1 1 1 dead-time OCREF) + Polarity +
OCx_EN =1 dead-time
OCxN_EN =1
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Control Register Output State
MOE | OSSI | OSSR | CCxE | CCxNE | OCx Output State OCxN Output State
Output disabled (not
Output disabled (not ]
) driven by TIM)
0 0 0 driven by TIM)
OCxN = CCxNP,
OCx=CCxP,OCx EN=0
OCxN_EN =0
0 1 Output disabled (not driven by TIM)
1 0 If no clock is provided: OCx = CCxP, OCx_EN =0,
OCxN = CCxNP, OCxN_EN =0
0 1 1 If the clock is provided: OCx = OISx, OCxN = OISxN
after a dead-time.
0 X
) Output disabled (not
Output disabled (not
) driven by TIM)
1 0 0 driven by TIM)
OCxN = CCxNP,
OCx=CCxP,OCx_ EN=0
OCxN_EN =0
Off-state (output enabled with inactive state)
If no clock is provided: OCx = CCxP, OCx_EN =1,
1 0 1 OCxN = CCxNP, OCxN_EN =1
If the clock is provided: OCx = OISx, OCxN = OISxN
after a dead-time.

18.7.10 Counter Register (TIM_CNT)

Offset address: 0x24

Reset value: 0x0000 0000

Bit

Name Attribute Reset Value Description

31:0

CNT R/W 0x0 Counter value

18.7.11 Prescaler Register (TIM_PSC)

Offset address: 0x28

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value Description
31:16 | RSV | - - Reserved
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Bit Name | Attribute | Reset Value Description
Counter clock (CK_CNT) prescaler value:
fex ont = fek psc / (PSC[15:0] + 1)
15:0 | PSC R/W 0x0 This is a preload register whose content are

transferred into the shadow register at each

update event.

18.7.12 Auto-reload Register (TIM_ARR)

Offset address: 0x2C

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
Auto-reload value in the case of counter overflow
This is a preload register whose content are

31:0 | ARR | R/W 0x0

transferred into the shadow register at each

update event.

18.7.13 Repetition Counter Register (TIM_RCR)

Offset address: 0x30

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
31:8 | RSV | - - Reserved
Repetition counter value: If REP is not 0, the
repetition counter counts down at each update
7.0 |REP |R/W 0x0
condition, and an update event is triggered once
REP = 0.

18.7.14 Capture/Compare Register 1 (TIM_CCR1)

Offset address: 0x34

Reset value: 0x0000 0000
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Bit

Name

Attribute

Reset Value

Description

31:0

CCR1

R/W

0x0

Capture/compare channel 1 register:

If channel CC1 is configured as output:

This is a preload register, the contents of which
are loaded into the shadow register and used for
comparison with the counter to generate the
OC1 output.

If channel CC1 is configured as input:

CCR1 stores the counter value at the time of the
most recent input capture event. In this case,
CCR1 is read-only.

18.7.15 Capture/Compare Register 2 (TIM_CCR2)

Offset address: 0x38

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCR2

R/W

0x0

Capture/compare channel 2 register:

If channel CC2 is configured as output:

This is a preload register, the contents of which
are loaded into the shadow register and used
for comparison with the counter to generate
the OC2 output.

If channel CC2 is configured as input:

CCR2 stores the counter value at the time of

the most recent input capture event. In this

case, CCR2 is read-only.

18.7.16 Capture/Compare Register 3 (TIM_CCR3)

Offset address: 0x3C

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
Capture/compare channel 3 register:
If channel CC3 is configured as output:
31:0 | CCR3 | R/'W 0x0 o ] _
This is a preload register, the contents of which
are loaded into the shadow register and used for
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Bit

Name

Attribute

Reset Value

Description

comparison with the counter to generate the
OC3 output.

If channel CC3 is configured as input:

CCR3 stores the counter value at the time of the
most recent input capture event. In this case,
CCR3 is read-only.

18.7.17 Capture/Compare Register 4 (TIM_CCR4)

Offset address: 0x40

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCR4

R/W

0x0

Capture/compare channel 4 register:

If channel CC4 is configured as output:

This is a preload register, the contents of which
are loaded into the shadow register and used
for comparison with the counter to generate
the OC4 output.

If channel CC4 is configured as input:

CCRA4 stores the counter value at the time of

the most recent input capture event. In this

case, CCR4 is read-only.

18.7.18 Break and Dead-time Register (TIM_BDTR)

Offset address: Ox44

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15

MOE

R/W

0x0

Main output enable:

This register controls the output enable of all
channels, and the independent channel is enabled
if the respective enable bits (i.e. CCxE and CCxNE)
are set. MOE is set by software or automatically
set by hardware if AOE = 1. It is cleared

asynchronously by hardware as soon as the break
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Bit Name | Attribute | Reset Value | Description
input is active.
0: OC and OCN outputs disabled (with specific 10
state determined by OSSI)
1: OC and OCN outputs enabled (determined by
the states of respective CCxE and CCxNE bits)
Automatic output enable:
0: MOE can be set only by software.

14 AOE | R/W 0x0
1: MOE can be set by software or automatically
set at the next update event.
Break polarity:

13 BKP | R/'W 0x0 0: Break input active low
1: Break input active high
Break enable:

12 BKE | R/'W 0x0 0: Break input disabled
1: Break input enabled
Output disabled state (of channel at CCx(N)E = 0)
in run mode (MOE =1):
This is only effective for channels with
complementary output enabled when MOE = 1.
0: When the output channel is disabled, OC and
OCN do not drive 10, and OCxN always drives |0.

11 OSSR | R/W 0x0
1: When the output channel is disabled, OC and
OCN drive GPIO to be “inactive” (referring to OIS
in CR2).
*(If cfg_timx_break_ossiO_disout = 1 / TIMCFGR[0]
/ [1]1 =0, it will have no effect and will directly
cause OC4 not to drive.)”
Output disabled state (of channel at CCx(N)E = 0)
in idle mode (MOE = 0):
This is only effective for output channels when
MOE-=0.

10 oss | Rew Ox0 0: When the output channel is disabled, OC and
OCN do not drive GPIO.
® |[f cfg_timx_break_ossiO_disout =0/

TIMCFGRI[0] / [1][12] = 1, it will keep driving.
® OCxN always drives |10.
1: When the output channel is disabled, OC and
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Bit

Name

Attribute

Reset Value

Description

OCN are forced with idle level first, and then with
“inactive level” (referring to OIS in CR2) after a
dead-time.

*(When MOE=0, OCx(N) = (ICCx(N)P) &&OISx(N),
OC4 = 0IS4)

9:8

LOCK

R/W

0x0

Register write protection configuration:

00: No write protection

01: Protection level 1T— DTG, OISx, OISxN, BKE,
BKP and AOE cannot be rewritten.

10: Protection level 2— In addition to level 1,
CCxP, CCxNP, OSSR and OSSI cannot be rewritten.
11: Protection level 3— In addition to level 2,
OCxM and OCxPE cannot be rewritten when the
corresponding channel is configured as output.
Note: The LOCK register cannot be rewritten after
being written with any value, and the write-
protected register can only be rewritten after the

TIM module is reset.

7:0

DTG

R/W

0x0

This bit-filed defines the duration of the dead-
time inserted between the complementary
outputs. DT corresponds to this duration.
DTG[7:5] = Oxx: DT = DTG[7:0] * tors

DTG[7:5] = 10x: DT = (64 + DTG[5:0]) * 2 * tors
DTG[7:5] = 110: DT= (32 + DTG[4:0]) * 8 * tors
DTG[7:5] =111: DT= (32 + DTG[4:0]) * 16 * tors

18.7.19 DMA Control Register (TIM_DCR)

Offset address: 0x48

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:113 | RSV | - - Reserved
DMA burst length:
A read or write access to the TIM_DMAR

12:8 | DBL | R/W 0x0 ) o )
register will trigger DMA transfer with a burst
length of 1-18.
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Bit Name | Attribute | Reset Value | Description
00000: Burst length =1
00001: Burst length = 2

10001: Burst length = 18

Others: Invalid value, write prohibited
7:5 RSV |- - Reserved

DMA base address, defined as the offset
address directed to the register:

00000: TIM_CR1

00001: TIM_CR2

00010: TIM_SMCR

4:0 DBA | R/W 0x0

Note: When DBA + DBL exceeds the TIM
register address range, the actual burst transfer
stops automatically when it reaches the highest

TIM register address, i.e., the burst length is

shortened.

18.7.20 DMA Access Register (TIM_DMAR)

Offset address: 0x4C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

DMA register for burst access

When using DMA burst transfer, set the DMA
channel peripheral address to TIM_DMAR.
31:0 | DMAR | R/W 0x0 Accesses to this register will point to the
register specified in TIM_DCR, and TIM will
generate multiple DMA requests based on the
DBL value.
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18.8 Operation Procedure

18.8.1 Counting Mode

10.

11.

Enable the TIMx clock in RCM module.

Configure TIM_CR1[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.

Set TIM_RCR[7:0] to O to disable the repetition counting.

Set TIM_CR1[2] to 1 so that an update interrupt or DMA request will be generated only at
counter overflow or underflow.

Set TIM_CR1[1] to 0 to enable the update event.

Set TIM_EGRI[0] to 1 so that when the software sets UG, the counter will be reinitialized,
the shadow register will be updated, and the prescaler counter will be cleared.

Set TIM_CR1[0] to 1 to enable the counter.

Set TIM_DIER[O] to 1 to enable the update event interrupt.

18.8.2 PWM Mode

Configure the GPIO alternate function to enable the TIMx clock in RCM module.

Configure TIM_CR1[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.

Set TIM_RCR[7:0] to O to disable the repetition counting.

According to the output channel, set TIM_CCMRx[1:0/9:8] to 0 to configure channel x as

output.
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10.

11.

12.

13.

14.

15.

16.

17.

Configure the OCxM[6:4/14:12] bits in TIM_CCMRXx register to select PWM mode 1/2.
Configure TIM_CCER[1/3/5/7/9/11/13] to set the output polarity.

Set TIM_CCER[0/4/8/12] to 1 to enable channel x output.

Configure the main output enable bit TIM_BDTR[15] to 1 to enable OC and OCN outputs.
Set TIM_CR1[2] to 1 so that an update interrupt or DMA request will be generated only at
counter overflow or underflow.

Set TIM_CR1[1] to 0 to enable the update event.

Set TIM_EGR[0] to 1 so that when the software sets TIM_EGR[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be
cleared.

Set TIM_CR1[0] to 1 to enable the counter.

Set TIM_DIER[O] to 1 to enable the update event interrupt.

Configure TIM_CCRx[31:0] to set the compare value of channel x.

18.8.3 Input Capture Mode

Configure the GPIO alternate function to enable the TIMx clock in RCM module.

Configure TIM_CR1[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.

Set TIM_RCR[7:0] to O to disable the repetition counting.

Configure TIM_CCMRXx[1:0/9:8] to set channel CCx as input, and perform mapping as
required.

Configure TIM_CCER[1/3/5/7/9/11/13] to set the capture polarity.

Configure TIM_CCMRx[7:4/15:12] to set the sampling frequency and filter length,

generally set to 0.
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10. Configure TIM_CCMRx[3:2/11:10] to set the prescaler value of input capture.

11. Set TIM_CCER[0/4/8/12] to 1 to enable the capture function.

12. Set TIM_EGR[O0] to 1 so that when the software sets TIM_EGR[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be
cleared.

13. Set TIM_CR1[0] to 1 to enable the counter.

14. Set TIM_DIER[1/2/3/4] to 1 to enable the capture interrupt of channel x.

18.8.4 Complementary Output and Dead-time Insertion

Take 168 MHz as an example to calculate the cycle time: tors = 5.95 ns

® DT=(0-127) * 5.95 =0-755.65 ns, DTG[7:5] = Oxx: DT = DTG[7:0] * tors

® DT=(64+(0-63)*2*595=761.6-1511.3 ns, DTG[7:5] = 10x: DT = (64 + DTG[5:0]) * 2 *
tors

® DT=(32+(0-31)) *8*5.95=1523.2-2998.8 ns, DTG[7:5] = 110: DT = (32 + DTG[4:0]) * 8
* tors

® DT=(32+(0-31)) *16 *5.95 = 3046.4-5997.6 ns, DTG[7:5] = 111: DT = (32 + DTG[4:0]) *
16 * tors

Before initializing the PWM mode, add the following configurations:

1. Configure TIM_BDTR[7:0] to set the duration of the dead-time inserted between the
complementary outputs.

2. Set TIM_CCER[2/6/10] to 1 to enable the complementary output.

18.8.5 Break Function

Before initializing the PWM mode, add the following configurations:

1. Configure TIM_BDTR[11] to set the off-state for run mode.
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Configure TIM_BDTR[10] to set the off-state for idle mode.

Configure TIM_BDTR[13] to set the break signal polarity.

Configure TIM_CCER[1/5/9/13] to set the output polarity of OCx.
Configure TIM_CCER[3/7/11] to set the output polarity of OCxN.
Configure TIM_CR2[8/10/12/14] to set the OCx output state in idle mode.
Configure TIM_CR2[9/11/13] to set the OCxN output state in idle mode.
Configure TIM_BDTR[14] to set the setting mode of TIM_BDTR[15].

Set TIM_BDTR[12] to 1 to enable the break input.

18.8.6 Encoder Interface Mode

10.

11.

12.

13.

14.

Configure the GPIO alternate function to enable the TIMx clock in RCM module.

Configure TIM_CR1[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.

Set TIM_RCR[7:0] to O to disable the repetition counting.

Set TIM_CCMR1[1:0] to 1 to configure channel CC1 as input with IC1 mapped on TI1.

Set TIM_CCMR1[9:8] to 1 to configure channel CC2 as input with IC2 mapped on TI2.
Configure TIM_CCER[1] and TIM_CCER[3] to set the capture polarity.

Configure TIM_CCER[1] and TIM_CCER[7] to set the capture polarity.

Configure TIM_CCMR1[7:4] to set the sampling frequency and filter length, generally set
to 0.

Configure TIM_CCMR1[15:12] to set the sampling frequency and filter length, generally
setto 0.

Configure TIM_SMCR[2:0] to set encoder mode 1/2/3.

Set ATIM_CCER[0] to 1 to enable the capture function of channel 1.
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15

16.

17.

18.

. Set ATIM_CCER[4] to 1 to enable the capture function of channel 2.

Set TIM_EGRI[0] to 1 so that when the software sets TIM_EGRI[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be
cleared.

Set TIM_CR1[0] to 1 to enable the counter.

Set TIM_DIER[1] to 1 to enable capture interrupt of channel 1.

18.8.7 DMA Mode

In input capture mode, the channel capture value of TIMx is transferred to SRAM via

DMA:

1. In input capture mode, before setting TIM_EGR[0] bit by software and enabling the
counter, add the following configurations:

2. Configure TIM_DCR[12:8] to set the DMA burst length.

3. Configure TIM_DCR[4:0] to set the DMA base address. Generally, the base address
here selects the capture/compare register corresponding to the capture channel.

4. Set TIM_DIER[9/10/11/12] to 1 to enable the CCx DMA request.

5. Set TIM_CR2[3] to 0 to enable the CCxDMA request generation at CCx event.

6. For details on DMA controller configuration, please refer to chapter “11 DMA
Controller”.

7. After initiating DMA transfer, when a capture event occurs on the channel, DMA will
transfer the value stored in base address to SRAM.

In output compare mode, the value in SRAM is transferred via DMA to the compare

register of TIMx.

1. In PWM mode, before setting TIM_EGR[O0] bit by software and enabling the counter,

add the following configurations:
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2. Configure TIM_DCR[12:8] to set the DMA burst length.

3. Configure TIM_DCR[4:0] to set the DMA base address. Generally, the base address
here selects the capture/compare register corresponding to the compare channel.

4. Set TIM_DIER[9/10/11/12] to 1 to enable the CCx DMA request.

5. Set TIM_CR2[3] to 0 to enable the CCxDMA request generation at CCx event.

6. For details on DMA controller configuration, please refer to chapter “11 DMA
Controller”.

7. After the DMA transfer is started, when the counter value matches the compare value,

DMA will transfer the value in SRAM to the base address.
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19 General-purpose Timers (TIM1-TIM4
& TIM8-TIM13)

19.1 Overview

The general-purpose timer consists of a 32-bit auto-reload counter driven by a
programmable prescaler. It may be used for a variety of purposes, including input capture,

output compare and PWM.

19.2 Main Features

® 32-bit up, down, up/down auto-reload counter

® 16-bit programmable prescaler allowing real-time adjustment of the counter clock
division

® 4 independent channels for input capture, output compare, PWM generation, and one-
pulse output

® Support cascading with other timers

® Interrupt or DMA event can be generated in the following cases:
> Counter overflow/underflow, counter initialization (triggered by software or hardware)
> Trigger event (counter start, stop, initialization, or count by internal/external trigger)
> Input capture
»  Output compare

® Support incremental quadrature encoder and Hall sensor

® Trigger input for external clock
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19.3 System Block Diagram
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Figure 19-1: System Block Diagram of TIM1-TIM4 & TIM8-TIM13

19.4 Pin Description
Table 19-1: Pin Descriptions on TIM1-TIM4 & TIM8-TIM13
Function Pin Alternate Direction Functional Description
Function Pin
Used as an external trigger input for
TIM1_CH1_ETR PAO, PA5, Input/output TIM1_ETR or as channel 1 input capture or
PA15 PWM output for TIM1_CH1 TIM1_ETR and
TIM1_CH1 cannot be used simultaneously.
TIM1_CH2 PA1, PB3 Input/output | Channel input capture / PWM output signal
TIM1_CH3 PA2, PB10 Input/output | Channel input capture / PWM output signal
TIM1_CH4 PA3, PB11 Input/output | Channel input capture / PWM output signal
TIM2_ETR PD2 Input External trigger input
TIM2_CH1 PA6, PB4, PCé | Input/output | Channel input capture / PWM output signal
TIM2_CH2 PA7, PB5, PC7 | Input/output | Channel input capture / PWM output signal
TIM2_CH3 PBO, PC8 Input/output | Channel input capture / PWM output signal
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Function Pin Alternate Direction Functional Description
Function Pin

TIM2_CH4 PB1, PC9 Input/output | Channel input capture / PWM output signal
TIM3_ETR PEO Input External trigger input

TIM3_CH1 PB6, PD12 Input/output | Channel input capture / PWM output signal
TIM3_CH2 PB7,PD13 Input/output | Channel input capture / PWM output signal
TIM3_CH3 PB8, PD14 Input/output | Channel input capture / PWM output signal
TIM3_CH4 PB9, PD15 Input/output | Channel input capture / PWM output signal
TIM4_CH1 PAO, PCO Input/output | Channel input capture / PWM output signal
TIM4_CH2 PA1, PC1 Input/output | Channel input capture / PWM output signal
TIM4_CH3 PA2, PC2 Input/output | Channel input capture / PWM output signal
TIM4_CH4 PA3, PC3 Input/output | Channel input capture / PWM output signal
TIM8_CH1 PA2, PE5 Input/output | Channel input capture / PWM output signal
TIM8_CH2 PA3, PE6 Input/output | Channel input capture / PWM output signal
TIM8_CH3 PE3 Input/output | Channel input capture / PWM output signal
TIM8_CH4 PE4 Input/output | Channel input capture / PWM output signal
TIM9_CH1 PB8, PC4 Input/output | Channel input capture / PWM output signal
TIM9_CH2 PA15, PC5 Input/output | Channel input capture / PWM output signal
TIM9_CH3 PB2, PC11 Input/output | Channel input capture / PWM output signal
TIM9_CH4 PC10 Input/output | Channel input capture / PWM output signal
TIM10_CH1 PB9, PD5 Input/output | Channel input capture / PWM output signal
TIM10_CH2 PD2 Input/output | Channel input capture / PWM output signal
TIM10_CH3 PD3, PD6 Input/output | Channel input capture / PWM output signal
TIM10_CH4 PD4 Input/output | Channel input capture / PWM output signal
TIM11_CH1 PB14 Input/output | Channel input capture / PWM output signal
TIM11_CH2 PB15 Input/output | Channel input capture / PWM output signal
TIM11_CH3 PB12 Input/output | Channel input capture / PWM output signal
TIM11_CH4 PB13 Input/output | Channel input capture / PWM output signal
TIM12_CH1 PA6, PD7, PB2 | Input/output | Channel input capture / PWM output signal
TIM12_CH2 PA5, PD8, PB3 | Input/output | Channel input capture / PWM output signal
TIM12_CH3 PBO, PD9 Input/output | Channel input capture / PWM output signal
TIM12_CH4 PB1, PD10 Input/output | Channel input capture / PWM output signal
TIM13_CH1 PA7, PE12 Input/output | Channel input capture / PWM output signal
TIM13_CH2 PE7 Input/output | Channel input capture / PWM output signal
TIM13_CH3 PE8 Input/output | Channel input capture / PWM output signal
TIM13_CH4 PE10 Input/output | Channel input capture / PWM output signal
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19.5 Functional Description

19.5.1 Time-base Unit

The main block of the time-base unit is a 32-bit counter with its related auto-reload register.
The counter can count up, down, or both up and down. The counter clock can be divided by a

16-bit prescaler.

The counter, the auto-reload register and the prescaler register can be rewritten or read by

software, which is true even when the counter is running.
The time-base unit includes:

® Counter register (TIM_CNT)

® Prescaler register (TIM_PSC)

® Auto-reload register (TIM_ARR)

The auto-reload register is preloaded, which is controlled by the auto-reload preload enable
(ARPE) bit in the register. When ARPE = 0, write to the ARR register, and the written data is
directly transferred to the shadow register. When ARPE = 1, the data written to the ARR
register is transferred to the shadow register when an update event (TIM_CNT overflow or
underflow) occurs. The update event of ARR can also be actively triggered by software via

register operation.

The counter TIM_CNT is clocked by the prescaler output TIM_PSC, which is enabled only when
the counter enable bit (CEN) in the register is set. When CNT = ARR, this round of counting is

over and the update event is sent.

TIM_PSC is a synchronous prescaler that can divide the counter clock frequency by any factor
between 1 and 65536. The PSC register is also buffered, and overwriting PSC does not actually

overwrite the shadow register unless a new update event occurs. Thus the PSC register can be
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changed in real time on the fly, and the new prescaler ratio is taken into account at the next

update event.
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Figure 19-2: Counter Timing Diagram with Prescaler Division Changing from 1 to 2
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Figure 19-3: Counter Timing Diagram with Prescaler Division Changing from 1 to 4
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19.5.2 Counter Operation Mode

The counter supports up-counting mode, down-counting mode and center-aligned mode.

19.5.2.1 Up-counting Mode

In up-counting mode, the counter counts from 0 to the auto-reload value, i.e. CNT = ARR,

generating an overflow event, and then restarts counting from 0.

If the repetition counter is enabled, the counter repeats the above process a number of times

(RCR + 1) as defined in RCR before generating an underflow event.

The software can directly trigger an update event by setting the UG bit in the register, at
which time the CNT and the prescaler registers are automatically cleared. Whether setting the
UG register triggers UIF (update interrupt flag) is determined by the setting of the URS

register.

The update event can be disabled by setting the UDIS bit in the register to avoid updating the

shadow register while writing new values in the preload registers.
When an update event occurs, the following registers are updated and the UIF bit is set:
® The auto-reload shadow register ARR is reloaded with the content of TIM_ARR register.

® The prescaler shadow register PSC is reloaded with the content of TIM_PSC register.
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Figure 19-4: Up-counting Waveform Diagram, Internal Clock not Divided
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Figure 19-5: Up-counting Waveform Diagram, Internal Clock Divided by 2
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19.5.2.2 Down-counting Mode

In down-counting mode, the counter counts from the auto-reload value down to O,

generating an underflow event, and then restarts counting from the auto-reload value.

If the repetition counter is enabled, the counter repeats the above process a number of times

(RCR + 1) as defined in RCR before generating an underflow event.

The software can directly trigger an update event by setting the UG bit in the register, at
which time the CNT and the prescaler registers are automatically cleared. Whether setting the
UG register triggers UIF (update interrupt flag) is determined by the setting of the URS

register.

The update event can be disabled by setting the UDIS bit in the register to avoid updating the

shadow register while writing new values in the preload registers.
When an update event occurs, the following registers are updated and the UIF bit is set:
® The auto-reload shadow register ARR is reloaded with the content of TIM_ARR register.

® The prescaler shadow register PSC is reloaded with the content of TIM_PSC register.
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Figure 19-8: Down-counting Waveform Diagram, Internal Clock not Divided
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Figure 19-9: Down-counting Waveform Diagram, Internal Clock Divided by 2
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Figure 19-10: Down-counting Waveform Diagram, Internal Clock Divided by 2
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Figure 19-11: Down-counting Waveform Diagram, Update Event when Repetition Counter is

not Used

19.5.2.3 Center-aligned Counting Mode

In center-aligned mode, the counter counts from 0 to the auto-reload value - 1 and generates
a counter overflow event, then counts from the auto-reload value down to 1 and generates a

counter underflow event, and then restarts counting from 0.

The CMS[1:0] bits in the register are used for enabling the center-aligned mode and selecting
the output compare mode herein. The center-aligned mode is active when CMS! = 00. The
output compare interrupt flag of channels configured in output is set when: the counter
counts down (CMS = 01), the counter counts up (CMS = 10), the counter counts up and down

(CMS =11).

In this mode, the DIR direction bit in the register cannot be written by software. It is updated

by hardware and gives the current direction of the counter.

The counter updates the shadow registers of ARR and PSC at each counter overflow and

underflow.
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Figure 19-14: Counter Timing Diagram, Update Event with ARPE = 1 (Counter Overflow)

19.5.3 Preload Register

® The following functional registers support the preload function:

» Auto-reload register TIM_ARR
> Prescaler register TIM_PSC (preload function cannot be disabled)
» Channel control register TIM_CCR
» CCxE and CCxNE control register
» OCxM control register
The preload function can be enabled or disabled by software for all of the above registers

except TIM_PSC.
® Registers with preload function contain two sets of physical entities:

» Shadow register: the register being used by the actual timer
» Preload register: the register accessible to software
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® When the preload function is disabled, the register with preload function has the

following characteristics:

» The preload register can be accessed and overwritten by software in real time.
» The shadow register is updated synchronously with the preload register.

® |[f the preload function is enabled, then:

»  All software operations access the preload register.
» At the occurrence of update event, the content of all preload registers will be

synchronously transferred to the corresponding shadow registers.

19.5.4 Counter Clock

The counter clock can be provided by the following clock sources:
® Internal clock: Timerx_clk

® External clock mode 1: External input pin Tlx

® External clock mode 2: External trigger input ETR

® Internal trigger inputs (ITRx): using the trigger output (TRGO) of one timer as the counter

clock

19.5.4.1 Internal Clock Source

If the slave mode controller is disabled (SMS = 000), then the CEN, DIR and UG bits are

controlled by software.

After the UG bit is set and the update signal is synchronized by CLK_PSC, the counter value is

reinitialized.
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Figure 19-15: Timing Diagram in Internal Clock Source Mode, Clock Divided by 1

19.5.4.2 External Clock Source Mode 1
In this mode, the external pin input signal is directly used as the counter clock when SMS =

111, and the counter can count at either rising or falling edge on a selected input.

