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N32H760 Datasheet

The N32H760 series uses an ARM Cortex-M7 core, running at frequencies up to 600MHz, supporting double-precision
floating-point operations and DSP instructions. It features (2/4MB) on-chip FLASH, integrates up to 1504KB of SRAM
(including 1024KB TCM SRAM and 480KB SRAM) + 4KB Backup SRAM. It includes 3 12-bit SMsps ADCs, 4 high-
speed comparators, 4 12-bit DACs, and integrates multiple high-speed communication interfaces: U(S)ART, I12C, xSPI, SPI,
USBFS Dual Role, CAN-FD, SDRAM, FEMC, SDMMC, and 10/100 Ethernet.

The series supports digital camera interface (DVP), TFT-LCD graphical interface, JPEG hardware codec and GPU. It
features a built-in high-performance encryption algorithm hardware acceleration engine, supporting AES/TDES, SHA, SM4
algorithms, TRNG true random number generator, and CRC8/16/32. It supports up to 114 GPIOs, and is available in
TFBGA100, LQFP100, and LQFP144 packages.

Key Features

Core CPU
— 32-bit ARM Cortex-M7 core, double-precision floating-point unit, supports DSP instructions and MPU
— Built-in 32KB instruction Cache and 32KB data Cache with ECC
— Maximum frequency 600MHz, 1284 DMIPS
Encrypted Memory
— On-chip Flash (2/4MB), supports encrypted storage and automatic program decryption during execution
— 1504KB built-in SRAM, supports ECC verification
o 1024KB TCM SRAM, configurable as D-TCM, I-TCM or SRAM
o 480KB on-chip SRAM
— 4KB Backup SRAM, supports ECC
Operating Modes
— Run mode
— SLEEP mode: AXI enabled, AHB enabled
— Stop0 mode: SRAM, TCM, RTC, LSE, IWDG enabled
— Stop2 mode: Flash standby mode, SRAM, TCM, RTC, LSE, IWDG, Backup SRAM, backup registers enabled, I/O
maintained
— Standby mode: Backup SRAM, RTC, IWDG, LSE, backup registers enabled, SRAM, TCM disabled
— VBAT mode: Backup SRAM, RTC, LSE, backup registers enabled
Clock
— 4MHz~48MHz external high-speed crystal
— 4MHz~50MHz external clock input

— 32.768KHz external low-speed crystal
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Built-in 3 high-speed PLLs
Built-in MSI clock, supporting configuration of 31.25K/62.5K/125K/250K/500K/1M/2M/4M/8M/16MHz clocks
Internal high-speed RC 64MHz
Internal low-speed RC 32KHz
Reset
—  Supports power-on/power-down/external pin reset
— Supports watchdog reset and software system reset
— Supports programmable voltage detection
High-Speed Communication Interfaces
— 5 USART interfaces/5 UART interfaces, supporting ISO7816, IrDA, LIN
— 2 LPUART interfaces
— 6 SPI interfaces, supporting master/slave modes, rates up to 50 MHz
— 8 12C interfaces, rates up to 3.4 MHz, configurable master/slave modes, dual address response in slave mode
— 2 USBFS Dual Role interfaces
— 6 CAN-FD bus interfaces
— 1 Ethernet MAC interface, supporting 10M/100M communication rates, supports IEEE 1588 time
synchronization protocol
— High-Performance Analog Interfaces
— 3 12-bit SMsps ADCs, supporting 12-bit, 10-bit resolution, hardware oversampling up to 16-bit, supporting up to
55 external single-ended input channels, 5 internal single-ended input channels, supporting single-ended and
differential modes
— 4 high-speed analog comparators
— 4 12-bit DACs, of which 2 1Msps DACs support output with or without Buffer separately, internal output only
supports mode without Buffer; simultaneous internal and external output must enable Buffer; the other 2 DACs
only support 1 output channel to the internal chip, with 15Msps sampling rate, supporting internal output without
Buffer
— 2 MCO outputs, configurable to output SYSCLK, HSE, MSI, LSE, LSI, HS164 or PLL clock division
— Supports 1 reference voltage VREFBUF (configurable as 1.5V/1.8V/2.048V/2.5V)
— 1 temperature sensor
Audio Interfaces
— 4128, supporting master/slave modes, audio sampling frequencies from 8KHz to 192KHz
— 8 PDM digital microphone interfaces built into DSMU
Memory Extension Interfaces
— 1 FEMC (Flexible External Memory Controller) interface, bus rate 100 MHz, SRAM/PSRAM/Nor Flash
supporting configurable 16/32-bit data width, NAND Flash supporting configurable 8/16-bit data width
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— 1 xSPI interface, supporting 1/2/4/8-bit data width, configurable master/slave, rates up to 133 MHz, can be used
for external SRAM, PSRAM and Flash, supports XIP

— 1 SDRAM interface, rates up to 133 MHz

— 2 SDMMC interfaces, supporting SD/SDIO 3.0, eMMC 4.51 format, rates up to 104MHz

Image Processing Interfaces

— 1 digital camera interface (DVP), supporting 8/10/12/16bit, rates up to 1 10MHz

— 1 TFT-LCD display interface, supporting up to 24-bit parallel digital RGB LCD, providing all signal interfaces,
can directly connect to various LCD and TFT panels, resolution up to 1920x1080

— Built-in 2.5D graphics processor, supporting image scaling, rotation, blending, anti-aliasing, texture mapping,
etc.

— Hardware JPEG codec

Maximum support for 114 GPIOs, low-speed GPIOs support 5V tolerance (under VDD = 3.3V £10%

conditions)

Motor control Cordic accelerator, supporting trigonometric and hyperbolic function acceleration, supporting

floating-point input and output

Delta Sigma Module Unit (DSMU)

Built-in filtering algorithm accelerator FMAC, supporting FIR, IIR filtering

3 high-speed DMA controllers, each controller supporting 8 channels, 1 MDMA supporting 16 channels, freely

configurable channel source and destination addresses

RTC real-time clock, supporting leap year perpetual calendar, alarm events, periodic wake-up, supporting

internal and external clock calibration

Timer Counters

— 2 16-bit advanced timer counters, supporting input capture, complementary output, quadrature encoding input
and other functions, highest control precision 3.3ns; each timer has 6 independent channels, of which 4 channels
support 4 pairs of complementary PWM outputs

— 10 16-bit general-purpose timers (GTIMA1GTIMB3), each timer with 4 independent channels, supporting input
capture, output compare, PWM generation

— 4 32-bit basic timer counters (BTIM1~4)

— 5 16-bit low-power timers (LPTIM1~5), can work in Stop2 mode

— 1x 24-bit SysTick, 1x 14-bit window watchdog (WWDG), 1x 12-bit independent watchdog (IWDG)

Programming Methods

—  Supports SWD/JTAG online debugging interface

—  Supports USB, UART Bootloader

Security Features

— FLASH has up to 4 encryption partitions, supporting storage encryption

— Supports write protection (WRP), multiple levels of read protection (RDP) (LO/L1/L2)
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—  Built-in password algorithm hardware acceleration engine, supporting AES/TDES, SHA, SM4 algorithms

— TRNG true random number generator, CRC8/16/32 operations

nsing.com.sg

— Supports secure boot, encrypted program download, secure update, supports external high-speed and low-speed

clock failure detection

—  Supports tamper detection

OTP supports 128-bit UCID

Operating Conditions

— Operating voltage range:
o 23V-~3.6V
o  Chip junction temperature range: -40°C~125°C

Security Features

U USB IF

. IEC61508 SIL2

Security Features

— TFBGA100(8mmx8mm)
— LQFP100(14mm x 14mm)
— LQFP144(20mmx20mm)

Ordering Models

Series

Models

N32H760xxx7

N32H760VIB7, N32H760VKB7, N32H760VIL7, N32H760VKL7, N32H760ZIL7,

N32H760ZKL7
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1 Product Introduction

The N32H760 series uses an ARM Cortex-M7 core, running at frequencies up to 600MHz, supporting double-precision
floating-point operations and DSP instructions. It features (2/4MB) on-chip FLASH, integrates up to 1504KB of SRAM
(including 1024KB TCM SRAM and 480KB SRAM) + 4KB Backup SRAM. It includes 3 12-bit SMsps ADCs, 4 high-speed
comparators, 4 12-bit DACs, and integrates multiple high-speed communication interfaces: U(S)ART, I2C, xSPI, SPI, USBFS
Dual Role, CAN-FD, SDRAM, FEMC, SDMMC, and 10/100 Ethernet.

The series supports digital camera interface (DVP), TFT-LCD graphical interface, JPEG hardware codec and GPU. It features
a built-in high-performance encryption algorithm hardware acceleration engine, supporting AES/TDES, SHA, SM4 algorithms,
TRNG true random number generator, and CRC8/16/32. It supports up to 114 GPIOs, and is available in TFBGA100, LQFP100,
and LQFP144 packages.

The N32H760 series products can operate stably in a temperature range of -40°C to +105°C, with a supply voltage of 1.8V to
3.6V, offering multiple power consumption modes.

Figure 1-1 shows the bus diagram of this series of products.