T~

TI1 or TI2 | Encoder mode
CK_INT | Internal clock
TRx | oxx — mode
TI1FP2
— TI1_ED
— CLK_PCS
—
T2 Rising \ \ THFPT 101 TRGL_{ External clock
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. ) TRC ETRE |44
TIM_CH2
__ETRF _|External clock
de 2
[1c2F13:01 ] [ccap] [ccas] mese
TIM_CCMR1 TIM_CCER TIM_CCMR1

TIM_SMCR

[ ECE || sMs[2:0]]
TIM_SMCR

Figure 19-16: Example of External Clock Connection
The external input signal will be synchronized with the internal clock before triggering the

counter counting, and the TIF flag will be set by the valid edge on the input.
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v [TULTUUUTUUUTUTUUUULTUUL

TI2

CEN=CNTEN ___| S

~Delay of resynchronization

CK_CNT=CK_PSC

CNT 00 X 01 X 02

/—

Clear TIF by SW

TIF

Figure 19-17: Timing Diagram in External Clock Source Mode 1
When counting with an external clock, the internal clock (timerx_clk) shall still be enabled so
that TIM can use timerx_clk to synchronize and filter the external input clock. In external clock
mode 1, the external input clock is first subject to filtering and edge selection to obtain a valid

counting edge, which is input to the prescaler module as the valid operating clock (CLK_PSC).

The external clock synchronization adopts a simple two-stage flip-flop structure, so in order
to avoid metastability, the external input clock width is required to be at least 2 timerx_clk

cycles.

In this mode, only the inputs of channels 1 and 2 can be used as clock inputs, and the required

configuration is as follows:

1. In GPIO module, configure the corresponding pin as TIM_CH2.

2. Disable the channel by setting TIM_CCER[4] = 0 to ensure the success of subsequent
channel configuration.

3. Select the input channel by setting TIM_CCMR1[9:8] = 01, with IC2 mapped on TI2.

4. Select the active counting edge to be rising or falling edge by setting TIM_CCER[5] = 0.

5. Configure the input filter duration by writing the IC2F[3:0] bits in the TIM_CCMR1 register

(if no filter is required, keep IC2F = 0000).
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6. Enable the external clock source mode 1 by setting TIM_SMCR[2:0] = 111.

7. Select TI2 as the trigger input source by setting TIM_SMCR[6:4] = 110.

8. Enable the channel by setting TIM_CCER[4] = 1.

9. Enable the counter by setting TIM_CR1[0] = 1.

The following diagram shows an example of typical external clock source mode 1:

weese MM
I I N I I O R O R

kenmrse e T [
cen |
CNT 00 X o X 02 X 03 X 04
L i T
Clear TIF by SW

Figure 19-18: Timing Diagram in External Clock Source Mode 1

19.5.4.3 External Clock Source Mode 2
In this mode, the counter counts at either rising edge or falling edge (double-edge not

supported) on the external trigger input TIM_ETR.

T~

TI1 or TI2 | Encoder mode

CK_INT | Internal clock
mode

CLK_PCS
ETR TRGI =

———= 1 External clock
i ETRP
D—@_ Divider Filter mode

ETRF __|External clock

| ETP | | ETPS[1:0] | | ETF[3:0] | mode 2

TIM_SMCR

TIM_SMCR TIM_SMCR

[ EcE |[sMs[2:01]
TIM_SMCR

Figure 19-19: External Trigger Input Block Diagram
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The following diagram shows the counter counting each 2 rising edges on ETR. The delay
between the rising edge of ETR and the actual clock of the counter is due to the

resynchronization of the internal clock.

APBCLK Mﬂﬂlm
ETR -
CEN=CNT_EN ] :'\\ Delay of resynchronization
ETRP Y
ETRF
CK_CNT=CK_PSC _—l
CNT 00 X of
TIF

\Clear TIF by SW

Figure 19-20: Timing 1 Diagram in External Clock Source Mode 2
The main difference from external clock source mode 1 is that the ETR input is directly divided
and then filtered to generate CK_PSC clock, which means that the application scenarios where
the ETR input frequency is higher than timerx_clk can be supported, in which case the ETR

input shall be pre-divided first before it is used to drive the counter.
The configuration required for this mode is as follows:

1. In GPIO module, configure the corresponding pin as TIM_ETR.

2. Select the ETP edge by setting TIM_SMCR[15] = 0.

3. Set the ETR division ratio by setting TIM_SMCR.ETPS[1:0] = 01.

4. Configure the input filter duration by setting TIM_SMCR.ETF[3:0] = 0000.

5. Set the ECE register and enable the external clock source mode 2 by setting
TIM_SMCR[14] = 1 and TIM_SMCR[2:0] = 000.

6. Enable the counter by setting TIM_CR1[0] = 1.
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The following diagram shows an example of typical external clock source mode 2:

s JINUIUUUUUUUUUUUUUUIUUUUUUUULLY
o JUULUUUUUUUUUU UL

e [ [ L[ L LI L
w_ I L LI I LI L

CK_CNT=CK_PSC Delay of resynchronization |—| |—| |—|
CEN |

CNT 00 01 X 02 X 03 X 04

Iy

Clear TIF by SW

Figure 19-21: Timing 2 Diagram in External Clock Source Mode 2
In external clock source mode 2, TIM can still be configured as slave mode: For example, ETR
input is used for counting while TRGO of another timer is used as the trigger signal, and the

reset counter restarts counting at the arrival of trigger event.

19.5.5 Internal Trigger Signal (ITRx)

TIM supports four internal trigger inputs, which can be used for counting trigger or internal
signal capture. For internal signal capture, it is required to configure TS to 000-011 for

selecting ITRO-ITR3, and configure CCxS to 11 for selecting TRC as the capture signal.

Each ITR input supports 4 internal signal extensions configured by the ITRXSEL register.

19.5.6 Capture/Compare Channels

TIM consists of 4 capture/compare channels, each of which is built around a capture/compare
register CCR (including a shadow register), an input stage for capture and an output stage for

compare.
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The input stage samples the corresponding TIx input to generate a filtered signal TIxF. Then,
an edge detection with polarity selection generates a signal (TIxFPx), which can be used as

trigger input for counting or as the capture command and is prescaled before being captured.

TINF_ED
= > to the slave mode
_> controller
TIM_CCER
CC1P
IT1 TIMF_Rising
D— Filter Edge detector TIF Falling ) 212?;11 Divider c1ps
TIM_CH1 M, 12,148 [
IC1F[3:0] TI2F_Rising
: TI2F_Falling
TIM_CCMR1 (from channel 2) cc1s ICPS[1:0]

TIM_CCMR1 TIM_CCMR1

TIM_CCER

Figure 19-22: Capture/Compare Channel (Channel 1 Input Stage)
The output stage generates an output reference signal OCxREF, which is fixed to be active
high and acts as the reference input to the final output circuit. Wherein, channels 1-3 support
complementary output and dead-time insertion, while channel 4 is relatively simple and does

not support complementary output.

| APB bus |

16 bits

| Capture/compare preload register |

Z Write CCR1
i Output
Read ('@ 16 bits compare_transfer ( o—l CC1S[1]
capture_transfer F bits | mode :I et
| Capture/compare shadow register | OCELPE
Capture \
CNT>CCR1
Counter | > CNT=CCR1
—————>
TIM_EGR | /

Figure 19-23: Capture/Compare Channel 1 Main Circuit
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TIM_CCER

CC1P
> To the master mode
controller

ETRF 0 0 Output oc1
X0 enable —l I
| & ! circuit
17 L/ TIM_CH1
—CNT>CCRT_| Output mode | OCIREF Dead-time [2C10T
CNT=CCR1 controller generator | OCIN_DT
N Output
0 ble 2SN ]
1 ena
— ! circuit
DTG[7:0] o Ko TIM_CHIN
OC1M[2:0] TIM_BDTR a
CC1INP
TIM_CCMR1 CC1E CC1E | CCINE | TIM_CCER
CCINE ~ | MOE | ossi | OSSR | rim_eoR

TIM_CCER | 0OIs1 | OIS1IN I TIM_CR2

Figure 19-24: Output Stage of Capture/Compare Channel (Channels 1-3)

TIM_CCER
CC4P
ETRF
l Output
0 0C4
_CNT>CCR4 | Qutput mode | OC4REF | E 1 enable
__CNT=CCR4 | controller circuit TIM_CH4
OC4CE To the master mode CC1E TIM_CCER
controller

0OC4M[2:0] MOE | OSSI | TIM_BDTR

TIM_CCMR2 Ols4 TIM_CR2

Figure 19-25: Output Stage of Capture/Compare Channel (Channel 4)
The capture/compare block is made of one preload register and one shadow register. Write
and read always access the preload register, In capture mode, the capture value is saved in
the shadow register and copied into the preload register. In compare mode, the content of the

preload register is copied into the shadow register for comparison with the counter.

19.5.7 Input Capture Mode

When the expected level transition is detected by the ICx signal, a capture is triggered, and
the current counter value is latched into CCR. At the same time, the CCxIF interrupt flag is set
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and a corresponding interrupt or a DMA request can be triggered. If a capture occurs while
the CCxIF flag is already high, then the over-capture flag CCxOF is set (the last capture value
in CCR is overwritten). CCxIF can be cleared by software or automatically cleared by reading

the CCR register. CCxOF can be cleared by software writing it to 1.

The input capture of PWM signals can be realized through the cooperation of two or more
channels. For example, to calculate the period and duty cycle of an input signal, input the
signal from TI1 pin, and take the rising edge and falling edge of the filtered signal inside the
chip to obtain TITFP1 and TI1FP2 respectively. Input TITFP1 into capture channel 1 and TITFP2
into channel 2 to realize captures of input signals at rising edge by channel 1 and at falling
edge by channel 2. After the capture interrupt occurs periodically, the software can calculate

the period and duty cycle of the input signal through the values of CCR1 and CCR2 registers.

To capture the counter value to the TIM_CCR1 register on the rising edge of the TI1 input, the

configuration steps are as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01, with IC1 mapped on TI1.
4. Select the active counting edge to be rising edge or falling edge by setting TIM_CCER[1].
5. Configure the input filter duration by setting the IC1F[3:0] bits in the TIM_CCMR1 register.
6. Configure the input prescaler by setting the IC1PS[1:0] bits in the TIM_CCMR1 register.

7. Enable the channel by setting TIM_CCER[0] = 1.
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I I I I I
oNT_ Yo7 foofot foafesfosfoskosorgoofotozkostoskoskosk)
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TIM_CCR1 | 07 | | |
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Figure 19-26: PWM Input Capture Mode Timing Diagram

The following settings are required for PWM input capture:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 and TIM_CCER[4] = 0 to ensure the

success of subsequent channel configuration.

3. Select the input channel by setting TIM_CCMR1[1:0] = 01 and TIM_CCMR1[9:8] = 10, with

the two signals IC1 and IC2 mapped on the same TI1 input.

4. Select the active counting edge by setting TIM_CCER[1] = 0 and TIM_CCER[5] = 1, with

the two signals IC1 and IC2 active on edges with opposite polarities.

5. Configure the input filter duration by setting the IC1F[3:0] and IC2F[3:0] bits in the

TIM_CCMR1 register.

6. Configure the input prescaler by setting the IC1PS[1:0] and IC2PS[1:0] bits in the

TIM_CCMR1 register.
7. Select the trigger input source by setting TIM_SMCR[6:4][2:0] = 101.
8. Configure the slave mode controller to reset mode by setting TIM_SMCR.SMS[2:0] = 100.

9. Enable the channel by setting TIM_CCER[0] = 1 and TIM_CCER[4] = 1.
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19.5.8 Forced Output Mode

In output compare mode, the OCxREF signal can be forced to active or inactive level directly

by software, independently of any comparison between the CCR and the counter.

The OCxREF signal can be forced to be active (OCxREF is always active high) by writing OCxM
= 101, and forced to be inactive (low level) by writing OCxM = 100. Anyway, the comparison

between CCR and the counter is still performed.

19.5.9 Output Compare Mode

In output compare mode, when a match is found between the capture/compare register CCR
and the counter, the OCXREF can be set to be active, inactive or to toggle on match. At the
same time, the interrupt flag is also set and DMA requests can be sent (overwriting the

configuration register).

The output compare can also be used to output a pulse signal of a specific width (in one-pulse

mode).

Procedure:

1. Select the counter clock (internal, external, prescaler).

2. Write the desired data to the ARR and CCR registers.

3. Setthe interrupt enable bit and DMA enable bit as required.
4. Select the output mode.

5. Enable the counter.
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Write 31Bh in the CCR1 register

oNT 4a X 48 X 4 =D S

TIM_CCR1 4B X 318

OC1REF=0C1 \/\A /

Match detected on CCR1
Interrupt generated if enabled

Figure 19-27: Output Compare Mode, Toggle on OC1
The CCR register can be updated at any time by software to control the output waveform,
provided that the preload register is not enabled. Otherwise, the CCR shadow register is only

updated with the content of the preload register at the next update event.

19.5.10 PWM Output

PWM mode allows you to generate a pulse width modulation signal with a frequency
determined by the value of the ARR register and a duty cycle determined by the value of the

CCR register.

The polarity of the output signal is software programmable using the CCxP bit in the register.
In PWM mode, CNT and CCR registers are always compared. The timer is able to generate

PWM in edge-aligned mode or center-aligned mode.

19.5.10.1 PWM Edge-aligned Mode

In up-counting mode, when it is configured in PWM mode 1, the OCXREF signal is high as long
as CNT < CCR, otherwise it is low. And OCxREF will be held at 1 if CCR > ARR and held at 0 if

CCRis 0.
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Figure 19-28: Edge-aligned PWM Waveform (ARR = 7)

In down-counting mode, the definition of OCxREF level is the same as that in up-counting

mode.

19.5.10.2 PWM Center-aligned Mode

The definition of OCXREF level is the same as that in edge-aligned mode. The figure below is
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Figure 19-29: Center-aligned PWM Waveform (ARR = 7)
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When start counting in center-aligned mode, the initial counting direction is determined by
the DIR bit in the register, and in the subsequent process, the DIR bit is directly controlled by
hardware. The safest way to use center-aligned mode is to generate an update by setting the
UG bit in the register just before starting the counter and not to overwrite the counter while it

is running.

19.5.11 One-pulse Output Mode

One-pulse output mode is a particular case of the compare output mode, which allows the
counter to generate a pulse with a programmable length after a programmable delay

following the occurrence of an event.

Different from other output modes, the counter will stop automatically at the next update
event. A pulse can be correctly generated only if the compare value is different from the
counter initial value. In up-counting, it is required that CNT < CCR = ARR; in down-counting, it

is required that CNT > CCR.

TIM_ARR
TIM_CCR1

CNT

OCxREF

OC1

TI2

N o —>t—>

tdelay touse

Figure 19-30: Timing Diagram of One-pulse Mode
In the above figure, TI2 input is used as the counter trigger signal. When the count value
reaches CCR, the OCXxREF outputs a low level. Once the counter counts up to ARR, the
OCxREF signal returns to a high level, and the counter rolls back to 0, stopping the counting

process.
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® The configuration for realizing the above function of TI2 as an input trigger is as follows:

1. In GPIO module, configure the corresponding pin as TIM_CH2.

2. Disable the channel by setting TIM_CCER[4] = 0 to ensure the success of subsequent
channel configuration.

3. Select the input channel by setting TIM_CCMR1[9:8] = 01.

4. Select the active counting edge by setting TIM_CCER[5] = 0.

5. Select TI2FP2 as the trigger input source by setting TIM_SMCR.TS[2:0] = 110.

6. Set the slave mode controller to trigger mode by setting TIM_SMCR.SMS[2:0] = 110,
with TI2FP2 for activating the counter.

7. Enable the channel by setting TIM_CCER[4] = 1.

® The configuration for realizing the above function of OC1 as an output is as follows:

1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent
channel configuration.

3. Select the output channel by setting TIM_CCMR1[1:0] = 00.

4. Select the active counting edge by setting TIM_ CCMR1.0C1M =111, in PWM mode 2.

5. Enable the channel by setting TIM_CCER[0] = 1.

® Special settings for generating OPM waveform timing:

1. tgelay is determined by the value of TIM_CCR1.
2. touse is determined by the difference between TIM_ARR and TIM_CCR1 (TIM_ARR-
TIM_CCR1).

3. Configure to one-pulse mode by setting TIM_CR1.0PM = 1.
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19.5.12 Clearing OCxREF Signal on External Event

OCxREF is active at high level, and it can be pulled down directly until the next update event
by applying a high level to the external ETR pin. This function can only be used in output
compare and PWM modes, and does not work in forced mode. Enabling this function requires

setting OCxCE to 1.

ETRF

OCxREF
OCxCE=0

L

OCxREF
OCxCE=1

/ /

ETRF becomes high ETRF becomes low

Figure 19-31: ETR Signal Clearing OCxREF of TIM

19.5.13 Encoder Interface Mode

The encoder interface mode involves two external input signals. The TIM determines whether
to count up or down according to the edge of one signal relative to the level of the other

signal. The following table shows the relationship between the counting mode and the two

inputs:
Table 19-2: Counting Direction versus Encoder Signals

Level on Opposite Signal TI1 Signal TI2 Signal
Active Edge

(T11 for TI2, TI2 for TI1) Rising Falling Rising Falling
Counting on | High Down Up No count | No count
TI1 only Low Up Down No count | No count
Counting on | High No count No count | Up Down
TI2 only Low No count No count | Down Up
Counting on | High Down Up Up Down
TIT and TI2 Low Up Down Down Up
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For example, when the counter is counting on TI1, it will count down if TI2 is sampled as high

level on the rising edge of TI1, and count up if TI2 is sampled as high level on the falling edge

of TI1.
forward jitter backward jitter forward
T 1 LI 1 i
T2 1 [ I I
1]
—
TIM_CNT
CC1P=0
i -
_‘H up down
| L]
LI LT |
T
TIM_CNT HH
CC1P=1
down up down L
| [

Example of counter operation in encoder interface mode

Figure 19-32: Example of Counter Operation in Encoder Interface Mode

The input channels in encoder interface mode shall be set as follows:
1. In GPIO module, configure the corresponding pins with TIM_CH1 and TIM_CH2 functions.

2. Disable the channel by setting TIM_CCER[0] = 0 and TIM_CCER[4] = 0 to ensure the

success of subsequent channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01 and TIM_CCMR1[9:8] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0 and TIM_CCER[5] = 0.
5. Set the slave mode controller to encoder mode 3 by setting TIM_SMCR.SMS[2:0] = 011.

6. Enable the channel by setting TIM_CCER[0] = 1 and TIM_CCER[4] = 1.
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19.5.14 TIM slave mode:

When TIM is used as a slave (triggered by an external event), it can be configured to operate

in three modes: reset mode, gated mode, and trigger mode.

19.5.14.1 Reset Mode

In this mode, all the preload registers in TIM will be reinitialized in response to an event on a
trigger input, and the counter will restart from 0. The following figure shows that the counter
behaves normally until rising edge is detected on TI1 input, at which time the counter is

cleared and restarts from 0.
The configuration in the following figure example is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0.
5. Select TITFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.
6. Configure the slave mode controller to reset mode by setting TIM_SMCR.SMS[2:0] = 100.
7. Enable the channel by setting TIM_CCER[0] = 1.

8. Enable the counter by setting TIM_CR1[0] = 1.
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Figure 19-33: Timing Diagram in Reset Mode

19.5.14.2 Gated Mode

In this mode, the counter can be enabled depending on the level of a selected input. The

interrupt flag is triggered whenever a level shift causes the counter to start or stop counting.
The configuration in the following figure example is as follows:
1. In GPIO module, configure the corresponding pin as TIM_CH1.

2. Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.
3. Select the input channel by setting TIM_CCMR1[1:0] = 01.
4. Select the active counting edge by setting TIM_CCER[1] = 0.
5. Select TITFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.
6. Configure the slave mode controller to gated mode by setting TIM_SMCR.SMS[2:0] = 101.
7. Enable the channel by setting TIM_CCER[0] = 1.

8. Enable the counter by setting TIM_CR1[0] = 1.
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Figure 19-34: Timing Diagram in Gated Mode

19.5.14.3 Trigger Mode

The counter can start in response to an event on a selected input.

The configuration in the following figure example is as follows:

1.

In GPIO module, configure the corresponding pin as TIM_CH1.

Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.

Select the input channel by setting TIM_CCMR1[1:0] = 01.

Select the active counting edge by setting TIM_CCER[1] = 0.

Select TITFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.

Configure the slave mode controller to trigger mode by setting TIM_SMCR.SMS[2:0] = 110.

Enable the channel by setting TIM_CCER[0] = 1.

| I

CEN |

Timer clock = CK_CNT

CNT 04 ~ Yosfosfo7)os} 09fon)

TIF

Figure 19-35: Timing Diagram in Trigger Mode
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19.5.14.4 External Clock Mode 2 + Trigger Mode

In this mode, ETR can be set as the counting clock, while another external input is used as a

trigger signal to start the counter. For instance, the counter begins counting on the rising

edge of the ETR input after detecting the rising edge of TI1.

The configuration in the following figure example is as follows:

1.

10.

11.

In GPIO module, configure the corresponding pins as TIM_CH1 and TIM_ETR.

Select the ETP edge by setting TIM_SMCR[15] = 0.

Set the ETR division ratio by setting TIM_SMCR.ETPS[1:0] = 01.

Configure the input filter duration by setting TIM_SMCR ETF[3:0] = 0000.

Set the ECE register and enable the external clock mode 2 by setting TIM_SMCR[14] = 1.

Disable the channel by setting TIM_CCER[0] = 0 to ensure the success of subsequent

channel configuration.

Select the input channel by setting TIM_CCMR1[1:0] = 01.

Select the active counting edge by setting TIM_CCER[1] = 0.

Select TINFP1 as the trigger input source by setting TIM_SMCR.TS[2:0] = 101.

Configure the slave mode controller to trigger mode by setting TIM_SMCR.SMS[2:0] = 110.

Enable the channel by setting TIM_CCERI[0] = 1.

TI1 [

CEN

er [ L[ L[ LI L[ [_]
CK_CNT=CK_PSC |_| |_| |_| |_|_

CNT 00 X o1 X 02 X 03 X 04

TIF |

Figure 19-36: Timing Diagram in External Clock Mode 2 + Trigger Mode
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19.5.15 Timer Synchronization

Timers can be cascaded together through trigger events to achieve synchronization or
cascading operation. A timer can utilize four internal trigger inputs, allowing the trigger signal

output from one timer to connect to the internal trigger input of other timers.

19.5.16 DMA Access

TIM supports 7 types of DMA requests, namely 4 CC channel requests, external trigger request,

user software trigger request and COM trigger request.

Each CC channel generates a DMA request, which is used to transfer the content of CCRx to
RAM in capture mode, and to write the data in RAM to CCRx in compare mode. The DMA
request can be configured as single-transfer or burst-transfer (CCxBURSTEN), wherein the
former accesses only the CCRx register, while the latter accesses a specific set of registers

based on the DCR register configuration.

In addition, DMA requests can also be generated from external trigger event, software trigger
event and COM trigger event, and at the occurrence of these requests, DMA burst transfer will
be started to write data to one or more registers within TIM or to read one or more register

values from TIM.

Table 19-3: Seven DMA Requests Supported by TIM

DMA Single-transfer
CCxBURSTEN | DMA.CHxCTRL.DIR | DMA Access Object
Request Length
0 0 Read CCR1 :
1 Write CCR1
TIM_CH1
0 Read DMAR
1 DBL
1 Write DMAR
0 0 Read CCR2 :
1 Write CCR2
TIM_CH2
0 Read DMAR
1 DBL
1 Write DMAR
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DMA Single-transfer
CCxBURSTEN | DMA.CHxCTRL.DIR | DMA Access Object
Request Length
0 0 Read CCR3 :
1 Write CCR3
TIM_CH3
0 Read DMAR
1 DBL
1 Write DMAR
0 0 Read CCR4 :
1 Write CCR4
TIM_CH4
0 Read DMAR
1 DBL
1 Write DMAR
0 Read DMAR
TIM_TRIG | N/A DBL
1 Write DMAR
0 Read DMAR
TIM_UEV | N/A DBL
1 Write DMAR
0 Read DMAR
TIM_COM | N/A DBL
1 Write DMAR

19.5.17 DMA Burst

TIM supports DMA and DMA-burst access. A DMA request can be generated at a specific
event, so as to write the capture result in CCR to RAM or write the content of one or more

registers in RAM to the preload register in TIM.

DMA-burst allows to generate multiple successive DMA requests upon a single event. The
main purpose is to update the content of multiple registers in a row each time a given timer
event is triggered, thus making it possible to dynamically modify the output waveform in real

time.

The DMA controller destination is unique and must be directed to the virtual register
TIM_DMAR. On a given timer event, the timer launches a sequence of DMA requests (burst).
Each DMA write access to the TIM_DMAR register will be redirected to the actual function

register by TIM.
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The DBL bits in the register set the DMA burst length, and the DBA bits define the base

address for DMA access to TIM (an offset starting from the address of the TIM_CR register).

In DMA-burst mode, all DMA access shall be directed to the virtual register DMAR, and TIM
automatically accumulates the internal offset address according to the access. The DBA bits in
the register are used to specify the destination address of the first DMA transfer within TIM,

while the DBL bits are used to specify the burst length.

19.5.18 Input XOR Function

The XOR output of the input signals of channels 1-3 can be connected to the filter and edge

circuit input of channel 1 for input capture or trigger.

The TI1S bit in the TIM_CR2 register is used to select whether the input to channel 1 comes

from the XOR of the three channel inputs.

19.5.19 Debug Mode

When the CPU enters debug mode, the timer can either stop or continue working, and its

behavior is defined by registers in the chip system.

When the timer is stopped during debugging, its output will be disabled (MOE is cleared).
Depending on the register configuration, the output signal can be forced to be inactive or

controlled by the GPIO module.

19.6 Register Description

TIM1 register base address: 0x4600_A000
TIM2 register base address: 0x4600_A400
TIM3 register base address: 0x4600_A800

TIM4 register base address: 0x4600_AC00
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TIM8 register base address: 0x4700_9000
TIM®9 register base address: 0x4700_A000
TIM10 register base address: 0x4700_B000
TIM11 register base address: 0x4600_D000
TIM12 register base address: 0x4600_E000

TIM13 register base address: 0x4600_F000

The registers are listed below:

Table 19-4: General-purpose Timers (TIM1-TIM4 & TIM8-TIM13)

Offset Address Name Description

0x00 TIM_CR1 Control register 1

0x04 TIM_CR2 Control register 2

0x08 TIM_SMCR Slave mode control register

0x0C TIM_DIER DMA and interrupt enable register
0x10 TIM_SR Status register

0x14 TIM_EGR Event generation register

0x18 TIM_CCMR1 Capture/compare register 1

0x1C TIM_CCMR2 Capture/compare register 2

0x20 TIM_CCER Capture/compare enable register
0x24 TIM_CNT Counter register

0x28 TIM_PSC Prescaler register

0x2C TIM_ARR Auto-reload register

0x34 TIM_CCR1 Capture/compare register 1

0x38 TIM_CCR2 Capture/compare register 2
0x3C TIM_CCR3 Capture/compare register 3

0x40 TIM_CCR4 Capture/compare register 4

Ox48 TIM_DCR DMA control register

0x4C TIM_DMAR DMA access register

Registers are detailed in the following sections.
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19.6.1

Control Register 1 (TIM_CR1)

Offset address: 0x00

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:10

RSV

Reserved

9:8

CKD

R/W

0x0

Dead time and digital filter clock frequency
division register (division ratio relative to
CK_INT):

00: tprs = teknt

01: tors = 2 * toknt

10: tors = 4 * tekunt

11: Reserved, prohibited

APRE

R/W

0x0

Auto-reload preload enable:
0: ARR not preloaded
1: ARR preloaded

65

CMS

R/W

0x0

Counter alignment mode selection:

00: Edge-aligned mode

01: Center-aligned mode 1; output compare
interrupt flags are set only when the counter is
counting down.