5/160 NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



Figure 1-1 N32H760System Block Diagram
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1.1 Naming Convention

N 32

|
I~
13
<<
PN
I—
I~

Company
N: NSING
MCU Bit width
32: 32bits Temperature Grade
Product Family 7:-40°C ~105°C
H: High Performance
MCU Core
e Package
7: Cortex-M7 L: LQFP
Product Series B: BGA
60 series
57'."1 S%U"t Flash Size
Z'l 144 |: 2048KB
' K: 4096KB
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1.2 Product Model and Resources Configuration

Table 1-1 N32H760Series Resource Configuration

nsing.com.sg

Device Model N32H760 N32H760 N32H760 N32H760 N32H760 N32H760
VIB7 VKB7 VIL7 VKL7 ZIL7 ZKL7
Flash (KB) 2048 4096 2048 4096 2048 4096
SRAM TCM 1024
(KB System RAM 480
) Backup RAM 4
Core M7 600MHz
Operating Voltage 2.3V~3.6V
Cordic Yes
Coproc DSMU Yes
€ssors
FMAC Yes
ADTIM 2
GPTIM 10
BSTIM 4
) LPTIM 5
Timers
SysTick timer 1
WWDG 1*14bit
IWDG 1*12bit
RTC Yes
SPI/I2S 5/4 | 6/4
12C 8
USART 3 | 5
Commu UART 5
nication
Interfce LPUART 2
S USBFS )
Dual Role
CAN FD 6
10/100M ETH 1
SDRAM No Yes
Expand xSPI 1
ed
Storage FEMC Yes
SDMMC 2
12bit ADC 3
12bit DAC 242D
Anal Number of 2 External channels
nalog channels
Comparator 4
VREFBUF Yes
LCDC Yes
GPU Yes
Imagin
gine JPEG Yes
DVP 1
GPIO 82 114
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DMA 3
Number of channels 24Channel

MDMA 1
Number of channels 16Channel

Algorithm Support

DES/3DES, AES, SHA1/SHA224/SHA256, CRC8/16/CRC32

Security Protection

Read/write protection (RDP/WRP), storage encryption, secure boot

Package

TFBGA100

LQFP100 LQFP144

Note: 2 DACs only support internal connection and cannot output to GPIO
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2 Functional Overview

2.1 Processor Core

N32H760 series devices are based on the high-performance Arm® Cortex®-M7 32-bit RISC core. Operating frequency
reaches up to 600 MHz. It supports floating-point unit (FPU), Arm® single-precision and double-precision operations
and conversions (IEEE 754 compatible), includes a complete set of DSP instructions and memory protection unit

(MPU) to enhance application security.

2.1.1 Arm® Cortex®-M7

Arm® Cortex®-M7 is a high-performance processor. It features a 6-stage superscalar pipeline with an FPU capable of
both single-precision and double-precision operations. Instruction and data buses are extended to 64-bit width.
The processor supports the following interfaces:

e  04-bit AXI4 interface

e 32-bit AHB master interface

e 32-bit AHB slave interface

e  64-bit instruction TCM interface

e 2x32-bit data TCM interfaces
Other processor features include:

e 32kB instruction Cache, 32kB data Cache, all Cache memory is protected by ECC

e  Memory Protection Unit (MPU), configurable with up to 16 memory protection regions

e Double-precision and single-precision floating-point FPU

e ETM support

e Efficient DSP instructions

2.1.2 MPU

The MPU has configurable memory protection attributes. It allows the definition of up to 16 protected regions, which
can be divided into up to 8 independent subregions, where region address, size, and attributes can be configured.
Protection ranges from 32B to 4GB of addressable memory. When illegal access occurs, a memory management

exception is generated.

2.2 Memory

N32H760 series devices feature on-chip Flash, configurable embedded SRAM, and external memory interfaces such as
FEMC, SDRAM, and xSPI2. The configurable architecture provides flexibility to partition memory resources
according to application needs, allowing appropriate performance trade-offs in terms of application code size, data size,

and power saving. In addition, embedded ROM is used as the initial bootloader and for secure boot.
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2.2.1 Embedded SRAM
TCM RAMs (only for Cortex-M7)
TCM RAM consists of IMB SRAM, which can be configured as ITCM-RAM, DTCM-RAM and AXI-SRAM2/3.
Software can flexibly configure D-TCM and I-TCM sizes, with the remaining SRAM automatically configured as AXI-
SRAM2/3, in granularity of 128KB. ITCM RAM is mapped to address 0x0000 0000, and can only be accessed by the
Cortex®-M7 CPU and MDMA (even when the CPU is in sleep mode). DTCM RAM is mapped at address 0x2000
0000, and can also only be accessed through the Cortex®-M7 CPU core and MDMA.
AXI SRAM
Up to 1152KB of AXI RAM, which can be accessed by byte (8-bit), half-word (16-bit), word (32-bit) or double word
(64-bit). AXI SRAM is divided into the following types:

o 128KB of AXI SRAM 1 mapped to address 0x2400 0000

e Upto 512KB of AXI RAM 2 (shared with ITCM and DTCM), mapped to address 0x2402 0000

e Upto 512KB of AXI RAM 3 (shared with ITCM and DTCM), mapped to address 0x240A 0000
AHB SRAM
Up to 352KB of AHB SRAM1-5, which can be accessed by byte, half-word (16-bit) or word (32-bit). AHB SRAM is
divided into the following types:

¢ 128 KB of AHB SRAM1 mapped to address 0x3000 0000

e 128 KB of AHB SRAM2 mapped to address 0x3002 0000

e 32 KB of AHB SRAM3 mapped to address 0x3004 0000

e 32 KB of AHB SRAM4 mapped to address 0x3004 8000

¢ 32 KB of AHB SRAMS mapped to address 0x3005 0000
AHB SRAM 5 is divided into two blocks, shared with CANFD1-8, used as CANFD data frame buffer.
Backup SRAM
Backup SRAM is located in AHB bus domain 2, mapped to address 0x3800 0000, and can be accessed by byte, half-
word (16-bit) or word (32-bit).
Error Correction Code (ECC)
All internal system RAM includes error correction code (ECC). It can be programmatically configured through their
respective ECC monitor (ECCMON) modules. The ECC mechanism is based on the SECDED algorithm, supporting
single-bit and double-bit error detection as well as single-bit error correction.
SRAM data protection with ECC:

e 7 ECC bits added for each 32-bit word

e For ITCM-RAM and AXI SRAMI, 8 ECC bits added for each 64-bit word
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2.2.2 Embedded ROM
The N32H760 series devices have a 32KB embedded ROM, mapped to address 0x1FFF0000. It contains a small
bootloader, which is divided into two parts: secure code and API. The secure code can only be accessed by the Cortex-

M7, while the API can be called by the core CPU.

2.2.3 On-Chip Flash
The maximum capacity of the on-chip Flash is 4MB. The first 128KB is used for BOOTPATCH and option bytes, and
the remaining space is used for user application code. When operating in XIP mode, the on-chip Flash supports real-

time decryption of AES128 through the RTAD module. The decryption applies to any data stored in Flash.

2.3 System Boot Modes

By default, the system boots to the Cortex®-M7 after reset. The BOOTROM program supports two modes: Boot

Application and Serial Download. These modes can be selected via the Boot pins and option bytes:

¢ Boot Application: After the BOOTROM program runs normally, the application image is launched from the
internal Flash/TCM/SRAM based on the BOOTADDR_ M7 value in the option bytes.

e Serial Download: The BOOTROM program receives the application image via USART1 or USB1 and stores it in
internal Flash/TCM/SRAM.

Table 2-1 Boot mode

BOOT pin (OTP_OSPS?SOTC]?(t}e_SBTM) Mode Description
0 10x5AAS and 10x4884 Boot Application boot from on-chip Flash/TCM/SRAM
1 10x5AAS and 10x4884 Serial Download Built communication with Host by UART or USB
* 0x5AAS Boot Application boot from on-chip Flash/TCM/SRAM
* 0x4884 Serial Download Built communication with Host by UART or USB

2.4 Power Supply Scheme

External Power Supplies:

VDD, VDDA, VREF, VBAT, VDDSMPS, VDDLDO, VDD33USB, VDDDSI.

e VDD is the main chip power supply, primarily powering the power system and clock system.

¢ VDDA is the analog peripheral power supply, mainly supplying power to analog peripherals.

e VREF provides a reference voltage to analog peripherals for higher accuracy.

e VBAT connects to a battery and supplies power to the backup domain.

e  VDDSMPS is the power input for the DC-DC SMPS (Switched-Mode Power Supply).

e VDDLDO powers the main LDO (Low Dropout Regulator), supported only on applicable models; otherwise, it is
left NC (not connected).

e VDD33USB powers the USB PHY.

e VDDDSI powers the MIPI-DSI PHY.
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There are five power domains, each supplied by an external power source for different regions:

e VDD Domain:
Voltage range: 1.8V to 3.63V.
Powers: SMPS, Main LDO, most GPIOs, HSE, HSI, PLL, POR/PDR, BOR, PVD, USB PHY, DSI PHY, etc.
¢ VDDA Domain:
Voltage range: 1.8V to 3.63V.
Powers: ADC, DAC, COMP, VREFBUF, TS, etc.
¢ VDDBK Domain:
Voltage range: 1.8V to 3.63V.
Powers: WKUP pins, NRST, PC13/14/15, LSE, LSI, etc.
e VDDD Domain:
Voltage: 0.9V or 0.8V.
Powers: CPU, SRAM, RCC, TRNG, USB PHY digital section, DSI PHY digital section, and most peripherals.
The VDDD domain is subdivided into VDDDRET and VDDDMAIN subdomains:

— VDDDRET Domain:
Powers LPUART, LPTIMER, EXTI, etc., with power supplied from VDDD and controlled by a separate
power switch.