10: Center-aligned mode 2; output compare
interrupt flags are set only when the counter is
counting up.

11: Center-aligned mode 3; output compare
interrupt flags are set both when the counter is

counting up or down.

DIR

R/W

0x0

Counting direction register:

0: Count up

1: Count down

Note: This register is read-only when the timer is
configured in center-aligned mode or encoder

mode.

OPM

R/W

0x0

One-pulse mode output:
0: The counter does not stop at the occurrence of
update event.

1: The counter stops at the occurrence of update
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Bit Name | Attribute | Reset Value | Description
event (CEN cleared automatically).
Update request source:
0: An update interrupt or DMA request will be
generated by any of the following events:
® Counter overflow/underflow

2 URS | R/W 0x0 ® Software setting the UG bit
® Update generated from the slave mode

controller

1: An update interrupt or DMA request will be
generated only at counter overflow or underflow.
Update disable:
0: Update event enabled; the update event can
be generated by any of the following events:
® Counter overflow/underflow
® Software setting the UG bit

1 uDbIS | R/IW 0x0 ® Update generated from the slave mode

controller

1: Update event disabled, shadow register not
updated; the counter and the prescaler will be
reinitialized if the UG bit is set or if the slave
mode controller receives a hardware reset.
Counter enable:
0: Disabled

0 CEN | R/W 0x0 1: Enabled

Note: The external trigger mode can
automatically set the CEN bit.

19.6.2 Control Register 2 (TIM_CR2)

Offset address: 0x04

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
31:8 | RSV | - - Reserved
T1 input selection:
7 TS | R/IW 0x0 0: T1 input from CH1 pin
1: T1 input from XOR combination of CH1, CH2
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Bit | Name | Attribute | Reset Value | Description
and CH3 pins

Master mode selection, selecting the TRGO

trigger mode:

000: Reset—TRGO is generated by the UG bit in
the EGR register.

001: Enable—TRGO is generated by the counter
enable signal, including the CEN control bit and
external trigger.

010: Update—TRGO is generated by the update

event.

64 | MMS | R/'W 0x0

011: Compare pulse—TRGO is generated when
an input capture or compare event occurs that

sets CC1F to 1.

100: Compare—TRGO is generated by OCTREF.
101: Compare—TRGO is generated by OC2REF.
110: Compare—TRGO is generated by OC3REF.
111: Compare—TRGO is generated by OC4REF.

Capture/compare DMA selection:

0: CCx DMA request sent when CCx event occurs
3 CCDS | R/W 0x0
1: CCx DMA request sent when update event
occurs

2:0 | RSV - - Reserved

19.6.3 Slave Mode Control Register (TIM_SMCR)

Offset address: 0x08

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV | - - Reserved
External trigger polarity:
15 ETP R/W 0x0 0: Active at high level or rising edge

1: Active at low level or falling edge

Enable clock enable:

0: External clock mode 2 disabled
14 ECE R/W 0x0
1: External clock mode 2 enabled; the counter is

clocked by any active edge on the ETRF signal.
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Bit

Name

Attribute

Reset Value

Description

13:12

ETPS

R/W

0x0

External trigger prescaler:

The frequency of external trigger signal ETRP
must be at most 1/4 of TIM clock frequency. A
prescaler can be enabled to reduce ETRP
frequency when inputting fast external clocks.
00: Prescaler off

01: Frequency divided by 2

10: Frequency divided by 4

11: Frequency divided by 8

11:8

ETF

R/W

0x0

External trigger filter frequency and length
selection:

0000: No filter

0001: fsampuing = foxant, N = 2
0010: fsampLing = fexnt, N = 4
0011: fsampuing = foxant, N =8
0100: fsampuing=fors / 2, N =6
0101: fsampuing = fors /2, N =8
0110: fsampuing = fors / 4, N = 6
0111: fsampuing = fors / 4, N =8
1000: fsampung=fors / 8, N =6
10071: fsampuing = fors / 8, N =8
1010: fsampuing = fors / 16, N =5
1011: fsampun = fors / 16, N = 6
1100: fsampLing = fors / 16, N = 8
1107: fsampung = fors / 32, N =5
1110: fsampLing = fors / 32, N =6
1111: fsampunc = fors / 32, N =8

MSM

R/W

0x0

Master/slave mode selection:

0: No action

1: The effect of an event on the trigger input
(TRGI) is delayed to allow a perfect
synchronization between the current timer and
its slaves (through TRGO).

6:4

TS

R/W

0x0

Trigger selection for selecting the trigger
source to be used to synchronize the counter:
000: Internal trigger 0 (ITRO)

001: Internal trigger 1 (ITR1)
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Bit

Name

Attribute

Reset Value

Description

010: Internal trigger 2 (ITR2)

011: Internal trigger 3 (ITR3)

100: TI1 edge detector (TITF_ED)

101: Filtered timer input 1 (TITFP1)

110: Filtered timer input 2 (TI2FP2)

111: External trigger input (ETRF)

Note: These bits can be changed only when the
slave mode is disabled (i.e. SMS = 000).

RSV

Reserved

2:0

SMS

R/W

0x0

Slave mode selection:

000: Slave mode disabled—if CEN is enabled,
then the prescaler is clocked directly by the
internal clock.

001: Encoder mode 1—counter counts
up/down on TI2FP1 edge depending on TI1FP2
level.

010: Encoder mode 2—counter counts
up/down on TI1FP2 edge depending on TI2FP1
level.

011: Encoder mode 3—counter counts
up/down on both TITFP1 and TI2FP2 edges
depending on the level of other inputs.

100: Reset mode—rising edge of the selected
trigger input (TRGI) reinitializes the counter and
generates an update of the registers.

101: Gated mode—the counter clock is enabled
when TRGl is high, and stops as soon as it
becomes low.

110: Trigger mode—the counter starts at the
rising edge of TRGI (but it is not reset).

111: External clock mode 1—rising edges of

TRGI directly clock the counter.
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19.6.4 DMA / Interrupt Enable Register (TIM_DIER)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:20 | RSV - - Reserved

CC4OF interrupt enable:
19 CC40F_DISABLE | R/W 0x0 0: Enabled

1: Disabled

CC3O0F interrupt enable:
18 CC30F_DISABLE | R/W 0x0 0: Enabled

1: Disabled

CC20F interrupt enable:
17 CC20F_DISABLE | R/W 0x0 0: Enabled

1: Disabled

CC10OF interrupt enable:
16 CC10F_DISABLE | R/W 0x0 0: Enabled

1: Disabled
15 RSV - - Reserved

External trigger DMA request enable:
0: In slave mode, external trigger
DMA request disabled

14 TDE R/W 0x0 1: In slave mode, external trigger
DMA request enabled (can be used
to automatically update the preload
register)

13 RSV - - Reserved

Capture/compare channel 4 DMA

request enable:

12 CC4DE R/W 0x0
0: CC4 DMA request disabled
1: CC4 DMA request enabled
Capture/compare channel 3 DMA
request enable:

11 CC3DE R/W 0x0

0: CC3 DMA request disabled
1: CC3 DMA request enabled
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Bit

Name

Attribute

Reset Value

Description

10

CC2DE

R/W

0x0

Capture/compare channel 2 DMA
request enable:

0: CC2 DMA request disabled

1: CC2 DMA request enabled

CC1DE

R/W

0x0

Capture/compare channel 1 DMA
request enable:

0: CC1 DMA request disabled

1: CC1 DMA request enabled

UDE

R/W

0x0

Update DMA request enable:
0: Update DMA request disabled
1: Update DMA request enabled

RSV

Reserved

TIE

R/W

0x0

Trigger interrupt enable:
0: Trigger interrupt disabled
1: Trigger interrupt enabled

RSV

Reserved

CC4lIE

R/W

0x0

Capture/compare channel 4 interrupt
enable:

0: CC4 interrupt disabled

1: CC4 interrupt enabled

CC3IE

R/W

0x0

Capture/compare channel 3 interrupt
enable:

0: CC3 interrupt disabled

1: CC3 interrupt enabled

CC2IE

R/W

0x0

Capture/compare channel 2 interrupt
enable:

0: CC2 interrupt disabled

1: CC2 interrupt enabled

CC1IE

R/W

0x0

Capture/compare channel 1 interrupt
enable:

0: CC1 interrupt disabled

1: CC1 interrupt enabled

UIE

R/W

0x0

Update interrupt enable:
0: Update interrupt disabled

1: Update interrupt enabled
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19.6.5 Status Register (TIM_SR)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description
31:13 | RSV - - Reserved
Capture/compare channel 4 overcapture flag:
This register is valid only when the
corresponding channel is configured in input
12 CC40F | R/WOC 0x0 capture mode. This flag is set by hardware and
cleared by software via writing it to 0.
0: No overcapture event
1: A new capture occurs while CC4IF flag is 1.
Capture/compare channel 3 overcapture flag:
This register is valid only when the
corresponding channel is configured in input
11 CC30F | R/'WO0C 0x0 capture mode. This flag is set by hardware and
cleared by software via writing it to 0.
0: No overcapture event
1: A new capture occurs while CC3IF flag is 1.
Capture/compare channel 2 overcapture flag:
This register is valid only when the
corresponding channel is configured in input
10 CC20F | R/WOC 0x0 capture mode. This flag is set by hardware and
cleared by software via writing it to 0.
0: No overcapture event
1: A new capture occurs while CC2IF flag is 1.
Capture/compare channel 1 overcapture flag:
This register is valid only when the
corresponding channel is configured in input
9 CC10F | R/WOC 0x0 capture mode. This flag is set by hardware and
cleared by software via writing it to 0.
0: No overcapture event
1: A new capture occurs while CC1IF flag is 1.
8:7 RSV - - Reserved
5 TIE R/WOC 0x0 Trigger interrupt flag is set by hardware and
cleared by software via writing it to 0.
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Bit Name | Attribute | Reset Value | Description
5 RSV - - Reserved

Capture/compare channel 4 interrupt flag:

If channel CC4 is configured as output: the
CCA4IF flag is set when the counter matches the
compare value, and cleared by software via

4 CC4IF | R/WOC 0x0 writing it to 0.

If channel CC4 is configured as input: this flag is
set by hardware on a capture. It is cleared by
software via writing it to 0 or automatically
cleared by software reading TIM_CCRA4.

Capture/compare channel 3 interrupt flag:

If channel CC3 is configured as output: the
CC3IF flag is set when the counter matches the
compare value, and cleared by software via

3 CC3IF | R/WOC 0x0 writing it to 0.

If channel CC3 is configured as input: this flag is
set by hardware on a capture. It is cleared by
software via writing it to 0 or automatically

cleared by software reading TIM_CCR3.

Capture/compare channel 2 interrupt flag:

If channel CC2 is configured as output: the
CC2IF flag is set when the counter matches the
compare value, and cleared by software via

2 CC2IF | R/WOC 0x0 writing it to 0.

If channel CC2 is configured as input: this flag is
set by hardware on a capture. It is cleared by
software via writing it to 0 or automatically

cleared by software reading TIM_CCR2.

Capture/compare channel 1 interrupt flag:

If channel CC1 is configured as output: the
CC1IF flag is set when the counter matches the
compare value, and cleared by software via

1 CC1IF | R/WOC 0x0 writing it to 0.

If channel CC1 is configured as input: this flag is
set by hardware on a capture. It is cleared by

software via writing it to 0 or automatically

cleared by software reading TIM_CCR1.
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Bit

Name

Attribute

Reset Value | Description

UIF

R/WOC

0x0

Update interrupt flag is set by hardware and
cleared by software via writing it to 0.

UIF is set and the shadow register is updated at
the following events:

Counter overflow occurs if repetition counter =
0 and UDIS = 0.

The counter is reinitialized by software setting
the UG bit if URS = 0 and UDIS = 0.

The counter is reinitialized by a trigger event if
URS =0 and UDIS = 0.

19.6.6 Event Generation Register (TIM_EGR)

Offset address: 0x14

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset

Value

Description

317

RSV

Reserved

6

TG

0x0

This bit can be set by software to generate a trigger

event, and it is automatically cleared by hardware.

5

RSV

Reserved

CC4G

0x0

Capture/compare channel 4 software trigger:

If channel CC4 is configured as output, CC4G flag is
set, and corresponding interrupt and DMA request will
be sent if enabled.

If channel CC4 is configured as input: the current
counter value is captured in the TIM_CCR4 register, the
CC4G is set, and if enabled, it can generate the

corresponding interrupt and DMA request.

CC3G

0x0

Capture/compare channel 3 software trigger:

If channel CC3 is configured as output, CC3G flag is
set, and corresponding interrupt and DMA request will
be sent if enabled.

If channel CC3 is configured as input: the current

counter value is captured in the TIM_CCR3 register, the

CC3G is set, and if enabled, it can generate the
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Bit

Name | Attribute

Reset

Value

Description

corresponding interrupt and DMA request.

CC2G | W

0x0

Capture/compare channel 2 software trigger:

If channel CC2 is configured as output, CC2G flag is
set, and corresponding interrupt and DMA request will
be sent if enabled.

If channel CC2 is configured as input: the current
counter value is captured in the TIM_CCR2 register, the
CC2G is set, and if enabled, it can generate the

corresponding interrupt and DMA request.

CC1G | W

0x0

Capture/compare channel 1 software trigger:

If channel CC1 is configured as output, CC1G flag is
set, and corresponding interrupt and DMA request will
be sent if enabled.

If channel CC1 is configured as input: the current
counter value is captured in the TIM_CCR1 register, the
CC1G is set, and if enabled, it can generate the

corresponding interrupt and DMA request.

UG W

0x0

This bit can be set by software to generate an update
event, and is automatically cleared by hardware.
When the software sets UG, the counter is reinitialized,
the shadow register is updated, and the prescaler

counter is cleared.

19.6.7 Capture/Compare Register 1 (TIM_CCMR1)

Offset address: 0x18

Reset value: 0x0000 0000

This register can be used in output (compare mode) or in input (capture mode).

® Output compare mode

Bit Name Attribute | Reset Value | Description
31:16 | RSV - - Reserved
Output compare 2 clear enable, refer to
15 OC2CE | R/W 0x0 o
OC1CE description
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Bit

Name

Attribute

Reset Value

Description

14:12

OoC2M

R/W

0x0

Output compare 2 mode configuration, refer
to OC1M description

11

OC2PE

R/W

0x0

Output compare 2 preload enable, refer to
OC1PE description

10

OC2FE

R/W

0x0

Output compare 2 fast enable, refer to
OC1FE description

9:8

CC2S

R/W

0x0

Capture/compare channel 2 selection:

00: CC2 channel is configured as output.

01: CC2 channel is configured as input, IC2 is
mapped on TI2.

10: CC2 channel is configured as input, IC2 is
mapped on TI1.

11: CC2 channel is configured as input, IC2 is
mapped on TRC.

Note: CC2S bits are writable only when the
channel is OFF (CC2E = 0).

OC1CE

R/W

0x0

Output compare 1 clear enable:
0: OC1REF is not affected by ETRF input.
1: OCTREF is automatically cleared once a

high level is detected on ETRF input.

6:4

OC1M

R/W

0x0

Output compare 1 mode: these bits define
the behavior of the output reference signal
OC1REF.

000: The comparison between the output
compare register CCR1 and the
counter CNT has no effect on the
outputs.

001: Set OCTREF high when CCR1 = CNT
(falling edge)

010: Set OCTREF low when CCR1 = CNT
(falling edge)

011: Toggle OCTREF when CCR1 = CNT
(falling edge)

100: Force OC1REF low (inactive)

101: Force OC1REF high (active)

110: PWM mode 1—in up-counting, OC1REF
is set high when CNT < CCR1,
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Bit

Name

Attribute

Reset Value

Description

otherwise it is set low; in down-
counting, OC1REF is set low when
CNT = CCR1, otherwise it is set high.
111: PWM mode 2—in up-counting, OC1REF
is set low when CNT < CCR1,
otherwise it is set high; in down-
counting, OC1REF is set high when
CNT = CCR1, otherwise it is set low.

OC1PE

R/W

0x0

Output compare 1 preload enable:

0: Preload register disabled; CCR1 can be
written directly.

1: Preload register on CCR1 enabled;
read/write operations access the
preload register; the preload value is
shifted to the shadow register at each

update event.

OC1FE

R/W

0x0

Output compare 1 fast enable:

0: Fast disabled, the trigger input will not
affect the comparison output.

1: Fast enabled, the trigger input will
immediately change OC1REF to the
output when the comparison values
match, regardless of the actual current
comparison.

This function acts only if the channel is

configured in PWM1 or PWM2 mode.

1:0

CC1S

R/W

0x0

Capture/compare channel 1 selection:

00: CC1 channel is configured as output.

01: CC1 channel is configured as input, IC1 is
mapped on TI1.

10: CC1 channel is configured as input, IC1 is
mapped on TI2.

11: CC1 channel is configured as input, IC1 is
mapped on TRC.

Note: CC1S bits are writable only when the
channel is OFF (CC1E = 0).
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® Input Capture Mode

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15:12

IC2F

R/W

0x0

Input capture 2 filter

11:10

IC2PSC

R/W

0x0

Input capture 2 prescaler

9:8

CC2S

R/W

0x0

Capture/compare channel 2 selection:

00: CC2 channel is configured as output.

01: CC2 channel is configured as input, IC2 is
mapped on TI2.

10: CC2 channel is configured as input, IC2 is
mapped on TI1.

11: CC2 channel is configured as input, IC2 is
mapped on TRC.

Note: CC2S bits are writable only when the
channel is OFF (CC2E = 0).

7:4

IC1F

R/W

0x0

Input capture 1 filter:

This bit-field defines the frequency used to
sample TI1 input and the length of the digital
filter applied to Tl4.

0000:
0001:
0010:
0011:
0100:

No filter, sampling is done at fprs
fsampuing = fokonr, N = 2
fsampuing = font, N = 4
fsampuing = feknt, N =8
fsampung = fors /2, N = 6
0101: fsampung = fors /2, N =8
0110: fsampuing = fors / 4, N = 6
0111: fsampung = fors / 4, N =8
1000: fsampuing = fors / 8, N =6
1007: fsampung = fors / 8, N =8
1010: fsampuing = fors / 16, N =5
1011: fsampung = fors / 16, N = 6
1100: fsampLing = fors / 16, N = 8
1107: fsampung = fors / 32, N =5
1110: fsampuing = fors / 32, N =6
1111: fsampung = fors / 32, N = 8
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Bit

Name

Attribute

Reset Value

Description

3:2

ICT1PSC

R/W

0x0

Input capture 1 prescaler:

00: No prescaler

01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events
The ICTPSC register is reset when CC1E = 0.

1:0

CC1S

R/W

0x0

Capture/compare channel 1 selection:

00: CC1 channel is configured as output.

01: CC1 channel is configured as input, IC1 is
mapped on TI1.

10: CC1 channel is configured as input, IC1 is
mapped on TI2.

11: CC1 channel is configured as input, IC1 is
mapped on TRC.

Note: CC1S bits are writable only when the
channel is OFF (CC1E = 0).

19.6.8 Capture/Compare Register 2 (TIM_CCMR2)

Offset address: 0x1C

Reset value: 0x0000 0000

This register can be used in output (compare mode) or in input (capture mode).

® Output compare mode

Bit Name | Attribute | Reset Value | Description
31:16 | RSV - - Reserved
Output compare 4 clear enable:
0: OC4REF is not affected by ETRF input.
15 OC4CE | R/'W 0x0
1: OC4REF is automatically cleared once a high
level is detected on ETRF input.
Output compare 4 mode configuration:
These bits define the behavior of the output
14:12 | OC4M | R/W 0x0
reference signal OC4REF.
000: The comparison between the output
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Bit Name | Attribute | Reset Value | Description

compare register CCR4 and the counter
CNT has no effect on the outputs.
001: Set OC4REF high when CCR4 = CNT.
010: Set OC4REF low when CCR4 = CNT.
011: Toggle OC4REF when CCR4 = CNT.
100: Force OC4REF low (inactive)
101: Force OC4REF high (active)
110: PWM mode 1
® |n up-counting, OC4REF is set high
when CNT < CCR4, otherwise it is set
low.
® |n down-counting, OC4REF is set low
when CNT > CCR4, otherwise it is set
high.
111: PWM mode 2
® |n up-counting, OC4REF is set low
when CNT < CCR4, otherwise it is set
high.
® In down-counting, OC4REF is set high
when CNT > CCR4, otherwise it is set

low.

Output compare 4 preload enable:

0: Preload register disabled; CCR4 can be
written directly.

11 OC4PE | R/IW 0x0 1: Preload register on CCR4 enabled;

read/write operations access the preload

register; the preload value is shifted to the

shadow register at each update event.

Output compare 4 fast enable:

0: Fast disabled, the trigger input will not affect
the comparison output.

1: Fast enable is on, the trigger input will

10 OC4FE | R/IW 0x0 immediately change OC4REF to the output

when the comparison values match,

regardless of the actual current

comparison.

This function acts only if the channel is
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Bit Name | Attribute | Reset Value | Description
configured in PWM1 or PWM2 mode.

Capture/compare channel 4 selection:

00: CC4 channel is configured as output.

01: CC4 channel is configured as input, IC4 is
mapped on Tl4.

10: CC4 channel is configured as input, IC4 is
9:8 CC4S | R/W 0x0
mapped on TI3.

11: CC4 channel is configured as input, IC4 is
mapped on TRC.

Note: CC4S bits are writable only when the
channel is OFF (CC4E = 0).

Output compare 3 clear enable:

0: OC3REF is not affected by ETRF input.

1: OC3REF is automatically cleared once a high

7 OC3CE | R/'W 0x0

level is detected on ETRF input.

Output compare 3 mode: these bits define the
behavior of the output reference signal
OC3REF.

000: The comparison between the output
compare register CCR3 and the counter
CNT has no effect on the outputs.

001: Set OC3REF high when CCR3 = CNT.

010: Set OC3REF low when CCR3 = CNT.

011: Toggle OC3REF when CCR3 = CNT.

100: Force OC3REF low (inactive)

6:4 OC3M | R/IW 0x0 101: Force OC3REF high (active)

110: PWM mode 1—in up-counting, OC3REF is
set high when CNT < CCR3, otherwise it
is set low; in down-counting, OC3REF is
set low when CNT > CCR3, otherwise it is
set high.

111: PWM mode 2—in up-counting, OC3REF is
set low when CNT < CCR3, otherwise it is
set high; in down-counting, OC3REF is
set high when CNT > CCR3, otherwise it
is set low.

3 OC3PE | R/W 0x0 Output compare 3 preload enable:
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Bit

Name

Attribute

Reset Value

Description

0: Preload register disabled; CCR3 can be
written directly.

1: Preload register on CCR3 enabled;
read/write operations access the preload
register; the preload value is shifted to the

shadow register at each update event.

OC3FE

R/W

0x0

Output compare 3 fast enable:

0: Fast disabled, the trigger input will not affect
the comparison output.

1: Fast enabled, the trigger input will
immediately change OC3REF to the output
when the comparison values match,
regardless of the actual current
comparison.

This function acts only if the channel is

configured in PWM1 or PWM2 mode.

1:0

CC3S

R/W

0x0

Capture/compare channel 3 selection:

00: CC3 channel is configured as output.

01: CC3 channel is configured as input, IC3 is
mapped on TI3.

10: CC3 channel is configured as input, IC3 is
mapped on Tl4.

11: CC3 channel is configured as input, IC3 is
mapped on TRC.

Note: CC3S bits are writable only when the

channel is OFF (CC3E = 0).

® Input Capture Mode

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15:12

IC4F

R/W

0x0

Input capture 4 filter:

This bit-field defines the frequency used to
sample Tl4 input and the length of the digital
filter applied to Tl4.

0000: No filter, sampling is done at fprs

0001: fsampLing = feknt, N = 2
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Bit

Name

Attribute | Reset Value

Description

0010: fsampLing = feknt, N = 4
0011: fsampuing = foxant, N =8
0100: fsamping=fors /2, N =6
0101: fsampuing = fors /2, N =8
0110: fsampng = fors / 4, N = 6
0111: fsampuing = fors / 4, N =8
1000: fsampuing = fors / 8, N =6
1001: fsampung = fors / 8, N =8
1010: fsampuing = fors / 16, N =5
1011: fsampLing = fors / 16, N = 6
1100: fsampuing = fors / 16, N =8
1107: fsampuing = fors / 32, N =5
1110: fsampung = fors / 32, N =6
1111 fsampung = fors / 32, N = 8

11:10

IC4PSC

R/W 0x0

Input capture 4 prescaler:

00: No prescaler

01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events
The IC4PSC register is reset when CC4E = 0.

9:8

CC4S

R/W 0x0

Capture/compare channel 4 selection:

00: CC4 channel is configured as output.

01: CC4 channel is configured as input, IC4 is
mapped on Tl4.

10: CC4 channel is configured as input, IC4 is
mapped on TI3.

11: CC4 channel is configured as input, IC4 is
mapped on TRC.

Note: CC4S bits are writable only when the
channel is OFF (CC4E = 0).

7:4

IC3F

R/W 0x0

Input capture 3 filter:

This bit-field defines the frequency used to
sample TI3 input and the length of the digital
filter applied to Tl4.

0000: No filter, sampling is done at fprs

0001: fsampring = feunt, N =2

0010: fsamping = foxant, N = 4
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Bit

Name

Attribute

Reset Value

Description

0011: fsampLing = feunt, N =8
0100: fsampLing=fors /2, N =6
01071: fsampng = fors /2, N =8
0110: fsampLing = fors / 4, N = 6
0111: fsampuing = fors / 4, N = 8
1000: fsampuing=fors / 8, N =6
1007: fsampuing = fors / 8, N =8
1010: fsampung = fors / 16, N =5
1011: fsampung = fors / 16, N = 6
1100: fsampLing = fors / 16, N = 8
1107: fsampung = fors / 32, N =5
1110: fsampLing = fors / 32, N =6
1111: fsampun = fors / 32, N =8

3:2

IC3PSC

R/W

0x0

Input capture 3 prescaler:

00: No prescaler

01: Capture is done once every 2 events

10: Capture is done once every 4 events

11: Capture is done once every 8 events
The IC3PSC register is reset when CC3E = 0.

1:0

CC3S

R/W

0x0

Capture/compare channel 3 selection:

00: CC3 channel is configured as output.

01: CC3 channel is configured as input, IC3 is
mapped on TI3.

10: CC3 channel is configured as input, IC3 is
mapped on Tl4.

11: CC3 channel is configured as input, IC3 is
mapped on TRC.

Note: CC3S bits are writable only when the
channel is OFF (CC3E = 0).
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19.6.9 Capture/Compare Enable Register (TIM_CCER)

Offset address: 0x20

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:14

RSV

Reserved

13

CC4P

R/W

0x0

Capture/compare 4 output polarity:

CC4 channel configured as output:

0: OC4 is OC4REF.

1: OC4 is the inverse OC4REF.

CC4 channel configured as input:

0: Non-inverted: Capture is done on the rising
edge of IC4.

1: Inverted: Capture is done on the falling edge
of IC4.

12

CC4E

R/W

0x0

Capture/compare 4 output enable:
CC4 channel configured as output:
0: OC4 not active

1: OC4 active

CC4 channel configured as input:
0: Capture disabled

1: Capture enabled

11:10

RSV

Reserved

CC3P

R/W

0x0

Capture/compare 3 output polarity:

CC3 channel configured as output:

0: OC3 is OC3REF.