— VDDDMAIN Domain:
Directly powers buses (AXI, AHB, APB), bus adapters, low-speed communication interfaces (SPI, 12C,
UART), timers (ATIMER, GTIMER, BTIMER), and includes the following subdomains:

CM7 Subdomain: Contains CM7 core, TCM memory, and its controller.

MDMA Subdomain: Contains the MDMA.

HRTIM1 Subdomain: Contains the digital circuit of HRTIMER 1.

HRTIM2 Subdomain: Contains the digital circuit of HRTIMER 2.

HRTIMAFE Subdomain: Contains the shared analog front end for HRTIMER1 and HRTIMER?2.

HSC1 Subdomain: Contains high-speed communication interfaces USB1 and Ethernet 1.

HSC2 Subdomain: Contains USB2, Ethernet 2, and SDMMC?2.

GRAPHICS Subdomain: Contains GPU, DVP1, DVP2, LCDC, JPEG CODEC, and MIPI-DSI modules.
Except for the CM7 core subdomain, which is controlled by hardware, all other subdomain power switches are
controlled by software.

e VDDDBK Domain:

Voltage: 0.9V or 0.8V.
Powers: PWR, Backup SRAM, RTC, WKUP pins, NRST, PC13/14/15, backup IOM, IWDG, RCC_BKP, and
backup registers.

2.5 Reset

An internal Power-On Reset (POR) and Power-Down Reset (PDR) circuit is integrated. This circuit remains active at

O O O 0 O O O O

all times, ensuring that the system operates correctly when the supply voltage exceeds 1.8V.
When VDD falls below the defined threshold (VPOR/PDR), the device is forced into a reset state, eliminating the need

for an external reset circuit.

2.6 Programmable Voltage Detector
A Programmable Voltage Detector (PVD) is built in. It monitors the VDD power supply and compares it with a
threshold voltage VPVD.

When VDD drops below or rises above VPVD, an interrupt is generated. The interrupt handler can then issue a
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warning.
The PVD feature must be enabled by software.
For specific values of VPOR/PDR and VPVD, refer to Table 4-7.

2.7 Low Power Modes

The N32H760 supports five low-power modes:

e SLEEP Mode

In SLEEP mode, only the CPU is stopped. All peripherals remain operational and can wake the CPU through interrupts
or events.

) STOPO Mode
STOPO is based on the Cortex-M7F deep sleep mode. It allows lower power consumption while maintaining the contents
of SRAM and registers. In this mode, all high-speed clocks such as PLL, HSI, and HSE are turned off.
Wake-up sources: Any signal configured as EXTI (external interrupt), including 16 external EXTI lines (I/O-related),
PVD output, LPTIMER, LPUART, RTC wake-up, or RTC alarm.
e STOP2 Mode
STOP2 mode is based on the Cortex-M7F deep sleep mode. In this mode:
— CPU internal registers are retained, and the contents of the TCM or SRAM used by the running
program are not lost.
— The main power domain (VDDDMAIN) is powered down, which helps achieve lower power
consumption compared to STOPO mode.
— All high-speed clocks in the main domain, such as PLL, HSI, and HSE, are shut down.
— The retention domain (VDDDRET) remains powered, allowing peripherals like LPUART and
LPTIMER to operate using low-speed clocks (LSE or LSI).
— The backup domain (VDDDBKTP) is also powered, so peripherals such as RTC and IWDG can
function normally.

e STANDBY Mode
— STANDBY mode achieves the lowest power consumption among all low-power modes:
— The internal voltage regulator is turned off.
— Oscillators such as PLL, HSI RC oscillator, and HSE crystal oscillator are shut down.
— The retention domain (VDDDRET) is powered down, so most register contents are lost.
— Backup registers are retained, and backup SRAM can optionally be retained.
— The backup domain (VDDDBKP) circuitry remains operational.

e  Wake-up sources include:
— External reset signal on the NRST pin
— IWDG (Independent Watchdog) reset
— Edge on the WKUP pin

— RTC wake-up event or RTC alarm
e VBAT Mode
VBAT mode is entered automatically whenever VDD is powered down but VBAT is still supplied.
In VBAT mode, most I/O pins enter high-impedance state, except: NRST, WKUP, PC13_TAMPER, PC14, PC15
Wake-up condition: Power-up on VDD
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2.8 Reset and Clock Control (RCC)

The RCC manages the generation of all clocks, clock gating, and the control of system and peripheral resets. It provides

high flexibility in the selection of clock sources and allows the application of clock ratios to optimize power

consumption.

2.8.1 Clock Management

The device integrates three internal oscillators, two oscillators with external crystal or resonator, and four PLLs.

The RCC (Reset and Clock Control) has the following clock source inputs:

HSI64: 64 MHz internal high-speed oscillator
The control logic of this oscillator resides in the standby power domain. After initial power-on and upon wake-up
from low-power modes (STOP0O, STOP2, and STANDBY), this clock is used as the default system clock.

MSI: 16 MHz medium-speed oscillator

The control logic of this oscillator resides in the retention power domain. In STOP2 power mode, this clock is used
as a high-speed clock by peripherals in the retention domain. It can also be selected as a system clock and core
clock for certain peripherals.

HSE: 4 ~ 48 MHz external high-speed oscillator
The control logic of this oscillator resides in the core power domain. This clock can be selected as the system
clock, peripheral core clock, or reference clock for certain PHYs (e.g., USB, DSI...).

LSI: 32 kHz internal low-speed oscillator

The control logic of this oscillator resides in the standby power domain. It is the first clock switched to during
system power-on and is used by the PWR block in the standby domain to start up the system and wake it from
standby and STOP2 modes. It is also used by peripherals in the standby and retention power domains.

LSE: 32.768 kHz external low-speed oscillator
The control logic of this oscillator resides in the standby power domain. It provides a low-power and accurate
clock to peripherals in the standby and retention power domains.

PLL: 430 MHz ~ 1.25 GHz Phase-Locked Loops
The control logic of the PLLs resides in the core power domain. HS164, MSI, and HSE can be configured as the
input clock source for the PLLs. There are four PLLs:

— PLL1: Maximum frequency 600 MHz, used by some peripherals as a system clock source and core clock
source.

— PLL2: Maximum frequency 800 MHz, used by some peripherals as a system clock source and core clock
source.

— PLL3: Maximum frequency 800 MHz, used by some peripherals as a core clock source.

The outputs of PLL1, PLL2, and PLL3 are further divided by configurable digital dividers before being used as system
clocks or peripheral core clocks.
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2.8.2 System Reset Sources

A system reset resets all registers to their reset values, except for reset flags in the reset status register and certain
registers in the standby domain (these registers can only be reset by programming the BDRST register and by a standby
domain POR reset).

System resets can originate from the following sources:

e Main power domain POR (Power-On Reset) from PWR and AFE.
o NRST pin.

¢ POR reset from PWR and AFE (main domain).

¢ IWDG and WWDG reset requests.

e Reset request from the CPU.

o EMC reset request.

o Low-power reset request from PWR.

¢ BOR reset (Brown-Out Reset).

e MMU reset request

2.9 Bus Interconnect Matrix
These devices feature one AXI bus matrix, two AHB bus matrices, and bus bridges, enabling interconnection

between bus masters and bus slaves.
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Figure 2-1Bus Matrix Archicture

J_lAHBS

ARM Cortex M7 TCMSRAM (1024KB)

b
[ D TV o spam
AXI2AHB 32k | [32k8 w—wDraws] 23 i

AXIM

JPEG
CODEC SDMMC1 (| DVP1-2
[ =1 o

APB6

AHBE [

AXI ROM

AXI SRAM1

i 1| g

128KB

1 xspi1

XSPI2

FEMC

il

64-bit AXI bus matrix

ARM
Cortex M4

T [MMU_cva
E
w &

AHBS AHBS
16KB 16KB

| AHB SRAM1
128KB

|

I AHB SRAM2
128KB

AHB SRAM3
32KB
AHB SRAM4
64KB

APB1 [}

—1 | AmB1 [f

[

APB2 |}

{| anB2 ]

=

g

| AHBY

]

Q

32-bit AHB bus matrix

Legend

o ™ AIHB
Bus multiplexer AXI APB )
32-bitbus Master interface
,_..-_=_| Slave interface

—64-bit bus

DAP-AP1
0=

(o
o g

]
4KB

32-bit AHB bus matrix

2.10 General-Purpose Input/Output Interface (GPI10) and Alternate Function

Interface (AFIO)

GPIO refers to General-Purpose Input/Output interface, and AFIO refers to Alternate Function Interface. The chip

supports up to 168 GPIO pins, which are divided into 11 groups
(GPIOA/GPIOB/GPIOC/GPIOD/GPIOE/GPIOF/GPIOG/GPIOH/GPIOI/GPIOJ/GPIOK). Each group has 16 ports.