1: OC3 is the inverse OC3REF.

CC3 channel configured as input:

0: Non-inverted: Capture is done on the rising
edge of IC3.

1: Inverted: Capture is done on the falling edge
of IC3.

CC3E

R/W

0x0

Capture/compare 3 output enable:
CC3 channel configured as output:
0: OC3 not active

1: OC3 active

CC3 channel configured as input:

V1.9.1

Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 353



UMB324xF User Manual General-purpose Timers (TIM1-TIM4 & TIM8-TIM13)

Bit Name | Attribute | Reset Value | Description

0: Capture disabled
1: Capture enabled
7:6 RSV | - - Reserved

Capture/compare 2 output polarity:

CC2 channel configured as output:

0: OC2 is OC2REF.

1: OC2 is the inverse OC2REF.

5 CC2P | R/IW 0x0 CC2 channel configured as input:

0: Non-inverted: Capture is done on the rising
edge of IC2.

1: Inverted: Capture is done on the falling edge
of IC2.

Capture/compare 2 output enable:

CC2 channel configured as output:
0: OC2 not active

4 CC2E | R/W 0x0 1: OC2 active

CC2 channel configured as input:
0: Capture disabled

1: Capture enabled

3:2 RSV | - - Reserved

Capture/compare 1 output polarity:

CC1 channel configured as output:

0: OC1 is OC1REF.

1: OC1 is the inverse OCTREF.

1 CC1P | R/W 0x0 CC1 channel configured as input:

0: Non-inverted: Capture is done on the rising
edge of IC1.

1: Inverted: Capture is done on the falling edge
of IC1.

Capture/compare 1 output enable:

CC1 channel configured as output:
0: OC1 not active

0 CC1E | R/IW 0x0 1: OC1 active

CC1 channel configured as input:
0: Capture disabled

1: Capture enabled
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19.6.10 Counter Register (TIM_CNT)

Offset address: 0x24

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 CNT R/W 0x0 Counter value

19.6.11 Prescaler Register (TIM_PSC)

Offset address: 0x28

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value Description

31:16 | RSV - - Reserved

Counter clock (CK_CNT) prescaler value:

fek ont = fekpsc / (PSC[15:0] + 1)

15:0 | PSC R/W 0x0 This is a preload register whose content are
transferred into the shadow register at each

update event.

19.6.12 Auto-reload Register (TIM_ARR)

Offset address: 0x2C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

Auto-reload value at counter overflow:
310 | ARR R/W 0x0 This is a preload register whose content are
transferred into the shadow register at each

update event.
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19.6.13 Capture/Compare Register 1 (TIM_CCR1)

Offset address: 0x34

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCR1

R/W

0x0

Capture/compare channel 1 register:

If channel CC1 is configured as output:

This is a preload register, the contents of which
are loaded into the shadow register and used for
comparison with the counter to generate the OC1
output.

If channel CC1 is configured as input:

CCR1 stores the counter value at the time of the
most recent input capture event. In this case,
CCR1 is read-only.

19.6.14 Capture/Compare Register 2 (TIM_CCR2)

Offset address: 0x38

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CCR2

R/W

0x0

Capture/compare channel 2 register:

If channel CC2 is configured as output:

This is a preload register, the contents of which
are loaded into the shadow register and used for
comparison with the counter to generate the
OC2 output.

If channel CC2 is configured as input:

CCR2 stores the counter value at the time of the
most recent input capture event. In this case,
CCR2 is read-only.
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19.6.15 Capture/Compare Register 3 (TIM_CCR3)

Offset address: 0x3C

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value Description

Capture/compare channel 3 register:

If channel CC3 is configured as output:
This is a preload register, the contents of
which are loaded into the shadow register
and used for comparison with the counter to
31:.0 | CCR3 | R/W 0x0
generate the OC3 output.

If channel CC3 is configured as input:
CCR3 stores the counter value at the time of
the most recent input capture event. In this

case, CCR3 is read-only.

19.6.16 Capture/Compare Register 4 (TIM_CCR4)

Offset address: 0x40

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value Description

Capture/compare channel 4 register:

If channel CC4 is configured as output:
This is a preload register, the contents of
which are loaded into the shadow register
and used for comparison with the counter to
31.0 | CCR4 | R/'W 0x0
generate the OC4 output.

If channel CC4 is configured as input:
CCRA4 stores the counter value at the time of

the most recent input capture event. In this

case, CCR4 is read-only.

19.6.17 DMA Control Register (TIM_DCR)

Offset address: 0x48

Reset value: 0x0000 0000

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 357



UM324xF User Manual

General-purpose Timers (TIM1-TIM4 & TIM8-TIM13)

Bit Name | Attribute | Reset Value | Description

31:13 | RSV - - Reserved
DMA burst length:
A read or write access to the TIM_DMAR
register will trigger DMA transfer with a burst
length of 1-18.

128 | DBL RIW Ox0 00000: Burst length =1
00001: Burst length = 2
00010: Burst length =3
10001: Burst length =18
Others: Invalid value, write prohibited

7:5 RSV - - Reserved
DMA base address, defined as the offset
address directed to the register:
00000: TIM_CR1
00001: TIM_CR2
00010: TIM_SMCR

4:0 DBA R/W oxo |.....
Note: When DBA + DBL exceeds the TIM
register address range, the actual burst
transfer stops automatically when it reaches
the highest TIM register address, i.e., the burst
length is shortened.

19.6.18 DMA Access Register (TIM_DMAR)

Offset address: 0x4C

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

DMAR

R/W

0x0

DMA register for burst access:

When using DMA burst transfer, set the DMA
channel peripheral address to TIM_DMAR.
Accesses to this register will point to the
register specified in TIM_DCR, and TIM will
generate multiple DMA requests based on the
DBL value.
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19.7 Operation Procedure

19.7.1 Counting Mode

1.

Enable the TIMx clock in RCM module.

Configure TIM_CR1[4] to set the counting direction.
Set TIM_CR1[7] to 1 to enable the auto-reload preload.
Configure TIM_PSC[15:0] to set the prescaler value.
Configure TIM_ARR[31:0] to set the auto-reload value.

Set TIM_CR1[2] to 1 so that an update interrupt or DMA request will be generated only at

counter overflow or underflow.
Set TIM_CR1[1] to 0 to enable the update event.

Set TIM_EGR[0] to 1 so that when the software sets TIM_EGR[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be

cleared.

Set TIM_CR1[0] to 1 to enable the counter.

10. Set TIM_DIER[0] to 1 to enable the update event interrupt.

19.7.2 PWM Mode

Configure the GPIO alternate function to enable the TIMx clock in RCM module.
Configure TIM_CR1[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.
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6.

10.

11.

12.

13.

14.

15

According to the output channel, set TIM_CCMRx[1:0/9:8] to 0 to configure channel x as

output.

Configure TIM_CCMRx[6:4/14:12] to set PWM mode 1/2.
Configure TIM_CCER[1/5/9/13] to set the output polarity.
Set TIM_CCER[0/4/8/12] to 1 to enable channel x output.

Set TIM_CR1[2] to 1 so that an update interrupt or DMA request will be generated only at

counter overflow or underflow.
Set TIM_CR1[1] to 0 to enable the update event.

Set TIM_EGR[0] to 1 so that when the software sets TIM_EGR[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be

cleared.
Set TIM_CR1[0] to 1 to enable the counter.
Set TIM_DIER[0] to 1 to enable the update event interrupt.

. Configure TIM_CCRx[31:0] to set the compare value of channel x.

19.7.3 Input Capture Mode

Configure the GPIO alternate function to enable the TIMx clock in RCM module.
Configure TIM_CR1[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.

Configure TIM_CCMRXx[1:0/9:8] to set channel CCx as input, and perform mapping as

required.
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10.

11.

12.

13.

Configure TIM_CCER[1/5/9/13] to set the capture polarity.

Configure TIM_CCMRx[7:4/15:12] to set the sampling frequency and filter length,

generally set to 0.
Configure TIM_CCMRx[3:2/11:10] to set the prescaler value of input capture.
Set TIM_CCER[0/4/8/12] to 1 to enable the capture function.

Set TIM_EGRI[0] to 1 so that when the software sets TIM_EGRI[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be

cleared.
Set TIM_CR1[0] to 1 to enable the counter.

Set TIM_DIER[1/2/3/4] to 1 to enable the capture interrupt of channel x.

19.7.4 Encoder Interface Mode

10.

Configure the GPIO alternate function to enable the TIMx clock in RCM module.
Configure TIM_CR[4] to set the counting direction.

Set TIM_CR1[7] to 1 to enable the auto-reload preload.

Configure TIM_PSC[15:0] to set the prescaler value.

Configure TIM_ARR[31:0] to set the auto-reload value.

Set TIM_CCMR1[1:0] to 1 to configure channel CC1 as input with IC1 mapped on TI1.
Set TIM_CCMR1[9:8] to 1 to configure channel CC2 as input with IC2 mapped on TI2.
Configure TIM_CCER[1] to set the capture polarity.

Configure TIM_CCER[5] to set the capture polarity.

Configure TIM_CCMR1[7:4] to set the sampling frequency and filter length, generally set

to 0.
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11. Configure TIM_CCMR1[15:12] to set the sampling frequency and filter length, generally

setto 0.
12. Configure TIM_SMCR[2:0] to set encoder mode 1/2/3.
13. Set ATIM_CCER[O0] to 1 to enable the capture function of channel 1.
14. Set ATIM_CCER[4] to 1 to enable the capture function of channel 2.

15. Set TIM_EGR[0] to 1 so that when the software sets TIM_EGRI[0], the counter will be
reinitialized, the shadow register will be updated, and the prescaler counter will be

cleared.
16. Set TIM_CR1[0] to 1 to enable the counter.

17. Set TIM_DIER[1] to 1 to enable capture interrupt of channel 1.

19.7.5 DMA Mode

In input capture mode, the channel capture value of TIMx is transferred to SRAM via DMA:

1. In input capture mode, before setting TIM_EGR[0] bit by software and enabling the
counter, add the following configurations:

2. Configure TIM_DCR[12:8] to set the DMA burst length.

3. Configure TIM_DCR[4:0] to set the DMA base address. Generally, the base address here

selects the capture/compare register corresponding to the capture channel.
4. Set TIM_DIER[9/10/11/12] to 1 to enable the CCx DMA request.
5. Set TIM_CR2[3] to 0 to enable the CCxDMA request generation at CCx event.
6. For details on DMA controller configuration, please refer to Chapter 11.

7. After initiating DMA transfer, when a capture event occurs on the channel, DMA will

transfer the value stored in base address to SRAM.

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 362



UMB324xF User Manual General-purpose Timers (TIM1-TIM4 & TIM8-TIM13)

In output compare mode, the value in SRAM is transferred via DMA to the compare register of

TIMx.

1.

In PWM mode, before setting TIM_EGR[0] bit by software and enabling the counter, add

the following configurations:
Configure TIM_DCR[12:8] to set the DMA burst length.

Configure TIM_DCR[4:0] to set the DMA base address. Generally, the base address here

selects the capture/compare register corresponding to the compare channel.
Set TIM_DIER[9/10/11/12] to 1 to enable the CCx DMA request.

Set TIM_CR2[3] to 0 to enable the CCxDMA request generation at CCx event.
For details on DMA controller configuration, please refer to Chapter 11.

After the DMA transfer is started, when the counter value matches the compare value,

DMA will transfer the value in SRAM to the base address.
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20 Basic Timer (TIM5 & TIM6)

20.1 Overview

The basic timer consists of a 32-bit auto-reload counter driven by a programmable prescaler.

20.2 Main Features

® 32-bit auto-reload upcounter

® 16-bit programmable prescaler allowing real-time adjustment of the counter clock
division

® Interrupt generation on the following event:

> Counter overflow, counter initialization (triggered by software or hardware)

20.3 Functional Description

20.3.1 Time-base Unit

The main block of the time-base unit is a 32-bit counter with its related auto-reload register.

The counter clock can be divided by a 16-bit prescaler.

The counter, the auto-reload register and the prescaler register can be written or read by

software, which is true even when the counter is running.
The time-base unit includes:

® Counter register (TIM_CNT)

® Prescaler register (TIM_PSC)

® Auto-reload register (TIM_ARR)
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The auto-reload register is preloaded, which is controlled by the auto-reload preload enable
(ARPE) bit in the register. When ARPE = 0, write to the ARR register, and the written data is
directly transferred to the shadow register. When ARPE = 1, the data written to the ARR
register is transferred to the shadow register when an update event (TIM_CNT overflow or
underflow) occurs. The update event of ARR can also be actively triggered by software via

register operation.

The counter TIM_CNT is clocked by the prescaler output TIM_PSC, which is enabled only when
the counter enable bit (CEN) in the register is set. When CNT = ARR, this round of counting is

over and the update event is sent.

TIM_PSC is a synchronous prescaler that can divide the counter clock frequency by any factor
between 1 and 65536. The PSC register is also buffered, and overwriting PSC does not actually
overwrite the shadow register unless a new update event occurs. Thus, the PSC register can
be changed in real time on the fly, and the new prescaler ratio is taken into account at the

next update event.

«esc [T TTHUUTUUUUUUUUUL

CEN

s MU ML ML T
ont 7 Yesfesfeafesfec oo Y o1 Y o2 Y o3 Y o4 )

Update event
(UEV) |_

Prescaler register 0 /X 1

Write a new value in TIM é

Prescaler buffer 0 1
Prescaler counter 0 0000000000

Figure 20-1: Counter Timing Diagram with Prescaler Division Changing from 1 to 2
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Prescaler buffer 0 X 3
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Figure 20-2: Counter Timing Diagram with Prescaler Division Changing from 1 to 4

20.3.2 Counter Operation Mode
The basic timer only supports up-counting mode.

In up-counting mode, the counter counts from 0 to the auto-reload value, i.e. CNT = ARR,

generating an overflow event, and then restarts counting from 0.

If the repetition counter is enabled, the counter repeats the above process a number of times

(RCR + 1) as defined in RCR before generating an underflow event.

The software can directly trigger an update event by setting the UG bit in the register, at
which time the CNT and the prescaler registers are automatically cleared. Whether setting the
UG register triggers UIF (update interrupt flag) is determined by the setting of the URS

register.

The update event can be disabled by setting the UDIS bit in the register to avoid updating the
shadow register while writing new values in the preload registers.
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When an update event occurs, the following registers are updated and the UIF bit is set:
® The auto-reload shadow register ARR is reloaded with the content of TIM_ARR register.

® The prescaler shadow register PSC is reloaded with the content of TIM_PSC register.

s [ITUTUUULUUTUUUULTUL

CEN |

o [UUHUUUUUUUUULTU
o e feofeEAEeEaloseedeslodeeaforeelr)

Counter overflow

Update event
(UEV)

Update interrupt
flag (UIF)

Figure 20-3: Up-counting Waveform Diagram, Internal Clock not Divided
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Counter overflow

Update event
(UEV)

Update interrupt
flag (UIF)

Figure 20-4: Up-counting Waveform Diagram, Internal Clock Divided by 2
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Update interrupt
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Figure 20-5: Counter Timing Diagram, Update Event when ARPE = 0 (TIM_ARR not Preloaded)
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Figure 20-6: Counter Timing Diagram, Update Event when ARPE = 1 (TIM_ARR Preloaded)
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20.3.3 Preload Register
® The following functional registers support the preload function:
» Auto-reload register TIM_ARR
> Prescaler register TIM_PSC (preload function cannot be disabled)
» Channel control register TIM_CCR
» CCxE and CCxNE control register
» OCxM control register

The preload function can be enabled or disabled by software for all of the above registers

except TIM_PSC.

® Registers with preload function contain two sets of physical entities:
» Shadow register: the register being used by the actual timer
» Preload register: the register accessible to software

® When the preload function is disabled, the register with preload function has the

following characteristics:
» The preload register can be accessed and overwritten by software in real time.
» The shadow register is updated synchronously with the preload register.
® |f the preload function is enabled, then:
»  All software operations access the preload register.

» At the occurrence of update event, the content of all preload registers will be

synchronously transferred to the corresponding shadow registers.
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20.3.4 Counter Clock

The counter clock can be provided by the following clock sources:

Internal clock: Timerx_clk

20.3.4.1 Internal Clock Source

If the slave mode controller is disabled (SMS = 000), then the CEN, DIR and UG bits are

controlled by software.

After the UG bit is set and the update signal is synchronized by CLK_PSC, the counter value is

reinitialized.

APBCLK J_L—|_|||||||—|_||||||||||||||||||||

CEN=CNT_EN ___|

UG

CK_CNT=CK_PSC |||||||—|_||||||||||||||||||||

ot __e7_fesferfeatealecfoolonlozfoafosfosfosforoekos)

UIF

Figure 20-7: Timing Diagram in Internal Clock Source Mode, Clock Divided by 1

20.3.5 Debug Mode

When the CPU enters debug mode, the timer can either stop or continue working, and its

behavior is defined by registers in the chip system.

When the timer is stopped during debugging, its output will be disabled (MOE is cleared).
Depending on the register configuration, the output signal can be forced to be inactive or

controlled by the GPIO module.
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20.4 Register Description
TIM5 register base address: 0x4600_B000
TIMé register base address: 0x4600_B400
The registers are listed below:

Table 20-1: List of TIM5 & TIM6 Registers

Offset Address Name Description

0x00 TIM_CR1 Control register 1

0x04 TIM_CR2 Control register 2

0x0C TIM_DIER DMA and interrupt enable register
0x10 TIM_SR Status register

0x14 TIM_EGR Event generation register

0x24 TIM_CNT Counter register

0x28 TIM_PSC Prescaler register

0x2C TIM_ARR Auto-reload register

Registers are detailed in the following sections.

20.4.1 Control Register 1 (TIM_CR1)

Offset address: 0x00

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:8 | RSV - - Reserved

Auto-reload preload enable:
7 APRE R/W 0x0 0: ARR not preloaded

1: ARR preloaded
6:4 RSV - - Reserved

One-pulse mode output:
0: The counter does not stop at the
3 OPM R/W 0x0 occurrence of update event.

1: The counter stops at the occurrence of

update event (CEN cleared automatically).
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Bit

Name

Attribute | Reset Value

Description

URS

R/W

0x0

Update request source:
0: An update interrupt or DMA request will be
generated by any of the following events:

® Counter overflow/underflow

® Software setting the UG bit

® Update generated from the slave

mode controller

1: An update interrupt or DMA request will be
generated only at counter overflow or

underflow.

UDIS

R/W

0x0

Update disable:
0: Update event enabled; the update event
can be generated by any of the following
events:

® Counter overflow/underflow

® Software setting the UG bit
1: Update event disabled, shadow register not
updated; the counter and the prescaler will be
reinitialized if the UG bit is set or if the slave

mode controller receives a hardware reset.

CEN

R/W

0x0

Counter enable:

0: Disabled

1: Enabled

Note: The external trigger mode can
automatically set the CEN bit.

20.4.2 Control Register 2 (TIM_CR2)

Offset address: 0x04

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

31:7 | RSV | - - Reserved
Master mode selection, selecting the TRGO
trigger mode:

6:4 | MMS | R/IW 0x0 _ o
000: reset—TRGO is generated by the UG bit in
the EGR register.
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Bit | Name | Attribute | Reset Value | Description

001: enable—TRGO is generated by the counter
enable signal, including the CEN control bit and
external trigger.

010: Update—TRGO is generated by the update
event.

011: Compare pulse—TRGO is generated when
an input capture or compare event occurs and
sets CC1F to 1.

100: Compare—TRGO is generated by OCTREF.
101: Compare—TRGO is generated by OC2REF.
110: Compare—TRGO is generated by OC3REF.
111: Compare—TRGO is generated by OC4REF.
3.0 |RSV |- - Reserved

20.4.3 DMA / Interrupt Enable Register (TIM_DIER)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:9 RSV - - Reserved
Update DMA request enable:
8 UDE R/W 0x0 0: Update DMA request disabled
1: Update DMA request enabled
7:1 RSV - - Reserved
Update interrupt enable:
0 UIE R/W 0x0 0: Update interrupt disabled
1: Update interrupt enabled

20.4.4 Status Register (TIM_SR)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description
31:1 | RSV - - Reserved
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Bit Name | Attribute | Reset Value | Description

Update interrupt flag is set by hardware and

cleared by software via writing it to 0.

UIF is set and the shadow register is updated at

the following events:

® Counter overflow occurs if repetition
counter =0 and UDIS = 0.

® The counter is reinitialized by software
setting the UG bit if URS = 0 and UDIS = 0.

® The counter is reinitialized by a trigger
event if URS =0 and UDIS = 0.

0 UIF R/WOC 0x0

20.4.5 Event Generation Register (TIM_EGR)

Offset address: 0x14

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
3111 | RSV | - - Reserved

This bit can be set by software to generate an

update event, and is automatically cleared by
hardware.

0 UG w 0x0
When the software sets UG, the counter will be

reinitialized, the shadow register will be updated,

and the prescaler counter will be cleared.

20.4.6 Counter Register (TIM_CNT)

Offset address: 0x24

Reset value: 0x0000 0000

Bit Name Attribute Reset Value Description
31:0 CNT R/W 0x0 Counter value
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20.4.7 Prescaler Register (TIM_PSC)

Offset address: 0x28

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:16 | RSV - - Reserved

Counter clock (CK_CNT) prescaler value:

fok ont = fek psc / (PSC[15:0] + 1)

15:0 | PSC R/W 0x0 This is a preload register whose content are

transferred into the shadow register at each

update event.

20.4.8 Auto-reload Register (TIM_ARR)

Offset address: 0x2C

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

Auto-reload value at counter overflow:

This i I i h
310 | ARR R/W O0x0 is is a preload register whose content are
transferred into the shadow register at each

update event.

20.5 Operation Procedure

20.5.1 Counter Startup

1. Enable the TIMx clock in RCM module.

2. Configure TIM_ARR[31:0] to set the auto-reload value.

3. Configure TIM_PSC[15:0] to set the prescaler value.

4. Set TIM_EGR[O0] to 1 to generate a software update event and update the shadow register.
5. Set TIM_SR[0] to 0 to clear the update interrupt flag.

6. Set TIM_CR1[0] to 1 to enable the counter.
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21 Low-power Timer (LPTIM)

21.1 Overview

LPTIM is a 16-bit low-power timer/counter module running in always-on power domain. By
selecting suitable clock source, LPTIM is able to keep running in various low-power modes
with extremely low power consumption. LPTIM can be used as an external pulse counter in
low-power mode even with no internal clock source. Also, in combination with an external

input trigger signal, LPTIM is able to realize timeout wake-up from low-power modes.

This chip is provided with two low-power timers: LPTIMO and LPTIM1. LPTIMO/1 are capable
of waking up the system from sleep and stop modes through interrupts. After entering
StandbyO0 mode, LPTIMO can wake the system up through counter overflow interrupt,
compare match interrupt, and external pulse counting interrupt (all interrupts generated by
LPTIMO can wake it up from Standby0). In contrast, LPTIM1 only supports wakeup from
StandbyO0 through internal counter overflow interrupt and compare match interrupt; it does

not support wakeup by external pulse counting interrupt.

21.2 Main Features
® 16-bit upcounter
® 3-bit asynchronous prescaler with 8 possible dividing factors (1, 2, 4, 8, 16, 32, 64, 128)
® Selectable clock source:
> Internal clock sources: LSCLK (RCL or XTL), CLK1Hz, APBO (PCLKO)
> External clock source: LPTIMx_IN

® 16-bit compare register
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® 16-bit destination register

® Selectable software / hardware input trigger

® Configurable input polarity

® External pulse counting with no clock source

® Externally triggered timeout wakeup from low-power modes

® Timed wakeup

® 16-bit PWM

21.3 System Block Diagram

LPTIMx_TRIG
RCL —»|0 LSCLK
XTL—>| 1 |—,
CLK1HZ >
PCLKO >
LPTIMx_IN — Edge select

21.4

LPTIM

| 16-bit target register |

I

Clk divider

16-bit counter
LPTCLK

LPTIMx_OUT

I

16-bit comparison

register

Figure 21-1: System Block Diagram

Pin Description

Table 21-1: LPTIM Pin Description

X

Function Pin | Alternate Function Pin | Direction | Functional Description
LPTimer signal input (for external
LPTIMO_IN PCO Input
asynchronous pulse counting mode)
LPTIMO_TRIG | PC3 Input LPTimer clock input (input capture)
LPTIMO_OUT | PC1 Output LPTimer signal output (PWM)
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Function Pin | Alternate Function Pin | Direction | Functional Description

LPTIM signal input (for external
LPTIM1_IN PD10 Input

asynchronous pulse counting mode)
LPTIM1_TRIG | PD11 Input LPTimer clock input (input capture)
LPTIM1_OUT | PE4 Output LPTimer signal output (PWM)

Note: In Standby0 Mode, LPTIMO can wake up the system through pins PCO and PC3. LPTIM1
can only wake up the system through internal timing and cannot be awakened by the external

pins PD10 or PD11.

21.5 Functional Description

21.5.1 General-purpose Timer

LPTIM can operate using either internal or external clocks, and after enabling there is a

synchronization process of two counting clock cycles before operation begins.

21.5.2 Pulse-trigger Counting

LPTIM works with an internal clock, sampling the external asynchronous trigger signal, and
can count the rising edge, falling edge, or both edges of the trigger signal. When the number
of pulses reaches the set comparison value or overflows, the corresponding interrupt flag bit
will be set to 1. There is a synchronization process of two counting clock cycles before and

after enabling.

21.5.3 External Asynchronous Pulse Counting

LPTIM directly uses the external input pulse as the working clock, with polarity configurable to
rising edge or falling edge. Once enabled, it starts working immediately without a

synchronization process.
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21.5.4 Timeout Mode

LPTIM operates with an internal or external clock, sampling the external asynchronous trigger
signal. The counter will be started at the first sampling of the trigger signal, and will be cleared
and restarted if another trigger signal is sampled after startup. If there is no new trigger
before the counter overflows, an overflow interrupt will be generated, the counting will be
stopped, and the enable will be cleared. There is a synchronization process of two counting

clock cycles after enabling.

21.5.5 Counting Mode
The LPTIM features two counting modes:

Continuous counting mode: The counter keeps running after being enabled until it is disabled.
Upon reaching the target value, it returns to 0 to restart counting, generating an overflow

interrupt.

One-shot counting mode: The counter counts to the target value upon being triggered, then
resets to 0 and automatically stops, generating an overflow interrupt. As the overflow signal
and the LPTEN enable signal are in different clock domains, disabling the enable signal is

implemented by asynchronous reset and synchronous release.

21.5.6 Externally Triggered Timeout Wakeup

LPTIM can be enabled by an external trigger signal or by software. In timeout mode, the first
valid edge of the external trigger input will start the counter, while the subsequent trigger
signal will clear the counter. If there is no effective trigger signal before the counter reaches

the comparison value, a timeout interrupt is generated to wake up MCU.
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The valid edge of the external trigger signal can be configured via registers, and since the
external trigger signal is considered asynchronous input, there is a delay of at least two

counting clock cycles for sampling and judgment.

21.5.7 16-bit PWM

After enabling PWM mode, LPTIM starts counting from 0x0000. The output goes high when
the count value is equal to the comparison value, and goes low when the count value is equal
to the final value. The PWM period is determined by the target value register, and the duty

cycle is determined by the compare value register.