GPIO ports share pins with other alternate peripheral functions. Users can configure them flexibly according to

requirements. Each GPIO pin can be independently configured as output (push-pull or open-drain), input (floating,

pull-up, or pull-down), or alternate peripheral function port. Except for analog function pins, other GPIO pins have

high current-carrying capacity.

GPIO ports have the following characteristics:

Each GPIO port can be individually configured by software into the following modes:

— Floating input
— Pull-up input
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— Pull-down input
— Analog function
— Open-drain output, with configurable pull-up/pull-down
— Push-pull output, with configurable pull-up/pull-down
— Push-pull alternate function, with configurable pull-up/pull-down
— Open-drain alternate function, with configurable pull-up/pull-down
¢ Independent set or clear functions
e All IOs support external interrupts
e All I1Os support low-power mode wake-up, with configurable rising or falling edge
— 16 EXTIs are available for STOP0 mode wake-up, all IOs can be multiplexed as EXTI
— PAO/PA2/PC1/PC13/PI8/PI11 can be used for STANDBY mode wake-up
e  Support for software remapping of 10 alternate functions
e Support for GPIO locking mechanism, which can only be cleared by reset after locking
Each I/O port bit can be programmed arbitrarily through the AHB interface, but I/O port registers must be accessed as
32-bit words, 16-bit half-words, or 8-bit bytes (AFIO registers only support 32-bit word access).

2.11 Nested Vectored Interrupt Controller (NVIC)
The device has an embedded Nested Vectored Interrupt Controller (NVIC).
The NVIC includes the following features:

e 234 maskable interrupt channels

e 16 programmable priority levels

2.12 External Interrupt/Event Controller (EXTI)

4 The External Interrupt/Event Controller (EXTI) controls wake-up through configurable and direct event inputs from
on-chip peripherals or external outputs. It sends wake-up events to the PWR and transmits interrupt and event signals to
both CPUs.

EXTI wake-up requests allow the system to wake up from STOP0O and STOP2 modes, and can also wake up CPUs
from CSLEEP, CSTOPO0, and CSTOP2 modes. Interrupt requests and event requests can also be used in Run mode.
The EXTI includes the following features:

¢  Wakes up the system from STOP0O and CSTOP2 modes

e  Generates interrupts and events for transmission to CPUs

These requests can be generated from the following event inputs:
e Direct events (generated by on-chip peripherals, event flags are stored or cleared in the source peripheral, not in

the EXTI) have the following characteristics:
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o  Configurable events (generated from external devices or on-chip peripherals, only producing pulse events) have

the

2.13 DMA Request Multiplexer (DMAMUX)

following characteristics:

Software triggering

Both rising edge and falling edge triggering are allowed and configurable

Have interrupt and event mask bits

Peripherals indicate the presence of a DMA transfer request by setting their DMA request signal. The DMA controller

processes the DMA request and generates a DMA acknowledgment signal, and the corresponding DMA request signal

will also become invalid, but the DMA request remains pending until then.

The DMAMUX request multiplexer can reconfigure (route) DMA request lines between the product's peripherals and

the DMA controller. This routing function is ensured through a programmable multi-channel DMA request line

multiplexer. Each channel can select a DMA request line without restrictions, or select a DMA request line in

synchronization with events from its DMAMUX synchronization input. Additionally, the DMAMUX can also be used

as a DMA request generator for programmable events of its input trigger signals.

The main features are as follows:

Table 2-2 DMAMUX Input/Output

Feature DMAMUXI1 DMAMUX?2

Number of DMAMUX synchronization inputs 9 1 (internal use or unused)
Number of DMAMUX peripheral requests 210 4

Number of DMAMUX request trigger inputs 26 38

Number of DMAMUX request generator channels | 8 16

Number of DMAMUX output request channels 24 16

e Each DMA request generator channel has:

DMA request trigger input selector
DMA request counter

Event overflow flag for the selected DMA request trigger input

e Each DMA request multiplexer channel output has:

Up to 210 input DMA request lines from peripherals

Up to 3 DMA request line outputs

Synchronization input selector

DMA request counter

Event overflow flag for the selected synchronization input

An event output for DMA request linking

e AHB slave interface, burst not supported, only 32-bit access
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o DMAMUX overflow interrupt

2.14 DMA Controller (DMA)

The DMA controller is controlled by the CPU and can perform fast data transfers from source to destination. Once
configured, data transfers occur without CPU intervention. This frees the CPU to perform other computational/control
tasks or reduce the system's overall power consumption.
The chip has three DMA controllers (DMA1, DMA2, DMA3), each with 8 logical channels. Each logical channel
processes memory access requests from one or more peripherals. An internal arbiter controls the priority of different
DMA channels.
The main features are as follows:
General Features
e  Compliant with AMBA 2.0 standard
e  AHB slave interface for DMA programming
e  Channels
—  Up to eight channels, one channel per source and destination
- Unidirectional channels—data transfer in one direction only
- Programmable channel priority
e  AHB master interface
- Up to four independent AHB master interfaces, allowing:
- Up to four simultaneous DMA transfers
—  Masters can be located on different AHB layers (multi-layer support)
- Source and destination can be on different AHB layers (pseudo fly-by performance)
-  Configurable data bus width for each AHB master interface (up to 256 bits)
- Configurable byte ordering for master interfaces
e  Transfers
—  Support for memory-to-memory, memory-to-peripheral, peripheral-to-memory, and peripheral-to-peripheral
DMA transfers
- DMA transfers between APB peripherals via the APB bridge
e  Configurable identification registers
e  Component ID parameters for configurable software driver support
e  Configuration for DesignWare AHB Lite systems
e  Last beat DMA burst indication
e  Support for little-endian, address-invariant (Al) big-endian scheme, and BE-32 (word-invariant) scheme for data
access on AHB slave interface and each AHB master interface
e  Arbitration scheme to determine which request line gets access to a specific master bus interface
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Address Generation
e  Programmable source and destination addresses (on AHB bus)
e Address increment, decrement, or fixed
e Multi-block transfers implemented through:
—  Linked list (block chaining)
- Automatic reload of channel registers
—  Contiguous addressing between blocks
e Independent source and destination selection for multi-block transfer types
e  Scatter/gather
Channel Buffering
e  Single FIFO per channel for source and destination
o  Configurable FIFO depth
o D flip-flop-based FIFO
e Automatic data packing or unpacking to accommodate FIFO width
Channel Control
e  Programmable source and destination for each channel
e  Programmable transfer type per channel (memory-to-memory, memory-to-peripheral, peripheral-to-memory,
peripheral-to-peripheral)
e  Programmable burst transaction size per channel
e  Programmable enable and disable of DMA channels
e  Support for disabling channels without losing data
e  Support for pausing DMA operations
e  Support for RETRY, SPLIT, and ERROR responses
e  Programmable maximum burst transfer size per channel
e  Configurable maximum transaction size for gate optimization
e  Configurable maximum block size for gate optimization
e  Bus locking—programmable at transaction, block, or DMA transfer level
e  Channel locking—programmable at transaction, block, or DMA transfer level
e  Hardcoded multi-block transfer type options
e  Option to disable writeback of channel control registers at end of each block transfer
Transfer Initiation
e  Handshaking interface for source and destination peripherals (up to 8)
- Hardware handshaking interface

- Software handshaking interface
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- Peripheral interrupt handshaking interface
Handshaking interface supports single or burst DMA transactions
Polarity control for hardware handshaking interface

Enable and disable individual DMA handshaking interfaces

Flow Control

Programmable flow control at block transfer level (source, destination, or DMA controller)

Software control of source data prefetch when destination is the flow controller

Interrupts

Consolidated and separate interrupt requests
Interrupts occur when:

—  DMA transfer (multi-block) completes
- Block transfer completes

—  Single and burst transactions complete
—  Error conditions

Support for interrupt enabling and masking

Low Power Modes

Global clock gating

Channel-specific clock gating

2.15 MDMA Controller (MDMA)
MDMA is a highly configurable, highly programmable, high-performance, multi-master multi-channel DMA controller

that uses AXI as the data transfer bus interface.

The main features are as follows:

General Features

Independent core, slave interface, and master interface clocks
Up to 24 channels, one channel per source and destination
Unidirectional data transfers only (each channel is unidirectional)
Up to two AXI master interfaces:
o Two master interfaces supporting multiple layers
o Multiple AXI master interfaces can connect directly to peripherals on different AXI interconnects,
improving bus performance
o Support for different ACLK on different AMBA layers
Memory-to-memory, memory-to-peripheral, peripheral-to-memory, and peripheral-to-peripheral DMA transfers
Separate external memory interface (per channel) for connecting SRAM or register file-based memory to channel

FIFO
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AMBA 3 AXI/AMBA 4 AXI compatible master interfaces
AHB/APBA4 slave interface for DMA controller programming
o AHB slave interface supports only single transfers (hburst = 3'b000)
AXI master data bus width up to 512 bits (applicable to both AXI master interfaces)
Static or dynamic selection of endian mode for AXI master interfaces
Input pins for dynamic endian selection
Configurable independent control of endian mode for linked list access on master interfaces
Optional identification registers
Support for channel locking
o Support for internal channel arbitration locking the master bus interface at different transfer levels
DMAC status indication output
o Idle/busy indication
DMA hold function
Output pin indicating the last write transfer at DMA transaction level
Multi-level DMA transfer hierarchy
o DMA transfers divided into transaction level, block level, and complete DMA transfer level
Support for AXI unaligned transfers
Support for context-sensitive low-power options
Support for unique ID functionality, generating AXI read/write transfers with unique IDs on AXI read/write

channels

Channel Buffering

One FIFO per channel
FIFO depth

Automatic packing/unpacking of data to accommodate FIFO width

Channel Control

Programmable transfer type per channel (memory-to-memory, memory-to-peripheral, peripheral-to-memory, and
peripheral-to-peripheral)

Single or multiple DMA transactions

Programmable multi-transaction size per channel

Programmable maximum AMBA burst transfer size per channel

Disabling channels without losing data

Channel pause and resume

Programmable channel priority

Internal channel arbitration locking the master bus interface at different transfer levels
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Programmable multi-block transfers using linked lists, contiguous addressing, auto-reload, and shadow register
methods

Dynamic extension of linked lists

Independent configuration of SRC/DST multi-block transfer types

Multiple state machines, one each for SRC and DST per channel

Independent state machines for data and LLI access

Control signals such as cache and protection programmable for each DMA block

Programmable transfer length (block length)

Error status registers for debugging when errors occur

Flow Control

Programmable flow control at DMA transfer level

— DMA controller is the flow controller at DMA block transfer level if the size of the block transfer is known
before DMA initialization

— Either source peripheral or destination peripheral is the flow controller for undefined length (demand mode)

DMA block transfers if the size of the DMA block transfer is not known before DMA initialization

Handshaking Interface

Programmable software and hardware handshaking interfaces for non-memory peripherals

Up to 64 hardware handshaking interfaces/peripherals

Programmable mapping between enabling/disabling individual handshaking interface peripherals and channels;
many-to-one mapping with only one peripheral active at a time

Memory-mapped registers to control DMA transfers in software handshaking mode

Interrupt Outputs

Consolidated and separate interrupt outputs
Interrupt generation:

— DMA transfer completion

— Block transfer completion

— Single or multiple transaction completion
— Error conditions

— Channel pause or disable

Interrupt enabling and masking

Bus Interface

Master interfaces using AMBA 3 AXI and AMBA 4 AXI protocols, slave interfaces using AHB, AXI4-Lite, and
APB 3 protocols
Data bus width up to 512 bits for master interfaces

Outstanding transactions on master interfaces
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Setting outstanding transaction limits per channel on master interfaces

Configurable AXI transfer width

Out-of-order transaction support for different channels connected to the same master interface; transactions for a
specific channel are always initiated in order

Incremental and fixed address transfers on master interfaces

Source address and destination address data transfers; must be aligned with respective transfer widths

Data bus width of 32/64 bits for slave interfaces

Transfer size (width) used by slave interfaces; must be the same as the data bus width

Security Features

Parity protection feature for all common registers and channel-specific registers at interface level, with data
integrity checking through parity

Error Correction Code (ECC) protection feature correcting single-bit errors and detecting double-bit errors, enabled
to prevent data corruption

— ECC protection feature for FIFO memory interfaces

— ECC protection feature for UID memory interfaces

— ECC protection feature for AXI master interfaces

Lock-step functionality for safety-critical applications, increasing security and reliability to withstand adverse

operating conditions such as Single Event Upsets (SEU) and extreme EMI/EMC

2.16 AES Real-Time Decryption (RTAD)

Main features are as follows:

Real-time 128-bit decryption (single or multiple) during XSPI memory-mapped read operations.

— Uses AES in Counter (CTR) mode, with a key stream FIFO queue (depth = 4).

— Supports any read size.

— Physical address of the read is used for encryption/decryption.

— Up to four independent encrypted regions.

— Region definition granularity: 4096 bytes.

— Region configuration write lock mechanism.

— Two optional decryption modes: Execute-Only and Never-Execute.

— Each region has its own 128-bit key, two-byte firmware version, and eight-byte application-defined nonce. At
least one of these must change each time the application performs encryption.

Confidentiality and integrity protection for encryption keys.

— Write-only registers, with software lock mechanism.

— 8-bit CRC provided as public key information.

Supports xSPI prefetch mechanism.
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e In Execute-Only mode, an enhanced encryption mode can be selected, adding a proprietary protection layer on top
of the AES stream cipher.
AMBA AHB slave peripheral, accessible only through 32-bit word single accesses (otherwise an AHB bus error is

generated, and write accesses are ignored).

2.17 SDRAM (Synchronous Dynamic Random Access Memory)

Supports an SDRAM controller connected to the AHB bus, capable of accessing up to two external

SDRAM/LPSDRAM memory devices.

Main features are as follows:

e Two SDRAM memory devices that can be configured independently

e Data bus width of 8-bit, 16-bit, or 32-bit

e 13-bit row address, 11-bit column address, 4 internal memory banks: 4x16Mx32bit (256 MB), 4x16Mx16bit (128
MB), 4x16Mx8bit (64 MB)

e Configurable row address of 11-bit, 12-bit, or 13-bit; configurable column address of 8-bit, 9-bit, 10-bit, or 11-bit

e Supports word, half-word, and byte access

¢ Automatic row and bank boundary management

e  Supports burst mode

e  Write access protection

e Programmable timing parameters

e  Supports software reset

¢ SDRAM power-up initialization via software

e CASlatencyof 1,2,3

e  Supports automatic refresh operations with programmable refresh rate

e  Supports suspend and resume via software

2.18 Filter Algorithm Accelerator (FMAC)

The Filter Mathematics Acceleration Unit is used for arithmetic operations on vectors, including a multiplier,
accumulator, and address generation logic capable of indexing vector elements in local memory. This unit supports
input and output circular buffers to facilitate digital filters such as Finite Impulse Response (FIR) and Infinite Impulse
Response (IIR).

The unit frees the processor from frequent or lengthy filtering operations, allowing it to perform other tasks. In many
cases, it can accelerate such calculations compared to software implementations, thus speeding up time-critical tasks.
Main features are as follows:

e 16 x 16-bit multiplier

e 24 + 2-bit accumulator, with addition and subtraction capabilities

e 16-bit fixed-point input and output data
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e 256 x 16-bit data buffer

e Up to three data buffers can be defined in memory (two inputs, one output), defined by programmable base address
pointers and associated size registers

e Input and output buffers can be used cyclically

e  Filter functions: FIR, IIR (direct form 1)

e  Vector functions: dot product, convolution, correlation

e  Supports DMA read and write operations

2.19 CORDIC Coprocessor (CORDIC)

The CORDIC hardware computation unit provides hardware acceleration for mathematical functions (primarily

trigonometric functions). It is commonly used to accelerate mathematical function calculations in applications such as

motor control, metering, and signal processing.

Main features are as follows:

¢  Supports rotation and vector calculation modes

e  Supports circular and hyperbolic coordinate systems

¢ Once calculation begins, any read operation to result registers puts the bus in a wait state until calculation
completes, allowing results to be read after completion without polling or interrupts

e  Supports acceleration of 10 functions: sine, cosine, sinh, cosh, atan, atan2, atanh, modulus, square root, natural
logarithm

¢  Supports fixed-point and floating-point data input/output modes

e  Supports interrupt, polling, and DMA read/write modes

e Configurable iteration precision

2.20 Sigma-Delta Modulator Digital Filter Unit (DSMU)

The DSMU is a high-performance module for connecting external -A modulators, featuring 8 external digital serial
channels and 4 flexibly configurable Sigma-Delta digital filters that can provide up to 24-bit final ADC resolution. The
external serial channels can be configured as SPI interfaces or Manchester-encoded single-wire interfaces (with
configurable parameters) to accommodate various modulators. It also supports internal parallel data input channels for
receiving 16-bit parallel data streams from ADC peripherals or device memory.
The DSMU can operate in single conversion mode or continuous mode and provides analog watchdogs with
independently configurable digital filters, as well as short-circuit detection, extremum detection, and other functions. It
also supports two power modes: normal mode and stop mode.
Main features of the DSMU are as follows:
e 8 configurable external digital serial input channels:

— Supports SPI interface for connecting various X-A modulators

— Supports Manchester-encoded single-wire interface
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— Supports output clock for external £-A modulators

8 internal digital parallel input channels:

— Up to 16-bit resolution

— Data sources: ADC data or memory (CPU/DMA) data stream

4 configurable data signal processing units:

— 1 Sincx filter: filter order/type (1..5), oversampling ratio (up to 1..1024)

— 1 integrator: oversampling ratio (1..256)

Up to 24-bit signed data output

— Final output data right-aligned (0..31 bits)

Signed data output

Automatic data offset correction (offset written by user to specified register)

Supports continuous or single conversion

Conversion start supports the following synchronization methods:

— Software trigger

— Internal timer

— External event

— Synchronized conversion with the first DSMU filter (DSMU_FLTO)

Supports analog watchdog

— Low and high thresholds can be configured separately

— Supports independently configurable Sincx digital filter (filter order = 1..3, oversampling ratio = 1..32)
— Configurable data source: output data register, one or more serial digital input channels
— Continuous data monitoring independent of normal conversion

Supports short-circuit detector for detecting saturated analog input data (below negative threshold or above positive
threshold)

— 8-bit counter for detecting 1..256 consecutive Os or 1s in the data stream

— Continuous monitoring of each channel (8 serial channel transceiver outputs)

Brake signal can be generated after analog watchdog events or short-circuit detection events
Supports extremum detection

— Automatic storage of maximum and minimum output data values

— Software refresh

Supports pulse jump function for beam-forming applications (similar to delay line)
Supports DMA reading of conversion data

Supports interrupts: end of conversion, out-of-bounds, analog watchdog, short circuit, channel clock missing

Supports regular and injected conversions
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— Regular conversions can be performed at any time, even in continuous mode without affecting injected
conversions

— Injected conversions enable precise timing and have high priority

2.21 Real-Time Clock (RTC)

The RTC is a set of continuously running counters with an integrated calendar clock module that provides perpetual

calendar functionality, along with alarm interrupts and periodic interrupt capabilities.