21.6 Register Description
LPTIMO register base address: 0x40B0_9000
LPTIM1 register base address: 0x40B0_A000
The registers are listed below:

Table 21-2: List of LPTIM Registers

Offset Address Name Description

0x00 LPTIM_CFG Configuration register
0x04 LPTIM_CNT Counter register

0x08 LPTIM_CMP Compare value register
0x0C LPTIM_TARGET Target value register
0x10 LPTIM_IE Interrupt enable register
0x14 LPTIM_IF Interrupt status register
0x18 LPTIM_CTRL Control register

Registers are detailed in the following sections.
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21.6.1 Configuration Register (LPTIM_CFG)

Offset address: 0x00

Reset value: 0x0000 0200

Bit Name Attribute | Reset Value | Description

31:16 | RSV - - Reserved

External trigger signal filter enable:
When enabled, external trigger signals with

a holding time shorter than two counting

15 FLTEN R/W 0x0
clock cycles will be filtered out.
0: Filter disabled
1: Filter enabled

14:13 | RSV - - Reserved

Counter clock division selection:
000: Divided by 1

001: Divided by 2

010: Divided by 4

12:10 | DIVSEL R/W 0x0 011: Divided by 8

100: Divided by 16

101: Divided by 32

110: Divided by 64

111: Divided by 128

Counter clock source selection:

00: LSCLK (low-speed system clock RCL or
XTL) selected as counter clock

01: RCLP selected as counter clock

10: PCLK of LPTIM selected as counter clock
11: LPTIM (external pin selected by SYSCFG-
>SYSCTRL1[11] or CLK_1Hz) selected as

counter clock

9:8 CLKSEL R/W 0x2

LPTIM input edge selection:
7 EDGESEL | R/W 0x0 0: LPTIM counts at rising edge
1: LPTIM counts at falling edge
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Bit Name Attribute | Reset Value | Description
External trigger edge selection:
00: Rising edge for external trigger input

6:5 TRIGCFG | R/W 0x0 01: Falling edge for external trigger input
10/11: Rising/falling edge for external
trigger input
Counter clock division selection:
0: Positive waveform, that is, when the first
count value = the comparison value, the
rising edge of the output waveform is

4 POLARITY | R/'W 0x0 generated.
1: Negative waveform, that is, when the first
count value = the comparison value, the
falling edge of the output waveform is
generated.
Pulse width modulation mode:

3 PWM R/W 0x0 0: Periodic square wave output
1: PWM output
Counting mode:
0: Continuous counting mode: the counter
keeps running after being triggered until it is
disabled. After the counter reaches the
target value, it returns to 0 to restart

2 MODE R/W 0x0 counting, and an overflow interrupt is
generated.
1: One-shot counting mode: After being
triggered, the counter counts to the target
value, then returns to 0 and automatically
stops, generating an overflow interrupt.
Operation mode selection:
00: General timer mode with waveform
output

1:0 TMODE R/W 0x0 01: Pulse-trigger counting mode
10: External asynchronous pulse counting
mode
11: Timeout mode
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21.6.2 Counter Register (LPTIM_CNT)

Offset address: 0x04

Reset value: 0x0000 0000
Bit Name Attribute Reset Value Description
31:16 RSV - - Reserved
15:0 CNT R 0x0 Counter value

21.6.3 Compare Value Register (LPTIM_CMP)

Offset address: 0x08

Reset value: 0x0000 0000
Bit Name Attribute Reset Value Description
31:16 RSV - - Reserved
15:0 CMP R/W 0x0 Compare value register

21.6.4 Target Value Register (LPTIM_TARGET)

Offset address: 0x0C

Reset value: 0x0000 0000
Bit Name Attribute Reset Value Description
31:16 RSV = - Reserved
15:0 TARGET R/W 0x0 Target value
21.6.5 Interrupt Enable Register (LPTIM_IE)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:3 | RSV - - Reserved
External trigger valid edge interrupt enable:
2 TRIGIE | R/W 0x0 1: Enabled
0: Disabled
1 OVIE RIW 0x0 Counter overflow interrupt enable:
1: Enabled
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Bit

Name

Attribute

Reset Value

Description

0: Disabled

COMPIE

R/W

0x0

Compare match interrupt enable:

1: Interrupt enabled when the counter value
matches the compare value

0: Interrupt disabled when the counter value

matches the compare value

21.6.6

Interrupt Flag Register (LPTIM_IF)

Offset address: 0x14

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

313

RSV

Reserved

TRIGIF

R/W1C

0x0

External trigger interrupt enable:
1: External trigger interrupt enabled

0: External trigger interrupt disabled

OVIF

R/W1C

0x0

Counter overflow interrupt enable:
1: Counter overflow interrupt enabled

0: Counter overflow interrupt disabled

COMPIF

R/W1C

0x0

Compare match interrupt enable:
1: Interrupt enabled when the counter value
matches the compare value

0: Interrupt disabled when the counter value

matches the compare value

21.6.7 Control Register (LPTIM_CTRL)

Offset address: 0x18

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description
311 RSV - - Reserved
LPTIM enable:
0 LPTEN | R/W 0x0 1: Counter counting enabled
0: Counter counting disabled
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21.7 Operation Procedure

21.7.1 Enabling LPTIM Clock

1.

2.

3.

4.

Write OXABCD to the PMU_CPR register to enable its write operation.
Configure PMU_FCCR[3:2] to enable the LPTIMO0/1 controller clock.
Configure PMU_FRCR[3:2] and release the LPTIMO0/1 controller reset.

Write 0x459E to the PMU_CPR register to end its write operation.

21.7.2 LPTIM Counting

1.

N

w

4.

i

o

Enable the LPTIM clock.
Configure the LPTIM_CFG register, and write 0 to clear previous configurations.

Configure LPTIM_CFG[12:10] to set the clock division factor, configure LPTIM_CFG[9:8] to
set the LPTIM clock source, configure LPTIM_CFG[2] to set the LPTIM counting mode, and
configure LPTIM_CFG[1:0] to set the LPTIM operating mode (general timer mode with

waveform output).
Configure LPTIM_TARGET [15:0] to set the target count value.
Configure LPTIM_IE[1] to enable the LPTIM overflow interrupt.

Configure LPTIM_CTRL[0] to enable LPTIM.

21.7.3 LPTIM PWM Output

1.

2.

3.

Enable the LPTIM clock.

Configure the pin where LPTIM_OUT is located to enable its clock and multiplex its

function to LPTIM_OUT.

Configure the LPTIM_CFG register, and write 0 to clear previous configurations.
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4.

o

o

~

o

Configure LPTIM_CFG[12:10] to set the clock division factor, configure LPTIM_CFG[9:8] to
set the LPTIM clock source, configure LPTIM_CFG[2] to set the LPTIM counting mode,
configure LPTIM_CFG[1:0] to set the LPTIM operating mode (general timer mode with

waveform output), and set the pulse width modulation mode of PWM bit to PWM output.
Configure LPTIM_CMP [15:0] to set the count compare value.

Configure LPTIM_TARGET [15:0] to set the target count value.

Configure LPTIM_IE[0] to enable the LPTIM compare match interrupt.

Configure LPTIM_CTRL[0] to enable LPTIM.

21.7.4 LPTIM External Trigger Count Interrupt

1.

2.

3.

4.

5.

6.

7.

Enable the LPTIM clock.

Configure the pin where LPTIM_TRIGGRT is located to enable its clock and multiplex its

function to LPTIM_TRIGGER.
Configure the LPTIM_CFG register, and write 0 to clear previous configurations.

Configure LPTIM_CFG[12:10] to set the clock division factor, configure LPTIM_CFG[9:8] to
set the LPTIM clock source, configure LPTIM_CFG[2] to set the LPTIM counting mode,
configure LPTIM_CFG[1:0] to set the LPTIM operating mode (pulse-trigger counting
mode), configure the TRIGCFG bit to set the valid edge for external trigger signal, and set

FLTEN bit 1 to enable trigger signal filtering.
Configure LPTIM_TARGET [15:0] to set the target count value.
Configure LPTIM_IE[2] to enable the LPTIM trigger interrupt.

Configure LPTIM_CTRL[0] to enable LPTIM.
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21.7.5 LPTIM Timeout Mode

1.

Enable the LPTIM clock.

Configure the pin where LPTIM_TRIGGRT is located to enable its clock and multiplex its

function to LPTIM_TRIGGER.
Configure the LPTIM_CFG register, and write 0 to clear previous configurations.

Configure LPTIM_CFG[12:10] to set the clock division factor, configure LPTIM_CFG[9:8] to
set the LPTIM clock source, configure LPTIM_CFG[2] to set the LPTIM counting mode,
configure LPTIM_CFG[1:0] to set the LPTIM operating mode (timeout mode), configure
the TRIGCFG bit to set the valid edge for external trigger signal, and set FLTEN bit 1 to

enable trigger signal filtering.
Configure the LPTM_TARGET register to set the target count value.
Configure the OVIE bit of LPTIM_IE register to enable the LPTIM overflow interrupt.

Configure the LPTEN bit of LPTIM_CTRL register to enable LPTIM.

21.7.6 LPTIM External Clock Source Count Overflow Interrupt

1.

Enable the LPTIM clock.

Configure the pin where LPTIM_IN is located to enable its clock and multiplex its function

to LPTIM_IN.
Configure the LPTIM_CFG register, and write 0 to clear previous configurations.

Configure the CLKSEL, DIVSEL and TMODE bits of the LPTIM_CFG register to
correspondingly set the LPTIM clock source (with the CLKSEL bit set to 11), the clock
division factor, and the LPTIM operating mode (external asynchronous pulse counting
mode), and configure the EDGESEL bit to set the counting edge of the external clock

source.
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5. Configure LPTIM_TARGET [15:0] to set the target count value.
6. Configure LPTIM_IE[1] to enable the LPTIM overflow interrupt.

7. Configure LPTIM_CTRL[0] to enable LPTIM.
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22 Independent Watchdog Timer (IWDT)

22.1 Overview

The watchdog timer can generate a non-maskable interrupt or reset when the counter
reaches the given timeout value. It can be used to regain control when the system fails to

respond as expected due to software errors or external device failures.

22.2 Main Features

® 32-bit downcounter with programmable load

® Independent watchdog timer enabled

® Interrupt generation logic with interrupt masking
® Lockout register for software runaway protection

® Software boot function: reset enabling / disabling in IWDT control register

22.3 Register Description
IWDT register base address: 0x40B0_6000
The registers are listed below:

Table 22-1: List of IWDT Registers

Offset Address Name Description

0x00 IWDT_LOAD Load register

0x04 IWDT_CNT Counter register

0x08 IWDT_CTRL Control register

0x0C IWDT_CLR Clear register

0x10 IWDT_INTRAW Raw interrupt status register
0x14 IWDT_MINTS Interrupt status register
0x18 IWDT_STALL Clock division register

0x1C IWDT_LOCK Counter lock register

Registers are detailed in the following sections.
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22.3.1

Offset address: 0x00

Reset value: 0x0000 3FFF

Load Register (IWDT_LOAD)

Bit

Name

Attribute

Reset Value

Description

31:0

LOAD

R/W

0x0000 3FFF

IWDOG initial load value

22.3.2 Counter Register (IWDT_CNT)

Offset address: 0x04

Reset value: 0x0000 3FFF

Bit Name Attribute Reset Value Description
Counter value in IWDOG If the clock
31:0 CNT R 0x0000 3FFF source frequency is 32,768 Hz, the
default overflow time is about 0.5 s.

22.3.3 Control Register (IWDT_CTRL)

Offset address: 0x08

Reset value: 0x8000 0004

Bit

Name

Attribute

Reset Value

Description

31

WRC

0x1

The IWDT load value is set or the IWDT_CTRL
register takes effect. When writing to the
IWDT_LOAD or IWDT_CTRL register, there
will be a delay (3 - 4 IWDTCLK cycles
without prescaling) before the set bit takes
effect:

0: The setting has not taken effect yet.

1: The setting has taken effect.

30:3

RSV

Reserved

RST_MODE

R/W

0x1

IWDT overflow reset mode selection (without
interrupt enabled):

0: Overflow reset shall be counted twice for
the first time

1: Overflow reset shall be counted once
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Bit

Name

Attribute

Reset Value

Description

RSTEN

R/W

0x0

IWDT overflow reset enable:
0: Disabled
1: Enabled

INTEN

R/W

0x0

IWDT interrupt enable:

0: Disabled

1: Enabled

Note: Overflow interrupt has higher priority

than overflow reset.

Notes:

When Rst_mode is set to 0 without enabling the interrupt, the overflow reset shall be counted

twice for the first time.

1. If the load register (IWDT_LOAD) is configured before the first overflow, it will reset the count

twice. Therefore, as long as the load register is configured before the first overflow, it will

reset the count twice. However, if the load register is configured once after the first overflow,

subsequent configurations of the load register will only reset the overflow count once.

2. After the first overflow, if the load register (IWDT_LOAD) is configured, then each time the

load register is configured before the next overflow, it will only reset the overflow count once.

22.3.4 Clear Register (IWDT_CLR)

Offset address: 0x0C

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:0

CLR_CARRY

0x0

Writing any value to this register will clear
the IWDT overflow status, thereby clearing
both the interrupt and the reset. At the
same time, the value of the load register
IWDT_LOAD will be refreshed to the
counter register IWDT_CNT (equivalent to

a watchdog feeding action).
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22.3.5 Raw Interrupt Status Register (IWDT_INTRAW)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:1 RSV - - Reserved
Raw interrupt register, unmasked by
interrupt enable:
0 INTRAW R 0x0
0: No overflow occurred in IWDT
1: Overflow occurred in IWDT
22.3.6 Interrupt Status Register (IWDT_MINTS)

Offset address: 0x14

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

311 RSV - - Reserved
IWDT interrupt flag bit:

0 INTMS R 0x0 0: No interrupt occurred in IWDT
1: Interrupt occurred in IWDT

22.3.7 Clock Division Register (IWDT_STALL)

Offset address: 0x18

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
IWDT counter clock division value:
0x0: No frequency division
0x1: Divided by 2

31:16 | CLK_DIV | R/W 0x0
0x2: Divided by 3
OxFFFF: OXFFFF+ divided by 1

15:9 | RSV - - Reserved
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Bit Name Attribute | Reset Value | Description

Enable bit for IWDT not counting when the
chip is in HALT state:

8 STALL R/W 0x0
0: Counter stop function disabled in HALT state
1: Counter stop function enabled in HALT state
7:0 RSV - - Reserved

22.3.8 Counter Lock Register (IWDT_LOCK)

Offset address: 0x1C

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

IWDT lock function enable: It is not locked by
default.

When the LOCK function is enabled, all WDT
registers except this one are not writable. Write
any value except O0xTACCE551 to this register can
enable IWDT LOCK function, while write
OxTACCES51 to this register can clear the LOCK

function. Read this register: returning 1 indicates

31:0 | LOCK | R/W 0x0

a locked state, while returning 0 indicates an

unlocked state.

22.4 Operation Procedure

22.41 IWDT Clock Enabling

1.  Write OXABCD to the PMU_CPR register to enable its write operation.
2. Configure PMU_FCCR[1] to enable the IWDT controller clock.

3. Configure PMU_FRCR[1] to release the IWDT controller reset.

4. Write 0x459E to the PMU_CPR register to end its write operation.
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22.4.2 IWDT Load Value Setting

1.  Write Ox1TACCE551 to the IWDT_LOCK register to unlock the register.
2. Configure IWDT_LOAD[31:0] to set the IWDT counter load value.
3. Wait for IWDT_CTRL[31] to be set, i.e., the setting takes effect.

4. Write any value except 0xTACCE551 to the IWDT_LOCK register to lock the register.

22.4.3 IWDT Counter Overflow Interrupt

1. Enable the IWDT clock.

2. Write Ox1ACCE551 to the IWDT_LOCK register to unlock the register.
3. Configure IWDT_STALL[31:16] to set the IWDT clock division.

4. Initialize the IWDT counter overflow interrupt by setting IWDT_CTRL[1] to 1 to enable the

IWDT interrupt.
5.  Wait for IWDT_CTRL[31] to be set, i.e., the setting takes effect.
6. Configure IWDT_LOAD[31:0] to set the IWDT counter load value.
7. Wait for IWDT_CTRL[31] to be set, i.e., the setting takes effect.

8. Write any value except Ox1TACCE551 to the IWDT_LOCK register to lock the register.

22.4.4 IWDT Counter Overflow Reset

1. Enable the IWDT clock.
2. Write Ox1TACCE551 to the IWDT_LOCK register to unlock the register.
3. Configure IWDT_STALL[31:16] to set the IWDT clock division.

4. Configure IWNDT_CTRL[2] to set the reset condition to require either one complete count

or two complete counts for the first reset.
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5. Wait for IWDT_CTRL[31] to be set, i.e., the setting takes effect.
6. Configure IWDT_CTRL[1] to enable the IWDT overflow reset.
7. Wait for IWDT_CTRL[31] to be set, i.e., the setting takes effect.
8. Write IWDT_LOADI[31:0] to set the IWDT counter load value.
9. Wait for IWDT_CTRL[31] to be set, i.e., the setting takes effect.

10. Write any value except OxTACCE551 to the IWDT_LOCK register to lock the register.
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23 System Window Watchdog (WWDT)

23.1 Overview

The system window watchdog is a watchdog running synchronously with CPU, aiming at
monitoring the running status of CPU in real time, so that it can reset CPU in the case of

abnormal operation to avoid unpredictable consequences.

To ensure synchronization and real-time performance, the WWDT operates using the PCLK

clock, with an internal prescaler circuit to generate a synchronized count enable signal.

23.2 Main Features

® Counter clock PCLKO (APBO PCLK)

® Up-counting mode: the counter counts from 0 to the overflow time.

® The overflow time can be selected as 1/4/16/64/128/256/512/1024/2048/4096/8192/
16384/32768/65536 times of 4096 PCLKO cycles.

® The window period is defined as the period when the counter is greater than or equal to
50% of the overflow time.

® With early warning interrupt capability, an interrupt will occur when the count reaches

75% of the overflow time.

23.3 Functional Description

WWDT is disabled by default after the chip is reset, and the software needs to write 0x5A to
the control register (WWDT_CTRL) to activate WWDT. After WWDT is activated, if the
software writes OXAC to WWDT control register (WWDT_CTRL) during the window period, the

counter will be cleared. Once WWDT is enabled, it cannot be disabled again except by a reset.

The WWDT operates using PCLK with a built-in 4096 times prescaler circuit. The overflow time
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can be selected as 1/4/16/64/128/256/512/1024/2048/4096/8192/16384/32768/65536 times

of 4096 PCLKO cycles. The overflow time length is calculated as follows:

The following table shows some calculation examples:

twwor = fecik * 4096 % Ncrg

Table 23-1: WWDT Counter Overflow Time Calculation

PCLKO Frequency (fpcik)

Overflow Length
Configuration (Ncrc)

Overflow Time (twwor) (ms)

42 MHz

1 0.097523

4 0.390095

16 1.560381

64 6.241524
128 12.483047
256 24966095
512 4993219
1024 99.864381
2048 199.728762
4096 399.457524
8192 798.915048
16384 1597.830096
32768 3195.660192
65536 6391.320384

WWDT can only be cleared during the window period, otherwise a reset will be triggered

directly. The enable window is the second half of the counter cycle, and the software should

pay attention to query the count value before clearing the watchdog.
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Figure 23-1: WWDT Counter Refresh Timing Diagram

WWDT will generate a CPU reset when any of the following events occurs:

® Counter overflow

® Write a value other than OxAC to the WWDT control register (which can be used to trigger

CPU software reset).

® Write OXAC to the WWDT control register during window close period.

An early warning interrupt will be triggered when the counter reaches 75% of the overflow

time.

23.4 Register Description

WWDT register base address: 0x40B0_5000
The registers are listed below:

Table 23-2: List of WWDT Registers

Offset Address Name Description
0x00 WWDT_CTRL Control register
0x04 WWDT_CFG Configuration register
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Offset Address Name Description

0x08 WWDT_CNT Counter register

0x0C WWDT _IE Interrupt enable

0x10 WWDT_IF Interrupt flag register

0x14 WWDT _DIV_CNT PCLK prescaler counter register

23.4.1 Control Register ( WWDT_CTRL)

Offset address: 0x00

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
31:8 | RSV - - Reserved
CPU writing Ox5A to this bit will start WWDT.
After starting WWDT, CPU writing OxAC to this bit
7.0 |CTRL |W 0x0 will clear the counter.

After starting WWDT, CPU writing a value other
than OxAC to this bit will reset the system.

23.4.2 Configuration Register (WWDT_CFG)

Offset address: 0x04

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value

Description

31:4 |RSV |-

Reserved

30 |CFG |R/W

0x0

Configure watchdog overflow time:
0000: tpck x 4096 x 1
0001: tpcik x 4096 x 4
0010: teck x 4096 x 16
0011: tpek x 4096 x 64
0100: tpck x 4096 x 128
0101: teck x 4096 x 256
0110: tecik x 4096 x 512
0111: tecik % 4096 x 1024
1000: tpcik x 4096 x 2048
1001: tpcik x 4096 x 4096
1010: tecik x 4096 x 8192
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Bit

Name

Attribute

Reset Value

Description

T1011: tpak x 4096 x 16384
1100: teck x 4096 x 32768
11071: tecrk % 4096 x 65536
1110: Reserved
1111: Reserved

23.4.3 Counter Register ( WWDT_CNT)

Offset address: 0x08

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:16

RSV

Reserved

15:0

CNT

R

0x0

WWDT counter register value, which the software

can query to know the WWDT timing progress.

23.4.4

Offset address: 0x0C

Reset value: 0x0000 0000

Interrupt Enable Register (WWDT_IE)

Bit Name Attribute Reset Value | Description
311 RSV = - Reserved
WWDT interrupt enable:
0 IE R/W 0x0 0: Disabled
1: Enabled
23.4.5 Interrupt Flag Register (WWDT_IF)

Offset address: 0x10

Reset value: 0x0000 0000

Bit Name | Attribute | Reset Value | Description

31:1 | RSV - - Reserved
WWDT 75% timing interrupt flag:
0: No interrupt generated

0 IF R/W1C 0x0
1: The interrupt flag is set, and is cleared by
writing 1.
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23.4.6 PCLK Prescaler Counter Register (WWDT_DIV_CNT)

Offset address: 0x14

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:12

RSV

Reserved

11:0

DIV_CNT

0x0

This register is the PCLK prescaler counter. For
every 4096 PCLK cycles, the value of the

WWDT counter register increments by 1.

23.5

23.5.1

1.  Write OXA5A55A5A to RCM_RCMPR register to enable its write operation.

2. Configure RCM_APBOCKENR[10] to enable the WWDT controller clock.

3. Configure RCM_APBORSTR[10] to release the WWDT controller reset.

4. Write OxFFFFFFFF to RCM_RCMPR register to end its write operation.

5. Configure WWDT_CFG[3:0] to set the overflow time of WWDT counter.

6. Initialize the WWDT interrupt, and configure WWDT_IE[0] to enable WWDT interrupt.

7. Write Ox5A to the WWDT_CTRL register to start the WWDT counter.

Operation Procedure

Interrupt Mode

8. The WWDT window period is defined as the period when the counter is greater than or

equal to 50% of the overflow time, and the following operations are performed in

different time periods:

A.  When the count value is less than 50% of the overflow time, the watchdog is fed, and

V1.9.1

the system is reset directly.

Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd.

401



UM324xF User Manual System Window Watchdog (WWDT)

B. When the count value is greater than 50% of the overflow time, the watchdog is fed,
the WWDT counter is cleared, and the counting restarts.

C. When the count value reaches 75% of the overflow time, a WWDT warning interrupt
is triggered.

D. When the count value exceeds the overflow time, the system generates a reset.

9. Wait for the counter register (WWDT_CNT) to count to 75% of the overflow time, an
interrupt is triggered. If the configuration register (WWDT_CFG) is configured with tecik %
4096 x 1, then based on the count value in the PCLK prescaler counter register

(WWDT_DIV_CNT), the interrupt is triggered when it counts to 0xC00.

10. The interrupt flag register (WWDT_IF) is cleared by writing 1 to it.

23.5.2 WWDT Clear Counter

Write OXAC to the WWDT_CTRL register to clear the counter.
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24 Real-time Clock (RTC)

24.1 Overview

The battery backup unit (BBU) is a set of functional modules that includes a real-time clock
(RTC) with a calendar, an alarm, a periodic wake-up source, a tamper detector, and an 80-

byte backup register.

24.2 Main Features
The BBU supports the following features:
® The backup system is always running.
» Real-time clock (RTC) module
» Tamper detector
> 20-word (i.e., 80-byte) backup register

® Programmable alarm capable of generating interrupts
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24.3 Block Diagram of Modules with System Connection

VBAT VIN
BBU
Power on yIN_BAT_INT| Automatic
Reset + power
Extender switch
I |
RCL
—
— OSC
32 kHz
32.768|kHz
I |
» RTC < BKREG
ﬂk
A N v
Tamper | > APB.IF ¢ >
D detector

Figure 24-1 : BBU Module with Analog Module
Signal boundaries cross different power domains require isolation and level shifter units, as

shown in Figure 24-1.

24.4 Module Description

2441 RTC

24.41.1 Time and Calendar Counters

The RTC module is capable of providing real-time date and time information that can be

accessed by the core and peripheral devices.
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Date and time counters:

® Centisecond (1% of a second) counter (CENTISEC)
® Second counter (SECOND)

® Minute counter (MINUTE)

® Hour counter (HOUR)

® Week counter (WEEK)

® Day counter (DAY)

® Month counter (MONTH)

® Year counter (YEAR and CENTURY)

YEAR stands for the last two digits of the year. CENTURY indicates the 2000s (21st century) or

2100s (22nd century).

Each register is coded in BCD (binary-coded decimal) format.

24.4.1.2 Centisecond Counter (CENTISEC)

This counter continuously increments from 00 to 99 every second. It increments once every
326-329 low-speed clock cycles, depending on the second period after calibration. The jitter

in one second is controlled within only one HCLK cycle.

24.41.3 Time Counter (SECOND, MINUTE and HOUR)

The time counter behaves as follows:

SECOND: When the second counter counts from 59 to 00 (carry), the minute counter will be

incremented by 1.

MINUTE: When the minute counter counts from 59 to 00 (carry), the hour counter will be
incremented by 1.
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HOUR: The hour counter consists of H20 _PA (1 bit) and HOUR19 (5 bits).

® In 12-hour format, the day counter is incremented by 1 when [H20_PA, HOUR19] is

incremented from [1,11] (11:00 p.m.) to [0,12] (12:00 a.m.).

® In 24-hour format, the day counter is incremented by 1 when [H20_PA, HOUR19] is

incremented from [1,3] (23:00) to [0,0] (00:00).

By setting the HOUR12_24 bit in the RTC_TIME register, the hour format can be selected from

either the 12-hour or 24-hour format.
® 0:12-hour format
® 1:24-hour format

As shown in the table below, HOUR is represented by two registers: HOUR19 and H20_PA,
with the value of HOUR19 encoded in BCD format. The time format depends on the clock
system settings. In the 12-hour clock mode, H20_PA indicates AM or PM. In the 24-hour clock

mode, H20_PA represents the hour of 20 plus.