Main features are as follows:

e Real-Time Clock (RTC) is an independent BCD timer/counter

o  Software support for Daylight Saving Time compensation

e Programmable periodic auto-wakeup timer

o Two 32-bit registers containing hours, minutes, seconds, year, month, date, weekday

e Independent 32-bit register containing sub-seconds

e Two programmable alarms

e  Two 32-bit registers containing programmable alarm hours, minutes, seconds, year, month, date, weekday

e Two independent 32-bit registers containing programmable alarm sub-seconds

e Digital precision calibration function

e Reference clock detection: a more precise external clock source (50 or 60Hz) can be used to improve calendar
accuracy

e Three configurable tamper detection events with filtering and internal pull-up, five internal tamper detection events

e  Timestamp function

e 32 backup registers that retain data in low-power modes

e  Multiple interrupt/event wakeup sources, including Alarm A, Alarm B, wakeup timer, timestamp, tamper

o RCC register enables the RTC module and as long as voltage remains within operating range, the RTC never stops
in any mode (including RUN mode, SLEEP mode, STOP0O mode, STOP2 mode, STANDBY mode, and VBAT
mode)

e RTC provides multiple wakeup sources that can wake the MCU from all low-power modes (SLEEP mode, STOP0
mode, STOP2 mode, and STANDBY mode)

2.22 Analog/Digital Converter (ADC)

The 12-bit ADC is a high-speed analog-to-digital converter using successive approximation. There are 3 ADCs in total,
with ADC1/ADC?2 capable of forming a dual ADC configuration, and ADC1/ADC2/ADC3 capable of forming a triple
ADC configuration. Each ADC has up to 20 multiplexed channels, and A/D conversion on each channel can be

performed in single, continuous, scan, or discontinuous modes. ADC conversion values are stored (left-aligned/right-
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aligned) in 16-bit data registers. Input voltages can be monitored through analog watchdogs 1/2/3 to detect if they are
within user-defined high/low thresholds, and the maximum input clock frequency for the ADC is 20MHz.
The main features of the ADC are described as follows:
e Supports 3 ADCs with single-ended and differential inputs
e Supports 12-bit and 10-bit resolution
e  Supports triggered sampling, including EXTI/TIMER
e Each ADC has 3 analog watchdogs
e Interrupts can be triggered when ADC is ready, sampling complete, conversion complete, or analog watchdog
1/2/3 events
e  Supports 4 conversion modes:
— Single conversion
— Continuous conversion
— Discontinuous mode
— Scan mode
e  Supports self-calibration
e Data alignment with embedded data consistency
¢ Independently programmable sampling time intervals for all channels
¢ Supports management of single-ended or differential inputs (programmable by channel)
e ADC operating clock derived from PLL clock or AHB clock
e Data can be managed by DSMU, DMA
e Regular channel conversion based on FIFO implementation
e Conversion start methods:
— Start regular and injected conversions through software
— Start regular and injected conversions through polarity-configurable external triggers (GPIO input events or
internal timer events)
e Oversampling:
— Adjustable oversampling ratios: x1, x2, x4, X8, x16, x32, x64, x128, x256, x512, x1024
— Configurable right shift 0-10 bits
— 16-bit data result register
e Data preprocessing:
— Supports gain compensation
— Supports offset compensation
e  Multi-ADC modes:
— Dual ADC mode: combination of ADC1 and ADC2
— Triple ADC mode: combination of ADC1, ADC2, and ADC3
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e ADC operating voltage between 1.7V and 3.6V
e ADC supports conversion of voltages between VREF- and VREF+

2.23 Digital-to-Analog Converter (DAC)

The DAC is a digital-to-analog converter, primarily taking digital input and producing voltage output. DAC data is
available in either 8-bit or 12-bit modes and supports DMA functionality. When configured in 12-bit mode, DAC data
can be left-aligned or right-aligned; when configured in 8-bit mode, DAC data is right-aligned. Each DAC has an
independent converter that can perform conversions independently. In dual DAC mode, each DAC can either operate
independently or two DACs (DAC1&DAC2, DAC3&DAC4 as pairs) can perform conversions and updates
simultaneously. VREF+ is input through a pin as the DAC reference voltage, providing higher precision for DAC
conversion data.

When DAC output is internally connected to on-chip peripherals, the DACx_OUT pin can be used as a general-purpose
input/output (GPIO). The DAC output buffer can be selectively enabled to obtain high driving output current.

Main features include:

e Supports 4 DACs, each corresponding to an independent DAC converter

e  Supports 8-bit or 12-bit output, with data in 12-bit mode available in both right-aligned and left-aligned formats

e Dual DAC supports synchronous or independent conversion

e Each DAC supports DMA functionality and DMA underflow error detection

e DMA dual data mode to save bus bandwidth

¢ Noise wave, triangular wave, and sawtooth wave generation

e DAC output supports connection to on-chip peripherals

o Buffer offset calibration

e Input reference voltage supports VREF+

e External event triggered conversion

2.24 Analog Comparator (COMP)

The COMP module is used to compare the magnitude of two input analog voltages and output a high/low level based
on the comparison result. When the voltage at the "INP" input terminal is higher than the voltage at the "INM" input
terminal, the comparator outputs a high level. When the voltage at the "INP" input terminal is lower than the voltage at
the "INM" input terminal, the comparator outputs a low level.

The main functions of the comparator are as follows:

4 independent comparators

Two built-in 64-level programmable comparison voltage reference sources VREF1 and VREF2

Supports filter clock and filter reset

Output polarity can be configured as high or low

Supports 4 programmable hysteresis levels
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e Comparison results can be output to I/O ports or trigger timers for capture events, OCREF_CLR events, brake
events, and interrupt generation

e Input channels can multiplex I/O ports, VREF1, VREF2, and general 12-bit DAC channel outputs

e Can be configured as read-only or read-write; when locked, reset is required to unlock

e Supports blanking, with configurable blanking sources

¢ COMP1/COMP2 and COMP3/COMP4 can form window comparators

e Can wake up the system from Sleep mode by generating interrupts

e Configurable filter window size

e Configurable filter threshold size

e Configurable sampling frequency for filtering

2.25 Voltage Reference Buffer (VREFBUF)

The chip has a built-in voltage reference buffer that can be used as a voltage reference for ADC, 12bit-DAC, and
COMP internal 6bit-DAC. It can also be used as a voltage reference for external components through the VREF+ pin.

2.26 Timers and Watchdogs

The chip supports up to 2 advanced timers, 7 general-purpose timers A, 3 general-purpose timers B, 4 basic timers, 5
low-power timers, as well as 1 independent watchdog timer, 1 window watchdog timer, and 1 system tick timer.