Table 24-1: HOUR Register Coding

. 24-hour Format 12-hour Format
Time H20_PA HOUR19 H20_PA HOUR19
0am. 0 0 0 12
1Tam. 0 1 0 1
2 a.m. 0 2 0 2
3am. 0 3 0 3
4 am. 0 4 0 4
5am. 0 5 0 5
6 am. 0 6 0 6
7 a.m. 0 7 0 7
8 a.m. 0 8 0 8
9 am. 0 9 0 9
10 a.m. 0 10 0 10
11 a.m. 0 11 0 11
0 p.m. 0 12 1 12
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. 24-hour Format 12-hour Format
Time H20_PA HOUR19 H20_PA HOUR19
1 p.m. 0 13 1 1
2 p.m. 0 14 1 2
3 p.m. 0 15 1 3
4 p.m. 0 16 1 4
5p.m. 0 17 1 5
6 p.m. 0 18 1 6
7 p.m. 0 19 1 7
8 p.m. 1 0 1 8
9 p.m. 1 1 1 9
10 p.m. 1 2 1 10
11 p.m. 1 3 1 11

24.41.4 Date Counter

Week counter (WEEK)

The counter value ranges from 0 to 6, and a 7 is treated as 0 when entered (coding rules: 0 or

7 = Sunday, 1 = Monday, ......, 5 = Friday, 6 = Saturday). The relationship between the WEEK

counter and the actual day of the week is user-defined.

Calendar counter (DAY, MONTH, YEAR, CENTURY)

The automatic calendar function provides calendar numbers as shown below:

® DAY: the counter ranges from:

>

>

>

>

01 to 31: In January, March, May, July, August, October, December

01 to 30: In April, June, September, November

01 to 29: In February of a leap year

01 to 28: In February of a non-leap year

When the day counter jumps back to 01, the month counter will carry forward.

V1.9.1
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® MONTH: it ranges from 01 to 12, and jumping back to 01 will carry it to the year counter.
® YEAR: it ranges from 00 to 99, and jumping back to 00 will clear the century counter.
® CENTURY:

» When the century counter is 0, YEAR = 04, 08, ..., 92, 96 are leap years.

» When the century counteris 1, YEAR = 00, 04, 08, ..., 92, 96 are leap years.

» The leap year can be correctly identified in the range from 2000 to 2399.

24.41.5 Time and Date Setting

To prevent accidental carry when writing the time and date counters, all timers will be frozen

until the end of the write operation.
The time/date setting operation should follow the following sequence:
1. Write 1 to RTC_ACCESS[2], and the counter will stop timing.

2. Complete the write operation as soon as possible. Note that any non-existing time or

date settings will be ignored.

3. Write 1 to RTC_ACCESSI[3] and start timing from this point.

24.41.6 Time and Date Reading

Before reading the time and date registers, RTC needs to copy the real-time values of the
time/date registers into the shadow reading register. This isolation ensures the integrity of the
data being read, preventing changes to the time/date values due to time updates. The

time/date read operation shall follow the sequence below:
1. Write 1 to RTC_ACCESS[0].
2. Complete the read operation as soon as possible.

3. Write 1 to RTC_ACCESS[1].
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24.41.7 Alarm Clock

The BBU provides two programmable alarms: Alarm 1 and alarm 2.

There are two alarm configuration registers RTC_ALM1TIME and RTC_ALM1DATE, and one

alarm enable register RTC_ALM1TEN.

The RTC_ALM1EN register controls the status of the alarm. When all bits of the RTC_ALM1EN
register are 0, alarm 1 is disabled. For each bit, 1 indicates that the alarm is only enabled when
the corresponding register matches, while 0 indicates that the alarm is enabled regardless of
the corresponding register value. The alarm flag and interrupt will be generated when the
time increases to match the enabled time set by the RTC_ALM1DATE and RTC_ALM1TIME

registers.
Example of alarm 1 setting is shown in the table below:

Table 24-2: Example of Alarm 1 Setting

ALM1 Date/Time Registers ALM1_EN Register
O | Y |
| w Z w2
El [«|e|ElZ/2|8|0%|2|2|2|8anl
% Z|> | 3 28BS 2| T,|Z | o O, Condition of Alarm 1
EI ZI gI ;I II EI ‘u’gl BI EI EI EI EI EI EI EI EI
SISIEEE2(ZEEEEEEEZE
- ] | ] | ] | ] | ] | ] | ] | ] | ] | ] | ] | | [ [
b O o - - - o - - - - o - o - - - - o ¢
2 3 4 5 6 [7 8 2 00 0 0 0 0 [0 |0 Disabled
2 B 4 5 6|7 89 00 00 01 [T |0 |[07:08ineveryhour
2 B 4 b5 67 B 9 00 1 0 |06:07:080nMarch4, 2002
2 3 & B 67 B Q2 00 1T 01T 1T 1 |0 |0607:080nthe 4th of every
month
2 3 4 5 67 B 9 00 01 1 1 1 |0 |06:07:080neveryFriday

Alarm 2 generates periodic interrupts. Depending on the register settings, the interrupt

interval varies from every minute to every 1/128th of a second.

Alerts can be checked by registers RTC_INTRAW and RTC_INTSTA.
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Registers RTC_INTEN and RTC_INTCLR control the output of the above interrupts to the CPU,

and the interrupt status retains its value until it is cleared by APB access.

24.41.8 Oscillator Calibration

As shown in the figure below, this module can calibrate the input frequency of the low-speed
clock to within £5 ppm of the nominal 32.768 kHz. The calibration function changes the
maximum value of the clock counter from 32768 to the specified value. The calibration step is

+1 cycle, and the maximum calibration range is from -128 cycles to +127 cycles.

nt=32768 + x Calibration on
nt=32768

wametmng LT TL T J1T . FL JT JT J1 T
VLD_ON 4/ u

Case 1: Positive PPM

nt=32768 Calibration on
nt=32768 - x

yooidvamuvs O I O A
VLD_ON 4’ ‘—‘

Case 2: Negative PPM

Figure 24-2: Oscillator Calibration
The 8-bit trim register (TRIM_VALUE[7:0], or TRIM[7:0] for short) in RTC_TRIM register stores a
signed value that can adjust the maximum value of the low-speed clock counter. TRIM[7] is its

»

symbol, where “0” represents a non-negative value and “1” represents a negative value.

When TRIM[7] is “1”, TRIM[6:0] is considered a binary complement.

The TRIM_MODE register defines the frequency at which this alignment is performed.
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® 0x0: once every 60 seconds (whenever SECOND = 00)

® 0x1: once every 30 seconds (whenever SECOND = 00 or 30)

® 0x2: once every 15 seconds (whenever SECOND = 00, 15, 30 or 45)

® 0x3: once every 6 seconds (whenever SECOND = 00, 06, 12, 18, 24, 30, 36, 42, 48 or 54)

This compensation scheme ensures that the minute refresh point is independent of the

oscillator frequency accuracy.
Examples of oscillator calibration calculations are listed in tables Table 24-3 to 24-6.
TRIM_MODE = 0x0

Table 24-3 : Example of Oscillator Calibration Calculation with TRIM_MODE = 0x0

Binary TRIM[7:0] Compensation Value |Total Clock Cycle in 60 Seconds |[ppm]
10000000 -128 32768 * 59 + 32640 * 1 -65.1
11000000 -64 32768 * 59 + 32704 * 1 -32.2
11111111 -1 32768 * 59 + 32767 * 1 -05
00000000 0 32768 * 60 0.0
00000001 32768 * 59 + 32769 * 1 0.5
00111111 63 32768 * 59 + 32831 * 1 32
01111111 127 32768 * 59 + 32895 * 1 64.6

TRIM_MODE = 0x1

Table 24-4 : Example of Oscillator Calibration Calculation with TRIM_MODE = 0x1

Binary TRIM[7:0] Compensation Value |Total Clock Cycle in 30 Seconds |[ppm]
10000000 -128 32768 * 29 + 32640 * 1 -130.2
11000000 -64 32768 * 29 + 32704 * 1 -65.1
11111111 -1 32768 * 29 + 32767 * 1 -1
00000000 0 32768 * 30 0.0
00000001 32768 * 29 + 32769 * 1 1
00111111 63 32768 * 29 + 32831 * 1 64.6
01111111 127 32768 * 29 + 32895 * 1 129.2
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TRIM_MODE = 0x2

Table 24-5 : Example of Oscillator Calibration Calculation with TRIM_MODE = 0x2

Binary TRIM[7:0] Compensation Value |Total Clock Cycle in 15 Seconds |[ppm]
10000000 -128 32768 * 14 + 32640 * 1 -2442
11000000 -64 32768 * 14+ 32704 * 1 -122
11111111 -1 32768 * 14 + 32767 * 1 -1.9
00000000 0 32768 * 15 0.0
00000001 32768 * 14 + 32769 * 1 1.9
00111111 63 32768 * 14 + 32831 * 1 120.2
01111111 127 32768 * 14 + 32895 * 1 242.2

TRIM_MODE = 0x3

Table 24-6 : Example of Oscillator Calibration Calculation with TRIM_MODE = 0x3

Binary TRIM[7:0] Compensation Value |Total Clock Cycle in 6 Seconds [ppm]
10000000 -128 32768 * 5 + 32640 * 1 -651
11000000 -64 32768 * 5 + 32704 * 1 -3255
11111111 -1 32768 *5 + 32767 *1 -5.1
00000000 0 32768*6 0.0
00000001 32768 * 5+ 32769 * 1 51
00111111 63 32768 *5 + 32831 *1 320.4
01111111 127 32768 * 5 + 32895 * 1 646

For a given target ppm value, TRIM and TRIM_MODE shall be calculated correctly to make the

actual ppm as close to the target as possible. It is also recommended that adjustments be

performed more frequently at smaller steps by selecting a higher TRIM_MODE setting

whenever possible.

The output signal VLD_ON_O is set to 1 for tunning the clock calibration. VLD_ON_O outputs a

high level for 6, 15, 30 or 60 seconds according to the VLD_MODE setting, which facilitates

timing measurements using an external reference clock.
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24.4.2 Tamper Detector

The tamper input pin can be used to monitor specific locations in the system. A change in the
state of the tamper input may indicate that a tamper event has occurred. The event to be
monitored can be configured as either input (rising or falling or double) edge(s) detection or
(high or low) level detection. In the case of level detection, the debounce circuit can filter out

pulses shorter than 6 milliseconds (the duration is configurable).
When tampering is detected, the backup system behaves as follows:

® Store the timestamp (year, month, date, hour, minute and second) into one of three sets
of registers. These registers always retain information about the last three tamper events,

which are accessible by the ARM core in normal power consumption mode.
® The maximum number of tamper events detected is 63.

® |If enabled, an interrupt request is sent to the CPU. In battery backup mode, the logic

circuits are powered down and therefore any interrupt requests are ignored.

24.4.3 Backup Register
The backup register is organized with 32 bits as one word, with a total space of 20 words.

It can be accessed by ARM CPU through APB interface.

24.5 Register Description
RTC register base address: 0x40B0_0000
The registers are listed below:

Table 24-7: List of RTC Registers

Offset Address | Name Description
0x00 RTC TIME RTC time register
0x04 RTC_DATE RTC date register
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Offset Address | Name Description
0x08 RTC_ACCESS RTC counter read-write control register
0x10 RTC_TRIM RTC calibration control register
O0x14 RTC_TEST RTC incremental debugging function register
0x20 RTC_ALM1TIME Alarm 1 time setting register
0x24 RTC_ALM1DATE Alarm 1 date setting register
0x28 RTC_ALM1EN Alarm 1 enable register
0x2C RTC_ALM2SETTING | Alarm 2 setting register
0x30 RTC_TAMPCTRL Tamper detector control and configuration register
0x34 RTC_TAMPCNT Tamper count record register
0x38 RTC_TAMP3TIME Third new tamper event timestamp register
0x3C RTC_TAMP3DATE | Third new tamper event datestamp register
0x40 RTC_TAMP2TIME Second new tamper event timestamp register
Ox44 RTC_TAMP2DATE | Second new tamper event datestamp register
0x48 RTC_TAMP1TIME Latest tamper event timestamp register
0x4C RTC_TAMP1DATE Latest tamper event datestamp register
0x50 RTC_INTEN RTC interrupt enable register
0x54 RTC_INTRAW RTC raw interrupt status register
0x58 RTC_INTSTA RTC interrupt valid status register
0x5C RTC_INTCLR RTC interrupt status clear register
0x60 RTC_BKREGO
Ox64 RTC_BKREG1

Backup register, 20 words or 80 bytes in total
OxAC RTC_BKREG19

Note: Since all registers of RTC are in the system low-speed (32 kHz) clock domain, reading or

writing any register requires two low-speed clock cycles.

24.5.1

Offset address: 0x00

Reset value: 0x0000 0000

RTC Time Register (RTC_TIME)

Bit Name Attribute | Reset Value | Description
Setting of hour format:
31 HOUR12_24 | R/IW 0x0 0: 12-hour format
1: 24-hour format
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Bit Name Attribute | Reset Value | Description

30 RSV - - Reserved
In the 12-hour format, H20_PA indicates
AM or PM.
0: AM

29 H20_PA R/W 0x0 1:PM

In the 24-hour format, H20_PA
represents the hour of 20 plus.

For details, please refer to section
23.4.1.3, “Hour Format”.

The value of HOUR19 is encoded in BCD
(binary-coded decimal) format. The hour
format depends on HOUR12_24.

In 12-hour format, when [H20_PA,
HOUR19] counts from [1, 0x11] (11:00
28: 24 | HOUR19 R/W 0x0 p.m.) to [0, 0x12] (12:00 a.m.), the day
counter will be incremented.

In 24-hour format, when [H20_PA,
HOUR19] counts from [1, 3] (23:00) to [0,
0] (00:00), the day counter will be

incremented.

23 RSV - - Reserved

The value of the minute counter is
encoded in BCD format, within the range
22:16 | MINUTE R/W 0x0 from 0x00 to 0x59. When it counts from
0x59 to 0x00, the hour counter will

increment.

15 RSV - - Reserved

The value of the second counter is
encoded in BCD format, within the range
14:8 | SECOND R/W 0x0 from 0x00 to 0x59. When it counts from
0x59 to 0x00, the minute counter will

increment.

The value of the centisecond counter is
encoded in BCD format, within the range
7:0 CENTISEC R 0x0 from 0x00 to 0x99. When it counts from

0x99 to 0x00, the second counter will

increment.
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Notes:

1. The RTC_ACCESS register shall be written before and after reading and writing this

register.

2. Invalid time value written to RTC_TIME will be ignored. The validity of values written to the

HOUR, MINUTE and SECOND registers is judged separately, and an invalid write to one

register will not affect the writing of valid values to the other registers.

24.5.2 RTC Date Register (RTC_DATE)

Offset address: 0x04

Reset value: 0x8001 0106

Bit

Name

Attribute

Reset Value

Description

31

CENTURY

R/W

0x1

Century counter When it becomes 0, it will
no longer increment with the year counter.
0: 2100s to 2300s (22nd to 24th century)
1: 2000s (21st century)

30

RSV

Reserved

29:22

YEAR

R/W

0x0

This register represents the last two digits
of the decimal year. This value is encoded
in BCD format, within the range from 0x00
to 0x99. When the year counter counts
from 0x99 to 0x00, the century counter will
become 0. When CENTURY =0, the years
04, 08, ..., 92 and 96 are leap years, while
the year 00 is a non-leap year.

When CENTURY = 1, the years 00, 04,

08, ..., 92 and 96 are leap years.

21

RSV

Reserved

20:16

MONTH

R/W

0x1

The value of the month counter is encoded
in BCD format, within the range from 0x1
to 0x12. When it counts from 0x12 to 0x1,

the year counter will increment.

15:14

RSV

Reserved
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Bit

Name

Attribute

Reset Value

Description

13:8

DAY

R/W

0x1

The value of the day counter is encoded in
BCD format, within the range from:

0x1 to 0x31, in January, March, May, July,
August, October and December.

0x1 to 0x30, in April, June, September and
November.

0x1 to 0x29, in February of a leap year.

0x1 to 0x28, in February of a normal year.
When the day counter counts from the end
of the month to 0x1, the month counter

will be incremented.

7:3

RSV

Reserved

2:0

WEEK

R/W

0x6

The week counter ranges from 0 to 6.
Wherein, 0 means Sunday, 1 means
Monday, and so on.

The relationship between the week counter

and the date is user-defined.

Notes:

1. The RTC_ACCESS register shall be written

register.

before and after reading and writing this

2. Invalid date values (combination of date and month) written to RTC_DATE will be ignored.

24.5.3 RTC Counter Read-write Control Register (RTC_ACCESS)

Offset address: 0x08

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description

31:4 | RSV - 0x0 Reserved
Writing 1 to this bit indicates that CPU has
finished writing to the RTC_TIME and

3 WRSTP | W 0x0 RTC_DATE registers.
After this bit is written with 1, the CENTISEC
counter will continue to count.
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Bit

Name

Attribute

Reset Value

Description

WRSTA | W

0x0

Writing 1 to this bit indicates that CPU has
started writing to the RTC_TIME and RTC_DATE
registers.

After this bit is written with 1, the CENTISEC
counter will retain its written value until 1 is
written to WRSTP.

RDSTP | W

0x0

Writing 1 to this register indicates that CPU has
finished reading from the RTC_TIME and
RTC_DATE registers.

After this bit is written with 1, the shadow
registers RTC_TIME and RTC_DATE will latch

the values of the time and date counters.

RDSTA | W

0x0

Writing 1 to this register indicates that CPU has
started reading from the RTC_TIME and
RTC_DATE registers.

After this bit is written with 1, the shadow
registers RTC_TIME and RTC_DATE will
continuously change with the time and date

counters.

24.5.4 RTC Calibration Control Register (RTC_TRIM)

Offset address: 0x10

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31:14

RSV

0x0

Reserved

13

VLD_EN

R/W

0x0

Validation enable:
0: Validation disabled
1: Validation enabled; the VLD_ON_O

pulse is set periodically.

12:11

VLD_MODE

R/W

0x0

Setting of validation duration for
VLD_ON_O:

0: VLD_ON_O remains high for 60 s.
1: VLD_ON_O remains high for 30 s.
2: VLD_ON_O remains high for 15 s.
3: VLD_ON_O remains high for 6 s.
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Bit

Name

Attribute

Reset Value

Description

10

TRIM_EN

R/W

0x0

Calibration enable:
0: Calibration disabled
1: Calibration enabled

9:8

TRIM_MODE

R/W

0x0

Calibration frequency setting:
0: Once every 60 s
1: Once every 30 s
2:Once every 15s

3:Onceevery 6s

7:0

TRIM_VALUE

R/W

0x0

Signed compensation constant,

indicating the compensation amount

used to align the clock error.

24.5.5 RTC Counter Increment Function Test Register (RTC_TEST)

The increment function of RTC counter is used for testing or debugging.

Offset address: 0x14

Reset value: 0x0000 0000

Bit

Name

Attribute

Reset Value

Description

31

TEST_EN

R/W

0x0

Increment function enable:
0: Normal operation, with increment
function disabled

1: Increment function enabled

30:5

RSV

0x0

Reserved

MON_CNT_UP

0x0

Month counter increment enable:
0: No action
1: Both the month counter and the second

counter are incremented.

DAY_CNT_UP

0x0

Day counter increment enable:
0: No action
1: Both the day counter and the second

counter are incremented.

HR_CNT_UP

0x0

Hour counter increment enable:
0: No action
1: Both the hour counter and the second

counter are incremented.
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Bit | Name Attribute | Reset Value | Description
Minute counter increment enable:
1 MIN_CNT_UP | W 0x0 0:No action
1: Both the minute counter and the second
counter are incremented.
Second counter increment enable:
0 SEC CNT_UP | W 0x0 0: No action
1: The second counter is incremented.
Notes:

24,

The RTC_TEST[31] bit must be set to 1 before setting any other increment function bits.
When the RTC_TEST[31] bit switches from 0 to 1, any simultaneous write operation to

other increment function bits will be invalid.

Every time the increment function is enabled, the second counter will count up. If multiple
increment bits are set in a single write operation, the second counter will still increment

by 1.

If the time or date counters generate a carry during incrementing, it will cause a

cascading increment of the higher-level counters.

If the day counter increments, the week counter will also increment. However, if the
month counter increments while the day counter does not increment, the week counter

will remain unchanged.

5.6 Alarm 1 Time Setting Register (RTC_ALM1TIME)

Offset address: 0x20

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

Hour format setting for alarm 1:
31 ALM1_HOUR12_24 | R/W 0x0 0: 12-hour format

1: 24-hour format
30 RSV - 0x0 Reserved
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Bit Name Attribute | Reset Value | Description

29 ALM1_H20_PA R/W 0x0 Hour setting for alarm 1:

28:24 | ALM1_HOUR19 R/W 0x0 The hour format follows the setting
of ALM1_HOUR12_24.

23 RSV - 0x0 Reserved

22:16 | ALM1_MINUTE R/W 0x0 Minute setting for alarm 1

15 RSV - 0x0 Reserved

14:8 ALM1_SECOND R/W 0x0 Second setting for alarm 1

7:0 ALM1_CENTISEC R/W 0x0 Centisecond setting for alarm 1

24.5.7 Alarm 1 Date Setting Register (RTC_ALM1DATE)

Offset address: 0x24

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:30 RSV - 0x0 Reserved

29:22 ALM1_YEAR R/W 0x0 Year setting for alarm 1

21 RSV - 0x0 Reserved

20:16 ALM1_MONTH | R/W 0x0 Month setting for alarm 1

15:14 RSV - 0x0 Reserved

13:8 ALM1_DAY R/W 0x0 Date setting for alarm 1

7:3 RSV = 0x0 Reserved

2:0 ALM1 _WEEK R/W 0x0 Week setting for alarm 1
24.5.8 Alarm 1 Setting Enable Register (RTC_ALM1EN)

Offset address: 0x28

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
Alarm 1 enable:
31 ALM1_EN R/W 0x0 0: Alarm 1 disabled
1: Alarm 1 enabled
30:8 | RSV - 0x0 Reserved
Year condition control bit for alarm 1:
7 ALM1_EN_YEAR | R/W 0x0 0: Condition not applied
1: Condition applied
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Bit

Name

Attribute

Reset Value

Description

ALM1_EN_MON

R/W

0x0

Month condition control bit for alarm 1:
0: Condition not applied
1: Condition applied

ALM1_EN_DAY

R/W

0x0

Date condition control bit for alarm 1:
0: Condition not applied
1: Condition applied

ALM1_EN_WEEK

R/W

0x0

Week condition control bit for alarm 1:
0: Condition not applied
1: Condition applied

ALM1_EN_HOUR

R/W

0x0

Hour condition control bit for alarm 1:
0: Condition not applied
1: Condition applied

ALM1_EN_MIN

R/W

0x0

Minute condition control bit for alarm 1:
0: Condition not applied
1: Condition applied

ALM1_EN_SEC

R/W

0x0

Second condition control bit for alarm 1:
0: Condition not applied
1: Condition applied

ALM1_EN_CS

R/W

0x0

Centisecond condition control bit for
alarm 1:

0: Condition not applied

1: Condition applied

24.5.9 Alarm 2 Setting Register (RTC_ALM2SETTING)

Offset address: 0x2C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value Description
Alarm 2 enable:
31 ALM2_EN R/W 0x0 0: Alarm 2 disabled
1: Alarm 2 enabled
30:4 | RSV - - Reserved
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Bit

Name

Attribute

Reset Value

Description

3:0

ALM2_SETTING

R/W

0x0

Alarm 2 interrupt output cycle:
: No output
:1s

:1/2s
:1/4s
:1/8s
:1/16s
:1/32s
:1/64 s
:1/128 s

21 min
Others: 1s

NV 00 N o0 g W N - O

24.5.10 Tamper Detector Control and Configuration Register

(RTC_TAMPCTRL)

Offset address: 0x30

Reset value: 0x0000 0030

Bit

Name

Attribute

Reset Value

Description

317

RSV

Reserved

TAMP_CNT_CLR

0x0

Clear bit of the tamper counter
Write 1 to this bit to clear the tamper
counter TAMP_CNT.