The following table compares the functions of advanced timers, general-purpose timers, basic timers, and low-power

timers:
Table 2-3 Timer Function Comparison
. Counter Counter Capture/Compare | Complementary
Timer Resolution Type Capture/Compare Channels Channels Output
. Up, Down, .
ATIM1~2 16-bit Up/Down Any integer between 1~65536 4 4
Up, Down,
GTIMA1~7 16-bit Up/Down | Any integer between 1~65536 4 None
Up, Down,
GTIMBI1~3 16-bit Up/Down | Any integer between 1~65536 4 1
BTIM1~4 32-bit Up Any integer between 1~65536 0 None
LPTIM1~5 16-bit Up 1. 2. 4, 8. 16, 32, 64. 128 0 None

2.26.1 Advanced Timer (ATIM1~2)
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15 Advanced control timers (ATIMx) are mainly used for: counting input signals, measuring input signal pulse width,
and generating output waveforms. Advanced timers feature complementary outputs, dead-time insertion, and brake
functions. They are suitable for motor control.
Main features include:
e 16-bit auto-reload counter (can implement up counting, down counting, up/down counting)
e 16-bit programmable prescaler (division factor configurable to any value between 1 and 65536)
e Programmable repetition counter
e Up to 9 channels for ATIMx
e 4 capture/compare channels, operating modes: PWM output, output compare, one-pulse mode output, input capture
e 2 brake input signals with digital filtering support
e Interrupts/DMA generated when the following events occur:
— Update event
— Trigger event
— Input capture
— Output compare
— Brake signal input
¢ Complementary outputs with programmable dead time
— For ATIMX, channels 1, 2, 3, and 4 support this feature
¢ Timer control via external signals
e  Multiple timers internally connected to achieve timer synchronization or linking
¢ Incremental (quadrature) encoder interface: for tracking running trajectory and decoding rotational position
e Hall sensor interface: for three-phase motor control

e Trigger input as external clock or for cycle-by-cycle current management

2.26.2 General-Purpose Timer (GTIMA1~7)

General-purpose control timers (GTIMAX) are mainly used for: counting input signals, measuring input signal pulse
width, and generating output waveforms.
Main features include:
e 16-bit auto-reload counter (can implement up counting, down counting, up/down counting)
e 16-bit programmable prescaler (division factor configurable to any value between 1 and 65536)
¢ Up to 4 channels for GTIMAx
e  Channel operating modes: PWM output, output compare, one-pulse mode output, input capture
o Interrupts/DMA generated when the following events occur:
— Update event
— Trigger event

— Input capture
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— Output compare

Timer control via external signals

Multiple timers internally connected to achieve timer synchronization or linking

Incremental (quadrature) encoder interface: for tracking running trajectory and decoding rotational position

Hall sensor interface: for three-phase motor control

2.26.3 General-Purpose Timer (GTIMB1~3)

General-purpose control timers (GTIMBX) are mainly used for: counting input signals, measuring input signal pulse

width, and generating output waveforms. General-purpose timers (GTIMBX) feature complementary outputs, dead-time

insertion, and brake functions.

Main features include:

16-bit auto-reload counter (can implement up counting, down counting, up/down counting)

16-bit programmable prescaler (division factor configurable to any value between 1 and 65536)
Programmable repetition counter

Up to 5 channels for GTIMBx

4 capture/compare channels, operating modes: PWM output, output compare, one-pulse mode output, input capture
1 brake input signal with digital filtering support

Interrupts/DMA generated when the following events occur:

— Update event

— Trigger event

— Input capture

— Output compare

— Brake signal input

Complementary outputs with programmable dead time

— For GTIMBX, channel 1 supports this feature

Timer control via external signals

Multiple timers internally connected to achieve timer synchronization or linking

Incremental (quadrature) encoder interface: for tracking running trajectory and decoding rotational position
Hall sensor interface: for three-phase motor control

Trigger input as external clock or for cycle-by-cycle current management

2.26.4 Basic Timer (BTIM1~4)

Basic timers include a 32-bit auto-reload counter.

Main features include:

32-bit auto-reload up-counting counter

16-bit programmable prescaler (division factor configurable to any value between 1 and 65536)
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e Events generating interrupts/DMA:
— Update event

2.26.5 Low-Power Timer (LPTIM1~5)

LPTIM is a 16-bit timer with multiple clock sources that can continue running in all power modes. LPTIM can operate
without an internal clock source and can be used as a "pulse counter." Additionally, LPTIM can wake up the system
from low-power modes, implementing a "timeout function" with extremely low power consumption.
Main features include:
e  16-bit up counter
e  3-bit prescaler, 8 division factors (1, 2, 4, 8, 16, 32, 64, 128)
e  Multiple clock sources:
— Internal clock sources: LSE, LSI, HSI, MSI, or APB clock
— External clock source: External clock input through LPTIM Inputl (operates without LP oscillator running,
used for pulse counter applications)
e 16-bit auto-reload register (LPTIM_ARR)
e 16-bit compare register (LPTIM_CMP)
¢ Continuous or single-trigger counting mode
e Programmable software or hardware input trigger
e Programmable digital filter for glitch filtering
¢ Configurable output (PWM)
e Configurable 10 polarity
e Encoder mode

e Pulse counting mode, supporting single-pulse counting, dual-pulse counting (quadrature and non-quadrature)

2.26.6 Watchdog Timer (WDG)
Built-in independent watchdog (IWDG) and window watchdog (WWDG) timers solve problems caused by software

errors. Watchdog timers are very flexible to use, improving system security and timing control accuracy.

Independent Watchdog IWDG)

The Independent Watchdog (IWDG) is driven by the low-speed internal clock (LSI clock) running at 32KHz, and it can
continue to run even when dead loop events or MCU hangs occur. This provides a higher level of security, timing
accuracy, and watchdog flexibility. It can solve system failures caused by software faults through reset. IWDG is most
suitable for applications that require the watchdog to run as a completely independent process outside the main
application but with lower timing precision requirements.

Main features include:

e Independent 12-bit down counter

e RC oscillator provides an independent clock source, can work in SLEEP, STOPO, and STANDBY modes
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e Can match reset and low-power wake-up
e System reset when the down counter reaches 0x000 (if the watchdog is activated)
Window Watchdog (WWDG)
The Window Watchdog (WWDG) clock is derived from the APBI1 clock frequency divided by 4096, and it detects
program abnormalities through time window configuration. Therefore, WWDG is suitable for precise timing and is
commonly used to monitor software failures caused by external interference or unforeseeable logical conditions that
cause applications to deviate from their normal operating sequence.
Main features include:
e 14-bit independent programmable down counter
e  When WWDG is enabled, reset occurs in the following cases:
— When the down counter value is less than 0x40
— When the counter value after decrement is greater than the window register value during reload

o Early wake-up interrupt

2.27 I*C Bus Interface

12C (Inter-Integrated Circuit) bus is a widely used bus structure that uses only two bidirectional lines: the data bus
(SDA) and the clock bus (SCL). Through these two lines, all I2C bus-compatible devices can communicate directly
with each other.
The 12C bus interface handles communication between the microcontroller and the serial 12C bus. It provides multi-
master functionality and can control all I2C bus-specific sequences, protocols, arbitration, and timing. It supports
Standard Mode (Sm), Fast Mode (Fm), and Fast Mode Plus (Fm+). It is also compatible with SMBus (System
Management Bus) and PMBus (Power Management Bus). The 12C interface module also supports DMA mode, which
can effectively reduce CPU load.
The main features of the I12C interface are described as follows:
e 12C bus specification v3 compatibility:

— Slave mode and master mode

— Multi-master functionality

— Standard Mode (up to 100 kHz) / Fast Mode (up to 400 kHz)

— Fast Mode Plus (up to 1 MHz) / High-Speed Mode (up to 3.4 MHz)

— 7-bit and 10-bit addressing modes

— Multiple 7-bit slave addresses (2 slave address registers, 1 with configurable mask segment)

— All 7-bit address acknowledge mode

— Broadcast call

— Software-configurable data setup and hold times on the bus

— Interrupts and clock stretching

o SMBus specification v3.0 compatibility:
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— Hardware CRC (packet error checking) generation and verification with ACK control
— Command and data acknowledgment control
— Support for Address Resolution Protocol (ARP)
— Host and device support
— SMBus alert
— Timeout and idle state detection
e PMBus rev 1.3 standard
Other features:
e Programmable buffer up to 8 bytes / burst buffer with DMA
e Programmable analog and digital noise filters

¢ Independent clock source, making I12C communication speed unaffected by i2¢_pclk reprogramming

2.28 Flexible External Memory Controller (FEMC)

The Flexible External Memory Controller (FEMC) is used to access various off-chip memory devices. It allows for
convenient expansion of different types of large-capacity static memory according to application needs, enabling the
simultaneous expansion of multiple different types of static memory without adding external interfaces. All external
memories share the address, data, and control signals output by the FEMC controller, and the FEMC distinguishes
different external devices through a unique chip select signal.
Main features include:
e  Supports external expansion of the following devices:
— SRAM
— PSRAM
— ROM
— NOR Flash
— NAND Flash (SLC)
— LCD (8080/6800)
¢  Supports two NAND flash blocks, hardware 1bit-ECC can detect up to 2KB of data
e  Supports burst access mode for synchronous devices, such as NOR flash and PSRAM
e  Supports 8/16/32-bit data bus
e Each memory block has independent chip select control
e Various devices can be supported through timing programming
e Automatically converts 64-bit AXI access requests to consecutive 32-bit or 16-bit or 8-bit access requests based on
the data width of the external memory, to communicate with external 32-bit or 16-bit or 8-bit memory devices
e Supports write enable and byte select output for PSRAM and SRAM devices
e External asynchronous wait control

e Supports low-power management
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2.29 Universal Synchronous Asynchronous Receiver Transmitter (USART)

The Universal Synchronous Asynchronous Receiver Transmitter (USART) is a full-duplex serial data exchange

interface that supports synchronous or asynchronous communication. It can be flexibly configured to facilitate full-

duplex data exchange with various external devices.

The USART interface transmit and receive baud rates are configurable, and it also supports continuous communication

via DMA. USART also supports multi-processor communication, LIN mode, synchronous mode, single-wire half-

duplex communication, smart card asynchronous protocol, IrDA SIR ENDEC functionality, and hardware flow control.