5:4

TAMP_DBNC

R/W

0x3

Debounce time for TAMPER_IN:
0: No debounce

1:2ms

2:4ms

3:6ms

3:1

TAMP_EDGE

R/W

0x0

Events to be detected on the
TAMPER_IN pin:

0: Rising edge

1: Falling edge

2: Both edges

3: High level lasting longer than the
set value of TAMP_DBNC

4: Low level lasting longer than the set
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Bit

Name

Attribute

Reset Value

Description

value of TAMP_DBNC
Others: Tamper detector disabled

TAMP_EN

R/W

0x0

Tamper detector enable bit for the
TAMPER_IN pin:
0: Tamper detector disabled

1: Tamper detector enabled

24.5.11 Tamper Count Record Register (RTC_TAMPCNT)

Offset address: 0x34

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:6 | RSV - 0x0 Reserved
Tamper event counter:
0x00: No tamper event
5.0 | TAMP_CNT R 0x0
0x01-0x3E: Number of tamper events
0x3F: 63 or more tamper events

24512 Third New Tamper Event Timestamp Register
(RTC_TAMP3TIME)
Offset address: 0x38
Reset value: 0x0000 0000
Bit Name Attribute | Reset Value | Description
31:30 | RSV - 0x0 Reserved
29 TAMP3_H20 PA | R 0x0 Hour of the third new tamper event
The hour format follows the setting
28:24 | TAMP3_HOUR19 | R 0x0
of HOUR12_24.
23 RSV - 0x0 Reserved
22:16 | TAMP3_MINUTE | R 0x0 Minute of the third new tamper event
15 RSV - 0x0 Reserved
Second of the third new tamper
14:8 | TAMP3_SECOND | R 0x0
event
7:0 RSV - 0x0 Reserved
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24513 Third New Tamper Event Datestamp Register
(RTC_TAMP3DATE)

Offset address: 0x3C

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description

31:30 | RSV - 0x0 Reserved

29:22 | TAMP3_YEAR R 0x0 Year of the third new tamper event
21 RSV - 0x0 Reserved

20:16 | TAMP3_MONTH | R 0x0 Month of the third new tamper event
15:14 | RSV - 0x0 Reserved

13:8 | TAMP3_DAY R 0x0 Date of the third new tamper event
7:0 RSV - 0x0 Reserved

24514 Second New Tamper Event Timestamp Register
(RTC_TAMP2TIME)

Offset address: 0x40

Reset value: 0x0000 0000

Bit Name Attribute | Reset Value | Description
31:30 | RSV - 0x0 Reserved
29 TAMP2_H20 PA | R 0x0 Hour of the second new tamper event

The hour format follows the setting
of HOUR12_24.
23 RSV - 0x0 Reserved

Minute of the second new tamper

28:24 | TAMP2_HOUR19 | R 0x0

22:16 | TAMP2_MINUTE | R 0x0
event
15 RSV - 0x0 Reserved
Second of the second new tamper
14:8 | TAMP2_SECOND | R 0x0
event
7:0 RSV - 0x0 Reserved
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24515 Second New Tamper Event Datestamp Register
(RTC_TAMP2DATE)
Offset address: Ox44
Reset value: 0x0000 0000
Bit Name Attribute | Reset Value | Description
31:30 | -- I 0x0 Reserved
29:22 | TAMP2_YEAR R 0x0 Year of the second new tamper event
21 -- I 0x0 Reserved
Month of the second new tamper
20:16 | TAMP2_MONTH | R 0x0
event
15:14 | —- I 0x0 Reserved
Date of the second new tamper
13:8 | TAMP2_DAY R 0x0
event
7:0 -- I 0x0 Reserved
24.5.16 Latest Tamper Event Timestamp Register
(RTC_TAMP1TIME)
Offset address: 0x48
Reset value: 0x0000 0000
Bit Name Attribute | Reset Value | Description
31:30 | RSV - 0x0 Reserved
29 TAMP1_H20_PA R 0x0 Hour of the latest tamper event
The hour format follows the setting
28:24 | TAMP1_HOUR19 | R 0x0
of HOUR12_24.
23 RSV - 0x0 Reserved
22:16 | TAMP1_MINUTE | R 0x0 Minute of the latest tamper event
15 RSV - 0x0 Reserved
14:8 | TAMP1_SECOND | R 0x0 Second of the latest tamper event
7:0 RSV - 0x0 Reserved
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24.5.17 Latest Tamper Event Datestamp Register
(RTC_TAMP1DATE)
Offset address: 0x4C
Reset value: 0x0000 0000
Bit Name Attribute | Reset Value | Description
31:30 RSV - 0x0 Reserved
29:22 TAMP1_YEAR R 0x0 Year of the latest tamper event
21 RSV - 0x0 Reserved
20:16 TAMP1_MONTH | R 0x0 Month of the latest tamper event
15:14 RSV - 0x0 Reserved
13:8 TAMP1_DAY R 0x0 Date of the latest tamper event
7:0 RSV - 0x0 Reserved

24.5.18 RTC Interrupt Request Enable Register (RTC_INTEN)

Offset address: 0x50

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

31:3 | RSV = 0x0 Reserved
Tamper interrupt request enable:

2 TAMP_INT_EN | R/'W 0x0 0: Tamper interrupt request disabled
1: Tamper interrupt request enabled
Alarm 2 interrupt request enable:

1 ALM2_INT_EN | R/'W 0x0 0: Alarm 2 interrupt request disabled
1: Alarm 2 interrupt request enabled
Alarm 1 interrupt request enable:

0 ALMT_INT_EN | R/'W 0x0 0: Alarm 1 interrupt request disabled
1: Alarm 1 interrupt request enabled

24,519 RTC Raw Interrupt Status Register (RTC_INTRAW)

Offset address: 0x54

Reset value: 0x0000 0000
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Bit Name Attribute | Reset Value | Description
31:3 RSV - 0x0 Reserved

Tamper raw interrupt status:
2 TAMP_INT_RAW | R 0x0 0: Not triggered

1: Triggered

Alarm 2 raw interrupt status:
1 ALM2_INT_ RAW | R 0x0 0: Not triggered

1: Triggered

Alarm 1 raw interrupt status:
0 ALM1_INT_RAW | R 0x0 0: Not triggered

1: Triggered

24.5.20 Interrupt Status Register after RTC Enable (RTC_INTSTA)

Offset address: 0x58

Reset value: 0x0000 0000

1: Triggered

Bit | Name Attribute | Reset Value | Description
31:3 | RSV - 0x0 Reserved

Interrupt status after tamper is enabled:
2 TAMP_INT_STA | R 0x0 0: Not triggered

1: Triggered

Interrupt status after alarm 2 is enabled:
1 ALM2_INT_STA | R 0x0 0: Not triggered

1: Triggered

Interrupt status after alarm 1 is enabled:
0 ALM1_INT_STA | R 0x0 0: Not triggered

24.5.21 RTC Interrupt Status Clear Register (RTC_INTCLR)

Offset address: 0x5C

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description
31:3 | RSV - 0x0 Reserved
Tamper interrupt status clear:
2 TAMP_INT_CLR | W 0x0
0: No action
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Bit | Name Attribute | Reset Value | Description

1: Tamper interrupt status cleared

Alarm 2 interrupt status clear:
1 ALM2_INT_CLR | W 0x0 0: No action

1: Alarm 2 interrupt status cleared

Alarm 1 interrupt status clear:
0 ALM1_INT_CLR | W 0x0 0: No action

1: Alarm 1 interrupt status cleared

24.5.22 Backup Register (RTC_BKREG_n)

Backup register: 20 words (i.e., 80 bytes) in total
Offset address: 0x60 + 0x4 x n, whereinn=0, 1, ..., 19

Reset value: 0x0000 0000

Bit Name Attribute Reset Value | Description
31:0 BKREG_n R/W 0x0 Backup registern (n=0,1, ..., 19)

24.6 Operation Procedure

24.6.1 RTC Clock Enabling

1. Write OxABCD to the PMU_CPR register to enable its write operation.
2. Configure PMU_FCCR[6] to enable the RTC controller clock.

3. Configure PMU_FRCR[6] to release the RTC controller reset.

4. Configure PMU_SASR[0] to set the external VBAT power supply (that is, select the

external VBAT power supply).

5. Write Ox459E to the PMU_CPR register to end its write operation.

24.6.2 RTC Time Reading

1. Enable the RTC clock.
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2.

Start initializing the RTC date and time by writing Ox4 to the RTC_ACCESS register to

enable RTC write access.

Write the date and time to the RTC_DATA and RTC_TIME registers.

End the initialization of the RTC date and time by writing 0x8 to the RTC_ACCESS register

to finish RTC writing.

Write 0x1 to the RTC_ACCESS register to update the date and time.

Write 0x2 to the RTC_ACCESS register to save the current date and time.

Read the RTC_DATA and RTC_TIME registers to obtain the date and time.

24.6.3 RTC Alarm 1 Setting

1.

Enable the RTC clock.

Start initializing the RTC date and time by writing Ox4 to the RTC_ACCESS register to

enable RTC write access.
Write the date and time to the RTC_DATA and RTC_TIME registers.

End the initialization of the RTC date and time by writing 0x8 to the RTC_ACCESS register

to finish RTC writing.

Set the alarm 1 timing by writing the date and time to the RTC_ALM1DATE and

RTC_ALM1TIME registers.

Initialize the alarm 1 interrupt by configuring RTC_INTEN[O] to enable the alarm 1

interrupt.

Enable the corresponding condition application bit in the RTC_ALM1EN register by

configuring RTC_ALM1EN[31] to enable alarm 1.
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24.6.4 RTC Alarm 2 Setting

1.

Enable the RTC clock.

Start initializing the RTC date and time by writing Ox4 to the RTC_ACCESS register to

enable RTC write access.
Write the date and time to the RTC_DATA and RTC_TIME registers.

End the initialization of the RTC date and time by writing 0x8 to the RTC_ACCESS register

to finish RTC writing.
Configure RTC_ALM2SETTING[3:0] to set the interrupt output period for alarm 2.

Initialize the alarm 2 interrupt by configuring RTC_INTEN[1] to enable the alarm 2

interrupt.

Configure RTC_ALM2SETTING[31] to enable alarm 2.

24.6.5 RTC Backup Register

Write OxABCD to the PMU_CPR register to enable its write operation.

Configure PMU_SASR[0] to set the external VBAT power supply (that is, select the

external VBAT power supply).
Write 0x459E to the PMU_CPR register to end its write operation.

Write data to the RTC_BKREGnN registers (one backup register stores 4 bytes, totaling 80

bytes).

With the external VBAT power supply connected, VDDH is powered off first and then re-
powered on to read the backup register again, which is consistent with that before power

off.
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24.6.6 RTC Tamper Detection

1. Configure GPIOC13 pin as an input.

2. Write OXABCD to the PMU_CPR register to enable its write operation.

3. Configure PMU_PDWKCR[3] to set the RTC_TAMPER wakeup event to active.
4. Write 0x459E to the PMU_CPR register to end its write operation.

5. Enable the RTC clock.

6. Start initializing the RTC date and time by writing 0x4 to the RTC_ACCESS register to

enable RTC write access.
7. Write the date and time to the RTC_DATA and RTC_TIME registers.

8. End the initialization of the RTC date and time by writing 0x8 to the RTC_ACCESS register

to finish RTC writing.
9. Configure RTC_TAMPCTRL[3:1] to set the levels of the TAMPER_IN pin to be monitored.
10. Set RTC_TAMPCTRL[6] to 1 to clear the tamper counter value.
11. Set RTC_INTEN[2] to 1 to enable the tamper interrupt.

12. Set RTC_TAMPCTRLI[O] to 1 to enable the tamper detection.

24.6.7 RTC Tamper Counter Value Clearing

Set RTC_TAMP_CTRL[é] to 1 to clear the tamper counter value.

24.6.8 RTC Calibration

1. Enable the RTC clock.

2. Start initializing the RTC date and time by writing 0x4 to the RTC_ACCESS register to

enable RTC write access.
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3.

6.

Write the date and time to the RTC_DATA and RTC_TIME registers.

End the initialization of the RTC date and time by writing 0x8 to the RTC_ACCESS register

to finish RTC writing.

Configure RTC_TRIM[9:8] and RTC_TRIM[7:0] to set the calibration frequency and

compensation constant, and set RTC_TRIM[10] to 1 to enable the calibration function.

Configure PC5 to alternate function 0, which can output a parity level.

24.6.9 RTC Increment Test

Enable the RTC clock.

Clear the RTC_TEST register and configure it to increment the corresponding counter.

Write 0x1 to the RTC_ACCESS register to update the date and time.

Write 0x2 to the RTC_ACCESS register to save the current date and time.

Read the RTC_DATA and RTC_TIME registers to obtain the date and time.

Repeat steps 2 to 5 to observe the corresponding counter increment.
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25 CAN Bus Controller (CAN)

25.1 Overview

The CAN controller being compliant with CAN2.0A/B protocol can be used in the fields of

automotive electronics and industrial control.

25.2 Main Features

® |In compliant with CAN2.0A/B protocol
® Supporting CAN format

® Up to 8 bytes data frame

® Upto 1 Mbpsin CAN2.0B

® 64-byte RX FIFO

® 16-byte TXFIFO

® Transmission stop available

® Readable error counter

25.3 Pin Description

Table 25-1: CAN Pin Description

Function Pin Alternate Function Pin Direction Functional Description
CANO_TX PA12, PB9, PD1 Output Transmitting data
CANO_RX PA11, PB8, PDO Input Receiving data
CAN1_TX PBé6, PB13 Output Transmitting data
CAN1_RX PB5, PB12 Input Receiving data
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25.4 Functional Description

25.41 Standard Frame Memory Buffer Layout

Messages to be transmitted/received are stored in the transmit/receive buffer, where the
transmit buffer can hold one message at a time, while the receive FIFO buffer can hold

multiple messages.

The memory address cannot be used directly and can only be accessed indirectly through the
TXBUFn and RXBUFn registers. The layout of the transmit/receive buffers for a standard

frame is as follows:

Table 25-2: Standard Frame Transmit/Receive Buffer Layout Diagram

offset daﬂs Standard Frame buffer content furTIﬁAM

0x000 7:0 FF RTR X0 X0 DLC3 DLc2 DLC1 DLCO
15:8 D10 D% D& D7 D6 D5 D4 D3
23:16 D2 D1 D0 X/RTR %/0 X0 X0 %0
31:24 data 1 (DLC<1 then free)

0x001 7:0 data 2 (DLC<2 then free)
15:8 data 3 (DLC<3 then free)
23:16 data 4 (DLC<4 then free)
31:24 data 5 (DLC<5 then free)

0x002 7:0 data 6 (DLC<6 then free)
15:8 data 7 (DLC<T then free)
23:16 data 8 (DLC<8 then free)
31:24 free

Notes:

FF (frame format): 1 for extended frame, 0 for standard frame

RTR (remote transmission request bit): 1 for remote frame, 0 for data frame
X: ignored

DLC: Data length code

ID: CAN identifier

Data (1...8): Data bytes (7-MSB, 0-LSB)
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25.4.2 Extended Frame Memory Buffer Layout

Table 25-3: Extended Frame Memory Buffer Layout Diagram

offset | data bits Extended Frame buffer content for TX/RX RAM

0x000 7:0 FF RTR X/0 X/0 DLC3 DLC2 DLC1 DLCO
15:8 D28 D27 D26 D25 D24 ID23 D22 ID21
23:16 1020 D19 1015 D17 ID16 ID15 D14 D13
31:24 D12 D11 1010 1D9 ID8 ID7 D& ID5

0x001 7:0 D4 1D3 D2 101 DO ¥/RTR X0 X0
15:8 data 1 (DLC<1 then free)
2316 data 2 (DLC<2 then free)
31:24 data 3 (DLC<3 then free)

Ox002 70 data 4 (DLC<4 then free)
15:8 data 5 (DLC<5 then free)
23:16 data 6 [DLC<6 then free)
31:24 data 7 (DLC<7 then free)

0x003 7:0 data B (DLC<8 then free)
15:8 free
23:16 free
31:24 free

Notes:

FF (frame format): 1 for extended frame, 0 for standard frame

RTR (remote transmission request bit): 1 for remote frame, 0 for data frame
X: ignored

DLC: Data length code

ID: CAN identifier

Data (1...8): Data bytes (7-MSB, 0-LSB)

25.5 List of Registers

CANO register base address: 0x40E0_0000
CANT1 register base address: 0x40E0_1000
The registers are listed below:

Table 25-4: List of CAN Registers

Offset Address | Name Description
0x00 CAN_MR: mode register

0x00 CONFIGO 0x01 CAN_CMR: command register
0x02 CAN_SR: status register
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Offset Address | Name Description
0x03 CAN_ISR: interrupt status register
0x04 CAN_IMR: interrupt mask register
0x05 CAN_RMC: Receive data count register
0x04 CONFIG1
0x06 CAN_BTRO: bus timing register 0
0x07 CAN_BTR1: bus timing register 1
0x08 CAN_TXBUF TX buffer register
0x0C CAN_RXBUF RX buffer register
0x10 CAN_ACR RX filter match register
0x14 CAN_AMR RX filter mask register
0x18 CAN_ECC: error code capture register
0x19 CAN_RXERR: Receive error count register
0x18 ERRCR
Ox1A CAN_TXERR: Transmit error count register
0x1B CAN_ALC: arbitration lost capture register

25.5.1 Mode Register (CAN_MR (CONFIGO0[7:0]))

Offset address: 0x00

Reset value: 0x04

Bit | Name Attribute | Reset Value | Description
RX_FIFO pointer clear bit:
1: Reset the read-write pointer of RX_FIFO, after

7 | RXF_CLR | W 0
which this bit will automatically return to 0.

0: No change
6:3 | RSV - - Reserved

Reset mode set bit:

1: CAN works in reset mode.

0: CAN works in other modes.

No data transmission and reception are

2 RM R/W 1 performed in reset mode, which is used for
some hardware configurations (e.g. some
registers can only be written in reset mode).
After reset mode, it can enter listening mode or

normal mode.

Listening mode set bit:
1 LOM R/W 0 1:If RM =0, CAN enters listening mode*.
0: If RM =0, CAN enters normal mode.
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Bit | Name Attribute | Reset Value | Description

This bit can only be set in reset mode.

Hardware matching data selection bit:
1: Use single filter
0: Use double filters

This bit can only be set in reset mode.

0 | AFM R/W 0

Note*: In listening mode, the CAN controller will not answer to the CAN bus (no ACK response
will be sent) even if the message is successfully received. The error counter will stop at the
current value. Listening mode is mainly used for bit rate detection without interfering with

network traffic, and can also be used for the CAN bus analyzer.

25.5.2 Command Register (CAN_CMR (CONFIGO[15: 8]))

Offset address: 0x01

Reset value: 0x00

Bit | Name | Attribute | Reset Value | Description

7:3 | RSV - - Reserved

Transmit request setting bit:
2 TR W 0 1: Frame transmission enabled

0: Transmission disabled

Enable bit for aborting transmission:

1: Transmission aborting enabled

0: Transmission aborting disabled

Setting TR and AT at the same time can initiate a
single-transmission, and frame retransmission will
not be performed in the case of bus error or

1 AT W 0 arbitration lost. Aborting only works for frames that
are about to be transmitted, frames that have
already been sent cannot be aborted. If the
transmission is started by setting TR to 1 in the
previous command, it cannot be canceled by
setting TR bit to 0. In this case, the transmission can

be canceled by setting AT to 1.

0 RSV - - Reserved
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25.5.3 Status Register (CAN_SR (CONFIG0[23:16]))

Offset address: 0x02

Reset value: 0x20

Bit

Name

Attribute

Reset Value

Description

RBS

RX FIFIO status:
1: At least one message in FIFO

0: No message in FIFO

DSO

Data overflow status:

1: RX FIFO overflow triggers an interrupt (if
enabled).

0: No overflow has occurred since the last data

overflow clearing.

TBS

TX buffer status:

1: TX buffer can be written by CPU.

0: TX buffer is locked. A message is being sent or
waiting to be sent. If CPU tries to write to the TX
buffer in the locked state (TBS = 0), the written

data is not accepted.

RSV

Reserved

RS

RX status bit:
1: CAN is receiving.

0: CAN is not in receive state.

TS

TX status bit:
1: CAN is transmitting.

0: CAN is not in transmit state.

ES

Error status bit:
1: At least one CAN error counter reaches the
error warning limit of 96.

0: Normal status

BS

Bus status bit:

1. Off-line state The CAN controller is in reset
mode and the error warning interrupt is triggered
(if enabled). The transmit error counter is set to
127, and the receive error counter is set to 0. CAN
will remain in reset mode until CPU clears the RM
bit. After this operation, CAN will wait for the
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Bit

Name

Attribute

Reset Value

Description

occurrence of 128 bus idle signals (11 consecutive
recessive bits), and the transmit error counter will
count down. Then the BS bit is cleared, the error
counter is reset, and the error warning interrupt is
triggered (if enabled).

0: Normal state; frame transmission and reception

can be performed.

25.5.4

Offset address: 0x03

Reset value: 0x00

Interrupt Status Register (CAN_ISR (CONFIGO0[31:24]))

Bit

Name

Attribute

Reset Value

Description

7

RSV

Reserved

ALl

R/W

Arbitration lost interrupt status bit:

When an arbitration lost is detected during
message transmission and CAN becomes the
receiver, this bit can be set to read ALC register to
check which bit in the arbitration segment is lost,

and writing 1 clears this interrupt.

EWI

R/W

Error warning interrupt status bit:

This error warning interrupt bit is set when the ES
or BS bit in SR register changes. Therefore, it can
be used to detect if CAN enters or exits the bus-

off state. Write 1 to clear this interrupt.

EPI

R/W

Error passive interrupt status bit:

This bit is set when the CAN bus controller reaches
or exits the error passive level (i.e., the status
changes from active to passive or vice versa).

Write 1 to clear this interrupt.

RI

R/W

RX interrupt status bit:

CAN sets this bit to 1 when there is at least one
CAN frame data in RX FIFO. After reading the
message, CPU must write the Rl bit to 1 (message
read acknowledgment) to decrement the count of

RX message counter (RMC), which does not
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Bit

Name

Attribute

Reset Value

Description

automatically decrement.

Tl

R/W

TX interrupt status bit:

The TX interrupt bit is set upon successful
transmission. The write pointer can be reset to TX
RAM by clearing the Tl bit (via writing 1) before

writing a new data frame.

BEI

R/W

Bus error interrupt status bit:
Set BEI when CAN encounters a bus error in the
course of sending or receiving messages. Write 1

to clear this interrupt.

DOl

R/W

RX data overflow interrupt status bit:
DOl is set when an RX FIFO overflow occurs. Write

1 to clear this interrupt.

25.5.5

Offset address: 0x04

Reset value: 0x00

Interrupt Mask Register (CAN_IMR (CONFIG1[7:0]))

Bit

Name

Attribute

Reset Value

Description

7

RSV

Reserved

ALIM

R/W

Arbitration lost interrupt enable bit: enable the
CAN transmitter to trigger an interrupt when an
arbitration lost is detected during transmission
and it becomes a CAN receiver:

1: ALl enabled

0: ALI disabled

EWIM

R/W

Error warning interrupt enable bit: enable to
trigger an interrupt when the status of the BS
or ES bit of CAN_SR register changes:

1: EWI enabled

0: EWI disabled

EPIM

R/W

Error passive interrupt enable bit: enable to
trigger an interrupt when the CAN controller
enters or exits error passive mode:

1: EPI enabled

0: EPI disabled
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Bit

Name

Attribute

Reset Value

Description

RIM

R/W

RX interrupt enable bit:
1: Rl enabled
0: Rl disabled

TIM

R/W

TX interrupt enable bit:
1: Tl enabled
0: Tl disabled

BEIM

R/W

Bus error interrupt enable bit: enable to trigger
an interrupt when a bus error occurs during
CAN transmission or reception:

1: BEIl enabled

0: BEI disabled

DOIM

R/W

RX data overflow interrupt enable bit:
1: Dol enabled
0: Dol disabled

25.5.6 RX Data Bit Count Register (CAN_RMC (CONFIG1[15:8]))

Offset address: 0x05

Reset value: 0x00

Bit

Name

Attribute

Reset Value

Description

75

RSV

Reserved

4:0

RMC

Number of CAN frames in RX FIFO,

which can store up to 32 standard ID messages
(or 16 extended ID messages). The following
equation allows calculating the maximum

number of messages to be stored in RX FIFO:
64

n=
3 + data_length_code
Note: Here data_length_code is at least 1. If the

length of CAN data segment is 0, then

data_length_code = 1.
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25.5.7 Bus Timing Register (CAN_BTRO (CONFIG1[23:16]))

This register can only be written in reset mode and can be read in any mode.

Offset address: 0x06

Reset value: 0x00

Bit

Name

Attribute

Reset Value

Description

7:6

SJW

R/W

Synchronization jump width:

tsow = tscik X (2 x SIW.1 + SUIW.0 + 1)

In order to compensate the phase shift between
clock oscillators of different CAN bus controllers,
the bit period must be shortened or extended
accordingly. SJW defines the maximum number of
clock cycles for a resynchronization to change a
bit period. During resynchronization, the hardware
will synchronize with the received signal by adding
1+SIW tscik periods within the PBS1 segment, or
by subtracting 1 to (1+SJW) tscik periods within
the PBS2 segment.

5:0

BRP

R/W

Baud rate prescaler value:
tsak = 2 X tok X (32 x BRP.5+ 16 x BRP.4 + 8 x
BRP.3 + 4 x BRP.2 + 2 x BRP.1 + BRP.0 + 1)

Wherein, tok = 1 /fPCLK-

25.5.8 Bus Timing Register (CAN_BTR1 (CONFIG1[31:24]))

This register can only be written in reset mode and can be read in any mode.

Offset address: 0x07

Reset value: 0x00

Bit | Name | Attribute | Reset Value | Description
Bus level sampling number selection bit:
1: Sample the bus level three times (for
7 SAM R/W 0
medium/low-speed buses)
0: Sample the bus level once (for high-speed bus)
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Bit

Name

Attribute

Reset Value

Description

6:4

TSEG2

R/W

Number of clock cycles for time segment 2:
trseca = tscik X (4 x TSEG2.2 + 2 x TSEG2.1 +
TSEG2.0 + 1)

3:0

TSEG1

R/W

Number of clock cycles for time segment 1:
trseat = tsck X (8 X TSEG1.3 + 4 x TSEG1.2 + 2 x
TSEG1.1 + TSEG1.0 + 1)

The bit period structure of CAN is shown in the following diagram. Wherein, the

synchronization segment (SYNC SEG) is 1 x tsck, and the lengths of phase buffer segments 1

and 2 are determined by TSEG1 and TSEG2.

XTAL

CAN

l, e
> )

JuttutbuimiUviU gL

ﬂ Baud Rate Prescaler (BRP)

JutbutuyyuyL

re

Lsynesea

&
*

LrseGi

Lrseaz

inal bit time

| SYNC

SEG JTSEG ! |

Tﬁ EG? | SYNC

1 SEG

(N |

sample point(s)

Figure 25-1: Bit Period Structure of CAN

25.5.9 Transmit Buffer Register (CAN_TXBUF)

Offset address: 0x08

Reset value: 0x0000 0000

Bit | Name | Attribute | Reset Value | Description
The transmit buffer register is used to write the CAN
frames to be transmitted over the CAN network.

310 | TXBUF | w 0 Writing to this register performs automatic
increment of the internal write pointer. By
writing TI bit in ISR register, the write pointer can
be reset to the address Oh of the transmit memory.
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25.5.10 Receive Buffer Register (CAN_RXBUF)

Offset address: 0x0C

Reset value: uncertain

Bit | Name | Attribute | Reset Value | Description

The receive buffer register is used to read CAN
frames received from the CAN network.
31:0 | RXBUF | R Uncertain Reading this register will automatically

increment the read address pointer of the

internal FIFO (increment after reading).

After receiving a frame of CAN data, the format of data read by RXBUF register is as follows

(the length of databuf segment is determined by DLC segment, and the number is 0-8 bytes):

31 24 3 16 15 8 7 0
databuf[7:0] id[2:0] | rtr | 'bO id[10:3] ide| rtr | 2b0| dic 1% %
31 0
databuf{39:8] 2™
il 24 23 0
8bo databuf{63:40] 3"
CAN RX_FIFO for 11bits ID
3 24 3 16 15 87 0
id[12:5] id[20:13] id[28:21] ide | rtr |2bo]| dic 1% rx
31 8 7 0
databuf{230] id[4:0] | 1tr | 2'bO o
3 0
databuf[55:24] 3" x
3 87 0
24'b0 databuff63:56] at rx

CAN RX_FIFO for 29bits ID

Figure 25-2: RXBUF Register Data Format
After receiving a frame of CAN data, the RMC register count is increased by 1, and the CAN
controller will write data into RX FIFO one by one. RBS will be set when a 32-bit data is

written. After a frame of data is written, the Rl flag bit is set.
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25.5.11 RX Filter Match Register (CAN_ACR)

Offset address: 0x10

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

The RX filter match register contains the
arbitration bit of the message to be received,
31:0 | ACR3-0 | R/W 0 and the corresponding RX filter mask register
defines the bits to be compared and the

irrelevant bits.

25.5.12 RX Filter Mask Register (CAN_AMR)

Offset address: 0x14

Reset value: 0x0000 0000

Bit | Name Attribute | Reset Value | Description

The RX filter mask register defines the bits to
be compared and the irrelevant bits. Set the
31:0 | AMR3-0 | R/W 0 corresponding bit to 1 indicating not to

compare the corresponding bits in ACR

register.

Only when the identifier bit of the received message is equal to the predefined bit in the RX
filter can the RX filter in CAN controller pass the received message to RX FIFO. The RX filter
consists of a RX filter match register (ACR3: ACR0) and a RX filter mask register (AMR3:

AMRO). The AFM bit of the mode register can set single/double filters.

The bit formats corresponding to different filter settings and different arbitration lengths (11

bits in standard frame / 29 bits in extended frame) are as follows:
® In single filter configuration, the filter is 4 bytes long.

If the received data is in standard frame mode, the first two bytes (including the

arbitration bit, RTR bit, and data bits) can be received (the data byte is not necessarily
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received). All individual bit comparisons must be signaled to indicate successful reception

of the data.

MmsB LsB

MsSB LsB

MsSB LsB

msB

LsB

CAN ADDRESS 16; ACRO

CAN ADDRESS 17; ACR1

CAN ADDRESS 18; ACR2

CAN ADDRESS 19; ACR3

7]6[5[4[3]2[1]0

7[6[5[4]3[2]1]0
[N —

7[6[5[43[2]1]0

7]6][5[43[2]1]0

1l

CAN ADDRESS 20; AMRO

unused

CAN ADDRESS 21; AMR1

CAN ADDRESS 22 ; AMR2

CAN ADDRESS 23 ; AMR3

[6[5[4[3]2[1]

~

[6]5[4[3[2]1]0

7[6]5]4[3[2]1]0

7]6[5[4[3]2]1]0
%(_)

unused

7
8
a

HEHHBBEREEEE
Figure 25-3:

]

DB1.7
DB1.6
DB1.5
DB1.4
DB1.3
DB1.2
DB1.1
DB1.0

DB2.7
DB2.6
DB2.5
DB2.4
DB2.3
DB2.2
DB2.1
DB2.0

$ :

Bit Format Corresponding to Single Filter in Standard Frame

If the received data is in extended frame format, the arbitration bit and RTR bit will be

received. For bits not defined in the format, the filter will not perform comparisons.

MSB LSB

MSB LSB

MSB LsSB

MSB LsSB

CAN ADDRESS 16; ACRO

CAN ADDRESS 17; ACR1

CAN ADDRESS 18; ACR2

CAN ADDRESS 19; ACR3

7[6][5[4]3]2]1]0

7[6[5[43]2[1]0

7]6]5]4[3[2]1]0

Il

CAN ADDRESS 20; AMRO

7[6[5[4[3]2]1]0
\W_)

unused

CAN ADDRESS 21; AMR1

CAN ADDRESS 22 ; AMR2

CAN ADDRESS 23 ; AMR3

7]6[5]4[3[2]1]0

7]6[s5]4a]3[2]1]0

7]6]5]4 32710

7]6[5]4[3]2]1]0
[——]

unused

[02s |
D.27
10,26
1D.25
1024
D23
D.22
1021

1D.20
1D.19
1D.18
D17
1D.16

D14
1013

1015

|

ID.12
1D.10

0.9
0.8
0.7
0.6
0.5

0.1

It

|

0.3
0.2
0.1
0.0
RTR

Figure 25-4: Bit Format Corresponding to Single Filter in Extended Frame

In dual-filter configuration, two shorter filters are defined. The received data will be

compared against both filters to decide whether the data shall be stored into RX FIFO. If

at least one of the RX filters successfully matches, the received data will be stored in FIFO.

If the received data is in standard frame format, after receiving the data, it will be

compared with the ID (including the RTR bit) and the first received data byte of the first

filter, or with the ID (including the RTR bit) of the second filter.
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MSB LSB MSB LSB LSB
CAN ADDRESS 16; ACRO CA17; ACR1 CA17; ACR1 CA 19; ACR3
7165143 [2][1]0] (7][6]5]4 3210 [3[2[1]0
CAN ADDRESS 20; AMRO CA 21; AMR1 CA 21; AMR1 CA 23; AMR3
7[6[5 [4[3[2[1]0]| 7654 3[2[1]0][3[2][1]o0

~—
—

R

1D.27
1D.26
1D.25
1D.24
1D.23
1D.22

1D.19
1D.18

— 1D.28
—| 1D.21

—=| 1D.20
- RTR

l—

|

l

DB1.7
DB1.6
DB1.5
DB1.4

DB1.3
DB1.2
DB1.1
DB1.0

CAN ADDRESS 22; AMR2 CA 23; AMR3 CA = CAN Address
7 |6 [5 ‘4 |3 Iz |1 |0 7 |6 Is |4 ACR = Acceptance Code Register
ﬁ AMR = Acceptance Mask Register
CAN ADDRESS 18; ACR2 CA 19; ACR3
7]6[5[4]3[2[1]0] [7]6]5]4
msB LsSB

MSB

Figure 25-5: Bit Format Corresponding to Double Filters in Standard Frame

If the received data is in extended frame format, the two filters will only compare the first
two bytes of the extended identifier range. For successful reception, all bits of at least one

filter must be compared.

MSB
CAN ADDRESS 16; ACRO
7(6]|5[(4[3[2[1]0

LSB MSB LSB
CAN ADDRESS 17; ACR1

716(5[4(3[2]1]0

filter 1

CAN ADDRESS 20; AMRO
7]6[5[4[3[2][1]0

CAN ADDRESS 21; AMR1
716(5[4[3[2]1]0

FI&N|e |83 |8 |5 N e O B -
el cleje|z |
message )a |d|g|a|e|a|g|a d|d|d|d|d|g|a

— [D.20 |—

CAN ADDRESS 23; AMR3
7]6]5]4]3]2]1]0

CAN ADDRESS 22; AMR2
7]6]5]4[3]2][1]0

filter 2

CAN ADDRESS 18; ACR2
716[5[4]3[2]1]

CAN ADDRESS 19; ACR3
765 [4[3 210

MSB LSB AMR = Acceptance Mask Register

ACR = Acceptance Code Register

0
LsB

Figure 25-6: Bit Format Corresponding to Double Filters in Extended Frame
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25.5.13 Error Code Capture Register (CAN_ECC (ERRCR [7:0]))

The ECC read-only register holds the error code regarding the last bus error that occurred on

the CAN network. This register is read-only.

The CAN core will not update this register until the previous bus error is acknowledged (by

acknowledging the bus error interrupt).

Offset address: 0x18

Reset value: 0x00

Reset
Bit | Name | Attribute Description
Value
Set this bit to 1 when the RXERR counter value is
7 RXWRN | R 0
greater than or equal to 96.
Set this bit to 1 when the TXERR counter value is
6 TXWRN | R 0
greater than or equal to 96.
Direction of data transmission at the occurrence
of an error:
5 EDIR R 0
0: Transmitting
1: Receiving
4 ACKER | R 0 Set this bit to 1 when an ACK error occurs.
3 FRMER | R 0 Set this bit to 1 when a frame format error occurs.
2 CRCER | R 0 Set this bit to 1 when a CRC error occurs.
1 STFER | R 0 Set this bit to 1 when a padding error occurs.
0 BER R 0 Set this bit to 1 when a bit error occurs.

25.5.14 Receive Error Count Register (CAN_RXERR (ERRCR [15:8]))

Offset address: 0x19

Reset value: 0x00

Bit Name | Attribute | Reset Value | Description

Current value of the receive error counter. If a
7:0 RXERR | R 0 bus shutdown event occurs, the receive error

counter will be initialized to 0.
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25.5.15 Transmit Error Count Register (CAN_TXERR (ERRCR
[23:16]))

Offset address: Ox1A

Reset value: 0x00

Bit Name Attribute | Reset Value | Description

Lower 8 bits of the current value of transmit
error counter. If a bus-off event occurs, the
transmit error counter will be initialized to 127
7:0 TXERR R 0 to calculate the minimum protocol-defined
time (128 occurrences of the bus idle signal).
Reading TXERR during this time can obtain

information about the bus-off recovery state.

25.5.16 Arbitration Lost Capture Register (CAN_ALC (ERRCR
[31:24]))

The CAN controller is able to determine the exact in-frame location of the arbitration lost.
Immediately thereafter an “arbitration lost interrupt” will be generated. In addition, the
number of bits is captured in the arbitration lost capture register. Once the master controller
reads the contents of this register, the capture function will be activated for the next
arbitration lost. This feature allows CAN to monitor each CAN bus access. For diagnostics or

during system configuration, each case of unsuccessful arbitration can be determined.

Offset address: 0x1B

Reset value: 0x00

Bit Name Attribute Reset Value Description
7:5 RSV - - Reserved
4:0 ALC R 0 Arbitration lost position
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start of frame

'

‘ID.ZS‘IDJT‘ID2B|ID.25]ID.Z4‘ID.ZB‘ID.ZZ‘ID.21|ID.ZD]ID.19‘ID.15]5RTR| IDE ‘ >

standard frame and ‘
extended frame messages

00 01 02 03 04 05 06 07 08 09 10 11 12

exterded frame <—v‘ID.1?‘ID.1G‘ID.15‘ ID.14‘ID.13‘ID.12‘ ID.11 ‘ ID.10‘ ID.8 ‘ ID.B‘ ID.?‘ ID.G‘ ID.5\ IJA‘ ID.3 ‘ ID.Z‘ ID.1 ‘ ID.0 ‘ RTR‘

messages
13 14 15 16 17 18 19 20 219 22 23 24 25 26 27 28 20 30 A
Figure 25-7: Arbitration Lost Bit Interrupt Diagram
Table 25-5: ALC Register Description
L Decimal Value Description
ALC4 ALC3 ALC2 ALC1 ALCO

0 0 0 0 0 00 Arbitration lost in 1D28 / 10
0 0 0 0 1 01 Arbitration lost in ID27 /9
0 0 0 1 0 02 Arbitration lost in ID26 / 8
0 0 0 1 1 03 Arbitration lost in ID25 /7
0 0 1 0 0 04 Arbitration lostin ID24 / 6
0 0 1 0 1 05 Arbitration lostin ID23 /5
0 0 1 1 0 06 Arbitration lost in ID22 / 4
0 0 1 1 1 07 Arbitration lostin ID21 /3
0 1 0 0 0 08 Arbitration lost in ID20 / 2
0 1 0 0 1 09 Arbitration lostin ID19 / 1
0 1 0 1 0 10 Arbitration lostin ID18 /0
0 1 0 1 1 11 Arbitration lost in SRTR / RTR
0 1 1 0 0 12 Arbitration lost in IDE bit
0 1 1 0 1 13 Arbitration lost in ID17*
0 1 1 1 0 14 Arbitration lost in ID16*
0 1 1 1 1 15 Arbitration lost in ID15*
1 0 0 0 0 16 Arbitration lost in ID14*
1 0 0 0 1 17 Arbitration lost in ID13*
1 0 0 1 0 18 Arbitration lost in ID12*
1 0 0 1 1 19 Arbitration lost in ID11*
1 0 1 0 0 20 Arbitration lost in ID10*
1 0 1 0 1 21 Arbitration lost in ID9*
1 0 1 1 0 22 Arbitration lost in ID8*
1 0 1 1 1 23 Arbitration lost in ID7*
1 1 0 0 0 24 Arbitration lost in ID6*
1 1 0 0 1 25 Arbitration lost in ID5*
1 1 0 1 0 26 Arbitration lost in ID4*
1 1 0 1 1 27 Arbitration lost in ID3*
1 1 1 0 0 28 Arbitration lost in ID2*
1 1 1 0 1 29 Arbitration lost in ID1*
1 1 1 1 0 30 Arbitration lost in IDO*
1 1 1 1 1 31 Arbitration lost in RTR
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25.6 Operation Procedure

25.6.1 Transmitting CAN Data Frame

1. Turn on the CAN clock, release the reset, and multiplex the CAN function pins.

2. Configure the bus timing registers CAN_BTRO/CAN_BTR1.

3. Clear the error flag bit/interrupt flag bit in CAN_ISR register.

4. Configure the interrupt enable register CAN_IMR to enable Tl interrupt (optional).

5. Configure the mode register CAN_MR[1] to enter the normal mode.

6. Configure the TX buffer register CAN_TXBUF, write the contents of CAN data frames
according to the defined format in sequence, and write 32 bits of data at a time.

7. Configure the command register CAN_CMR[2] to start transmitting.

8. Wait for the status register CAN_SR[5] being set to 1 (if Tl interrupt is enabled, here the

trigger of Tl interrupt can be waited), then the data is transmitted.

25.6.2 Receiving CAN Data Frame

1. Turn on the CAN clock, release the reset, and multiplex the CAN function pins.

2. Configure the bus timing registers CAN_BTRO/CAN_BTR1.

3. Clear the error flag bit/interrupt flag bit in CAN_ISR register.

4. Configure the interrupt enable register CAN_IMR to enable Rl interrupt (optional).

5. Configure the RX filter and set CAN_MR[0] to 1 if a single filter is used. The CAN_ACR
register configures what the user needs to filter, and the CAN_AMR register selects the
bits that need to be compared with those of the CAN_ACR register. If no comparison is
required, all bits of the CAN_AMR register shall be set to 1.

6. Configure the mode register CAN_MR[1] to enter the normal mode.

7. Wait for the status register CAN_SR[7] being set to 1 (if Rl interrupt is enabled, here the
trigger of Rl interrupt can be waited), read the data in RX buffer register CAN_RXBUF

several times until all the data are retrieved.
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26 Inter-integrated Circuit (12C)

Interface

26.1 Overview

The purpose of the 12C module is to facilitate the read and write operations by CPU to the
slave devices connected on the 12C bus. When the CPU performs a write operation to the
slave device, it configures the configuration registers of the 12C module through the bus, then
sends control information and operands to the data communication registers of the 12C
module. After parsing the command, the 12C module transmits the data from its data channel
registers to the slave device via the 12C bus. Once the transmission is completed, the final
status is fed back to the CPU via an interrupt. The process for the CPU to read data from the

slave device is similar to that of the write operation.

26.2 Main Features

® Dual-line I2C serial interface

® Standard mode (100 Kb/s), fast mode (400 Kb/s) and fast mode+ (1 Mb/s)
® Master or slave mode

® 7/-bit or 10-bit addressing mode

® Transmission in 7-bit or 10-bit combined addressing modes

® Bulk transfer mode

® 8-byte transmit and receive buffers

® Interrupt and polling operations

® Bit and byte waiting at all speeds

® Programmable SDA hold time

® Bus clearing
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® DMA operation
® SMBus (system management bus) / PMBus (power management bus)
® SMBus slave detection and response to ARP commands

® Address resolution protocol (ARP)

26.3 Pin Description

Table 26-1: 12C Pin Description

Function Pin | Alternate Function Pin | Direction Functional Description
12C0O_SDA PB5, PB7, PB9 Input/output Data
12C0_SCL PBé, PB8 Input/output Clock
12C1_SDA PB11, PB12, PB15 Input/output Data
12C1_SCL PB10, PB14 Input/output Clock
12C2_SDA PA9, PC9, PD2 Input/output Data
12C2_SCL PA8, PC12 Input/output Clock

26.4 Functional Description

26.4.1 SMBus/ PMBus

SMBus is used to provide predictable communication lines between the system and its devices,

describing the device timeout definition and conditions thereof.

26.4.1.1 Bus Protocol

A typical SMBus features a set of commands by which data can be read and written. All
commands are one byte in length, but the length of their parameters and return values can
vary. According to the SMBus specification, the most significant bit (MSB) is transmitted first.
For a given device, there are 11 command protocols, including: Quick Command, Send Byte,
Receive Byte, Write Byte, Write Word, Read Byte, Read Word, Process Call, Block Read, Block

Write, and Block Write-Block Read Process Call.
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The SMBus protocol for message transactions is usually different from the 12C data transfer

commands, but it is still possible to program the SMBus master for I2C data transfer. The

following table describes the SMBus protocol generated by the TX FIFO command of 12C.

In SMBus master mode, all received data is available in RX FIFO. In SMBus slave mode, all bus

protocol command codes and data bytes will be placed in RX FIFO, and the data bytes of read

request must be sent using TX FIFO, similar to 12C mode.

Table 26-2: SMBus Protocol Usage Table

Required DATA CMD STOP
Protocol TXFIFO (I2C_DATA_CM | (I2C_DATA_ | (12C_DATA | Remarks
Commands | D[7:0]) CMDI[8]) _CMDI9])
Set bit 11
Quick ) )
1 Not applicable Set R/W. Setto 1. and bit 16 of
Command
I2C_TAR to 1.
Send Byte 1 Data byte Setto 0. Setto 1.
Receive Byte | 1 Not applicable Setto 1. Setto 1.
Command code | Setto 0. Set to 0.
Write Byte 2
Data byte Setto 0. Setto 1.
Command code | Set to 0. Set to 0.
Write Word | 3 Data byte low Setto 0. Set to 0.
Data byte high Set to 0. Setto 1.
Command code | Setto 0. Set to 0.
Read Byte 2
Not applicable Setto 1. Setto 1.
Command code | Setto 0. Set to 0.
Read Word 3 Not applicable Setto 1. Setto 0.
Not applicable Setto 1. Setto 1.
Command code | Setto 0. Set to 0.
Data byte low Set to 0. Set to 0.
Process Call |5 Data byte high Setto 0. Set to 0.
Not applicable Setto 1. Set to 0.
Not applicable Setto 1. Setto 1.
Command code | Setto 0. Set to 0.
Block Write | N+1 Data byte Setto 0. Set to 0.
N + 1) Data byte N | Set to 0. Setto 1.
Block Read N+1 Command code | Setto 0. Set to 0.
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Required DATA CMD STOP
Protocol TXFIFO (12C_DATA_CM | (12C_DATA_ | (1I2C_DATA | Remarks
Commands | D[7:0]) CMDI[8]) _CMDI[9])
Not applicable Setto 0. Set to 0.
N + 1) Not
Setto 0. Setto 1.
applicable
Command code | Setto 0. Setto 0.
Data byte 1 Setto 0. Set to 0.
M+ 1) Data byteM | Set to 0. Setto 0.
Block Write- M + 2) Not
Setto 1. Set to 0.
Block Read M+N+1 applicable
Process Call M + 3) Not
Setto 1. Setto 0.
applicable
M+ N + 1) Not
Setto 1. Setto 1.
applicable
[2C_TAR is set
SMBUS Host to SMBus
Notify 3 Data byte low Set to 0. Setto 0. master
Protocol address
(0001 000).

The 12C slave receives via the Quick command only if SMBUS_SLAVE_QUICK_CMD_EN of
I2C_CR is enabled. Whenever this bit is selected, the slave receives only the Quick command
and no other bus protocols. The 12C slave issues a SMBUS_QUICK_DET interrupt upon receipt

of the Quick command.

SMBus introduces a packet error checking mechanism by appending a PEC byte to the end of
the bus protocol. This can be accomplished by adding additional commands (PEC bytes) while

transmitting and by decoding them in software when receiving.

26.4.1.2 SMBus Address Resolution Protocol

SMBus slave address conflicts can be resolved by the master dynamically assigning a new

unique address to each slave device. This feature allows devices to be “hot-swapped”.
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SMBus introduces a 128-bit unique device ID (UDID) for each device in the system to isolate
each device for address assignment. The high 96 bits of the UDID are set to 0, while the low

32 bits are controlled by the [2C_SMBUS_ARP_UDID_LSB register.

The SMUBS_PERSISTANT_SLV_ADDR_EN bit in the IC_CR register is used to indicate whether

I2C supports persistent slave addresses.

The 12C master can issue generic and directed address resolution protocol (ARP) commands to

assign dynamic addresses to slaves in the SMBus system.

Table 26-3: Table of SMBus ARP Commands Derived via TxFIFO Commands in 12C

R Required Command/Data | CMD Bit STOP Bit
TXFIFO (I2C_DATA_CMD | (12C_DATA | (I2C_DATA | Remarks
Command
Commands | [7:0]) _CMD[8]) | _CMDI[9])
Command = 12C_TAR[6:0] is set to
Prepare . , Set to 0. Set to 0.
2 0000 0001 SMBus default
for ARP
PEC byte Set to 0. Setto 1. address (1100 001).
Reset Command = 12C_TAR[6:0] is set to
. , Set to 0. Set to 0.
device 2 0000 0010 SMBus default
(general) PEC byte Set to 0. Setto 1. address (1100 001).
Command = 1. 12C_TAR[6:0] is
Set to 0. Set to 0.
‘0000 00171’ set to SMBus
Not applicable Setto 1. Setto 0. default address
Not applicable Set to 1. Set to 0. (1100 001).
i 2. Perform 16 reads
Get UDID Not applicable Set to 1. Set to 0.
20 of the 128 UDID
(general)
bytes.
3. Thelastread
PEC byte Setto 1. Setto 1.
command
accesses the
slave address.

1. 12C_TAR[6:0] is
set to SMBus
default address

Assign Command =
20 Setto 0. Setto 0. (1100 001).
address ‘0000 0100’

2. Perform 16
writes of the 128
UDID bytes.
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R Required Command/Data | CMD Bit STOP Bit

TXFIFO (I2C_DATA_CMD | (I2C_DATA | (12C_DATA | Remarks
Command

Commands | [7:0]) _CMD[8]) | _CMDI[9])

3.  The last write
command
accesses the
slave address.

Byte count = 17 Set to 0. Setto 0.
UDID byte 15 Setto 0. Setto 0.
UDID byte 14 Setto 0. Setto 0. -
Assigned address | Setto 0. Setto 0.
PEC byte Set to 01. Setto 1.
Command = 1. 12C_TAR[6:0] is
. , Set to 0. Set to 0.
0000 0011 set to SMBus
{Slave default address
Set to 1. Set to 0.
address[6:0],1} (1100 001).
Not applicable Set to 1. Set to 0. 2. Perform 16 reads
Get UDID 19 fthe 128 UDID
i of the
(directed) Not applicable Set to 1. Set to 0.
bytes.
3. Thelast read
PEC byte Set to 1. Set to 1. command
accesses the
slave address.
Command =
Reset 12C_TAR[6:0] is set to
{slave Set to 0. Set to 0.
device 2 SMBus default
address[6:0],0}
(directed) address (1100 001).
PEC byte Setto 0. Setto 1.

26.41.3 Performing ARP in Master Mode

When 12C is used as a SMBus master, the following steps shall be performed to assign a

unique address to each slave device in order to resolve address conflicts:

1. After a reset or cold start, the SMBus master issues a “Prepare for ARP” command,
indicating that the master will perform ARP to allocate dynamic addresses for all devices.
The slave must refresh any pending master notification commands.

2. Upon receiving an ACK for the “Prepare to ARP” command, it indicates that there are
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10.

11.

devices in the system that support ARP. The master then issues a “Get UDID” command. A
NACK signifies that either there are no devices supporting ARP or that all slaves currently
have resolved addresses. In this case, the master must complete the operations outlined
in step 8.

The 12C master issues a “Get UDID” command to receive the UDID information from the
slave for dynamic address allocation.

If the first three bytes of the “Get UDID” command are ACKed and the received byte
count is 0x11, the master issues an “Assign Address” command. Otherwise, the master
must complete the operations described in step 8 to indicate that ARP has been
completed.

The master issues an “Assign Address” command to dynamically assign an address to the
slave corresponding to the UDID received via the “Get UDID” command.

If the assigned address packet is ACKed, the master will remove the assigned address
from the address pool and jump to step 3 to obtain the UDID of another slave device. If
the address packet is NACKed, the master will not remove this address from the address
pool and will then jump to step 3 to obtain the UDID of the same slave or another slave.

If the assigned address packet is ACKed, the master will store the assigned address along
with the UDID feature of the device in the used address pool.

The master jumps to step 3 to issue the “Get UDID” command again to receive the UDIDs
of other slaves. If a NACK is received for the “Get UDID,” the master jumps to step 9.

The 12C can switch to slave mode to detect requests from devices for master notification
protocols.

If the 12C switches to slave mode and detects the master notification protocol, indicating
that the slave is requesting a dynamic address, the master must perform ARP as
described in step 11.

If in master mode, jump to step 3 to perform ARP; otherwise, jump to step 12.
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12. The I2C switches to master mode and jumps to step 3 to perform ARP.

26.4.1.4 Performing ARP in Slave Mode

As a SMBus slave, the 12C performs the following tasks:

® Decode ARP commands and respond based on the internal status flags:

SMBUS_SLAVE_ADDR_VALID and SMBUS_SLAVE_ADDR_RESOLVED of the 12C register.
Generate and verify the PEC byte for ARP commands.
An ACK will be generated for the PEC byte only if it matches the CRC value calculated

from the received data. If not, NACK the PEC byte.

When another SMBus master on the bus issues an ARP command and the 12C device has

participated in ARP, the I2C as a slave performs the following operations:

1.

7.

After a reset or cold start, the 12C slave checks if it supports a persistent slave address
(PSA).

If the 12C has a PSA, it is indicated by the set address valid flag and set in the slave
address register (I2C_SAR). If the flag is not set, proceed to step 4.

The 12C persistent slave stores the persistent address in I2C_SAR and sets the address
valid flag to 1, with the address resolved flag set to 0.

The 12C non-persistent slave (non-PSA) clears the address valid and address resolved
flags.

The 12C checks the slave address field in the received packet for the ARP default address
to determine if it is an ARP command or a normal command. If it matches, proceed to step
6; otherwise, go to step 25.

If the 12C detects a packet sent to the SMBus device default address, it checks the
command field to determine if it is the “Prepare to ARP” command. If it is, proceed to step
7; otherwise, go to step 8.

Upon receiving the “Prepare to ARP” command, the 12C acknowledges the packet and

V1.9.1 Copyright © 2025 Unicmicro (Guangzhou) Co., Ltd. 460



UM324xF User Manual Inter-integrated Circuit (12C) Interface

10.

11.

12.

13.

14.

15.

clears the address resolved flag to participate in the ARP process. The 12C then continues
with step 5 and waits for another SMBus packet.

The 12C checks the command field to verify if the “Reset Device” command has been
issued. If it is, proceed to step 9; otherwise, go to step 10.

Upon receiving the “Reset Device” command, the 12C acknowledges the packet and clears
the address and address valid flags (if it is non-PSA, 12C_CR[19]=0). The 12C then
proceeds to step 5 and waits for another SMBus packet.

The device checks the command to verify if the “Assign Address” command has been
issued. If it is, proceed to step 11; otherwise, go to step 13.

Upon receiving the “Assign Address” command, the 12C compares its UDID with the
received bytes. If any byte does not match, the 12C will not acknowledge that byte and
subsequent bytes. If all bytes in the UDID match, the device proceeds to step 12;
otherwise, it goes to step 5 and waits for another SMBus packet.

After matching the UDID in step 11, DW_apb_i2c receives the slave address and uses it to
set the I2C_SAR register. The 12C sets its address valid and address resolved flags,
indicating it has received a dynamic address and will no longer respond to the “Get UDID”
command unless it receives a “Prepare to ARP” or “Reset Device” command. The 12C now
proceeds to step 5 and waits for another SMBus packet.

The 12C checks the command field to verify if the “Get UDID” command has been issued.
If it is, proceed to step 14; otherwise, go to step 19.

Upon receiving the “Get UDID” command, the 12C checks its address resolved flag to
determine if it must participate in the ARP process. If it is set, its address has been
resolved by the ARP master, so the device proceeds to step 5 and waits for another
SMBus packet. If the ARP flag has been cleared, proceed to step 15.

The 12C returns its UDID and monitors the SMBus data line for conflicts. If a conflict is

detected at any time, the 12C sets the SLV_ARB_LOST bit and stops the transmission. It
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16.

17.

18.

19.

20.

21.

22.

23.

24,

then continues with step 5 and waits for another SMBus packet. If no conflict is detected,
the 12C proceeds to step 16.

The 12C checks its address valid (AV) flag to determine the value to return to the device
slave address field. If the AV flag is set, proceed to step 17; otherwise, go to step 18.
When the AV flag is set, the current I12C_SAR is valid, so the device returns it to the device
slave address field while monitoring the SMBus data line for conflicts. The I12C continues
with step 5 and waits for another SMBus packet.

If the AV flag is not set, the current slave address (I2C_SAR) is invalid. The 12C returns a
value of FFh and monitors the SMBus data line for conflicts. If the ARP master receives a
value of FFh, the device requires address allocation. The 12C then continues with step 5
and waits for another SMBus packet.

The 12C may be receiving direct commands. If the address valid flag is set and the address
matches the one in 12C_SAR, proceed to step 20; otherwise, continue with step 5 to wait
for another SMBus packet.

If the address valid flag is set, check if the command is a “Reset Device” direct command.
If it is, proceed to step 21; otherwise, go to step 22.

Upon receiving the “Reset Device” command, the 12C acknowledges the packet and clears
the address resolved and address valid flags (if it is non-PSA, 12C_CR[19]=0). The 12C then
proceeds to step 5 and waits for another SMBus packet.

The 12C checks if the received command is a “Directed Get UDID” command. If so,
proceed to step 23 to return the UDID information; otherwise, go to step 24.

If the received command is a “Directed Get UDID” command, return the UDID information
along with the current slave address, then go to step 5 and wait for another SMBus
packet.

If the received command is not a “Directed Get UDID” command, the 12C has not received

a valid ARP command, so it will NACK the command and continue wi