Main features include:

e  Supports full-duplex, asynchronous communication

e  Supports single-wire half-duplex communication

¢ Configurable baud rate, with maximum baud rate up to 37.5Mbit/s

e Supports 8x or 16x oversampling

e  Supports 8-bit or 9-bit data frames

e  Supports two internal FIFOs for transmitting and receiving data

e  Supports 1-bit or 2-bit stop bits

e  Supports hardware-generated parity bits and parity checking

e  Supports hardware flow control: RTS, CTS

e  Supports RS-485

e  Supports DMA transmit and receive

e  Supports multi-processor communication: enters silent mode if address doesn't match, can be awakened by idle bus
detection or address identification

e  Supports synchronous mode, allowing user control of bidirectional synchronous serial communication in master
mode

e  Supports smart card asynchronous protocol, compliant with ISO7816-3 standard

e Supports Serial Infrared Protocol (IrDA SIR) encoding and decoding, providing normal and low-power operating
modes

e  Supports LIN mode

e  Supports multiple clock error detection: data overflow error, frame error, noise error, parity error

¢  Supports multiple interrupt requests: transmit data register empty, CTS flag, transmission complete, data received,
data overflow, bus idle, parity error, LIN mode break frame detection, and noise flag/overflow error/frame error in

multi-buffer communication
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Mode configuration:

Communication Mode USART1~USART?7 UART9~UARTI15

Asynchronous Mode Y Y
Multi-processor Y Y

LIN Y Y

Synchronous Mode Y N
Single-wire Mode (Half-duplex) Y Y
Smart Card Mode Y N

IrDA Infrared Mode Y Y
DMA Communication Mode Y Y
Y Y

Hardware Flow Control Mode

Y = Mode supported, N = Mode not supported

2.30 Low-Power Universal Asynchronous Receiver Transmitter (LPUART)

The Low-Power Universal Asynchronous Receiver Transmitter (LPUART) is a low-power, full-duplex, asynchronous

serial communication interface. LPUART can be clocked by LSE, HSE, HSI, MSI, SYSCLK, and PCLK. When the

32.768kHz LSE is selected as the clock source, LPUART can operate in STOP0/2 low-power modes with a maximum

communication rate of up to 9600bps. LPUART supports wake-up by receiving data. By configuring wake-up events,

the CPU in STOP0/2 mode can be awakened.

At the same time, when the MCU is working in RUN mode, LPUART can also be used as a regular asynchronous

serial port. Users can switch the clock source to HSI, SYSCLK, and PCLK to achieve higher communication speeds.

The main features of LPUART are as follows:

¢ Full-duplex asynchronous communication

e Selectable HSI, HSE, LSE, MSI, SYSCLK, or PCLK clock sources

¢ Fractional baud rate generator system: programmable baud rate up to SMbits/s shared between transmit and
receive; baud rates from 300bps to 9600bps when using a 32.768 kHz clock source (LSE)

e Fixed 8-bit data word length, 1 stop bit, and optional 1 parity bit

e  Supports DMA data transfer

e  Supports hardware flow control

o Transmission detection flags: receive buffer full, receive buffer half-full, receive buffer not empty, receive buffer
overflow, transmission complete, transmit buffer full, transmit buffer half-full, transmit buffer not empty

e Parity control: parity selection, parity can be disabled

o  Error detection flags: parity error, overflow error, noise error

e 32-byte receive buffer, 8-byte transmit buffer

o Low-frequency baud rate error correction

e Configurable sampling method with 1 or 3 samples

e Noise detection

e Configurable RTS threshold for flow control

e Supports configurable source modes in STOP0/2 mode: start bit detection, receive buffer not empty detection, one

configurable receive byte (1~32 bytes), and programmable 8-byte frame
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2.31 Flexible Data-rate Controller Area Network (FDCAN)

The FDCAN module complies with the ISO 11898-1:2015 standard, supports CAN 2.0A/B and CAN FD protocols,
and is compatible with the non-ISO standard Bosch protocol.

In addition, the CAN modules FDCAN1&2&3&4 also support Time-Triggered CAN (TTCAN) as specified in ISO
11898-4, including event-synchronized time-triggered communication, global system time, and clock drift
compensation. FDCAN1&2&3&4 include additional registers dedicated to time-triggered functionality. CANFD can
optionally be used with event-triggered and time-triggered CAN communication.

The FDCAN modules share two message RAM areas, and each FDCAN can freely select SRAMS BANK1 or SRAMS
BANK?2 for receive message filters, receive FIFOs, receive buffers, transmit buffers, transmit event FIFOs (and
TTCAN triggers). The message RAM is located in the MCU's internal SRAM, with configurable start addresses, and a
single FDCAN can be allocated up to 4480 words (32-bit).

Main features include:

o Complies with ISO 11898-1:2015 and ISO 11898-4 standards

e Supports CAN FD with up to 64 bytes of data

o  Supports fully hardware-implemented TTCAN Level 1 and Level 2 (only supported by FDCAN1/2/3/4)

e Supports CAN error logging

o  Supports AUTOSAR standard

e  Supports SAE J1939 standard

¢ Enhanced receive filter functionality

e Two configurable receive FIFOs

e Separate signal indication when receiving high-priority messages

e Up to 64 dedicated receive buffers

o Up to 32 dedicated transmit buffers

o Configurable transmit FIFO or queue

e Configurable transmit event FIFO

e  Supports configurable message RAM, shared by 8 FDCAN controllers

e Programmable loopback test mode

¢ Maskable module interrupts

e Two clock domains: CAN core clock and APB bus clock

¢  Supports power-down mode

2.32 Serial Peripheral Interface/Inter-IC Sound Bus (SPI/12S)

SPI allows chips to communicate with external devices in half/full duplex, synchronous, serial mode. SPI can be

configured in master mode and multi-master mode, and provides communication clock (SCK) for external slave
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devices. It can be used for various purposes, including dual-line simplex synchronous transmission using a single

bidirectional data line, and also supports hardware CRC verification.

12S is also a synchronous serial interface communication protocol. It supports four audio standards, including Philips

12S standard, MSB and LSB aligned standards, and PCM standard. In half-duplex communication, it can work in both

master and slave modes. When acting as a master device, it can provide clock signals to external slave devices through

the interface.

The main features of the SPI interface are as follows:

e Full-duplex and simplex synchronous modes

¢  Support for master mode, slave mode and multi-master mode

e  Support for 8-bit or 16-bit data frame formats

e Programmable data bit order

e Hardware or software chip select management

e Configurable clock polarity and clock phase

e Hardware CRC calculation and verification support for transmission and reception

e  Support for DMA transfer function

e  8-byte receive/transmit FIFO

The main features of the 12S interface are as follows:

e Half-duplex and full-duplex synchronous modes

¢  Support for master mode and slave mode operation

e 4 audio standards supported: Philips 12S standard, MSB-aligned standard, LSB-aligned standard, and PCM
standard

¢ Configurable audio sampling frequency, ranging from 8KHz to 192KHz

e Configurable steady-state clock polarity

e MSB data direction

e  Support for DMA transfer function

¢  Support for multiple selectable clock sources

2.33 Multi-line Serial Peripheral Interface (xSPI)

xSPI is an interface for single/dual/quad/octal line SPI peripheral communication. It can operate in two modes: indirect

mode and memory-mapped mode.

Supported modes:

e Indirect mode: all operations executed using xSPI registers

¢  Memory-mapped mode: external flash is mapped to the microcontroller address space, allowing the system to treat
it as internal storage

Main features:

e Data communication supports single/dual/quad/octal line modes
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Supports Single SPI/Normal SPI, DUAL SPI, QUAD SPI, Dual-QUAD, OCTAL SPI modes
Maximum transfer rate up to 133 MHz
Supports Motorola SPI:
o Standard/Dual/Quad/Octal SPI
Supports Single Data Rate (SDR) and Double Data Rate (DDR) modes
Read data strobe and data masking support for DDR transfers
Supports clock extension
Frame format and operation codes are software configurable in both indirect and memory-mapped modes
Integrated FIFO for transmission and reception
Allows 8/16/32-bit data access
Dedicated 32x32bit TX FIFO and 32x32bit RX FIFO
Supports DMA
XIP mode supports SPI read, does not support XIP write
— Supports continuous transfer mode
— Supports data prefetching
Supports automatic code decryption for XSPI peripherals: XSPI peripheral code is stored encrypted, automatically
decrypted when executing without affecting peripheral access speed; decryption can be enabled/disabled via
software; root key stored in NVR area, not accessible to users
Supports serial NAND FLASH, NOR FLASH, and PSRAM
Host mode supports 4 external chip select outputs; slave mode supports 1 chip select input; all IOs that are
multiplexed as chip select outputs in host mode can be multiplexed as chip select inputs in slave mode

Supports multi-master arbitration function

2.34 Universal Serial Bus High-Speed Dual Role Interface
(USB_HS DualRole)

The USB High-Speed Dual Role interface (USB HS Dual Role), referred to as USBHS. The USBHS controller is

designed to provide high-speed data transfer and a standard interface for connecting external devices. USBHS supports

both Host mode and Device mode and includes an internal USB high-speed PHY that can be configured for high-speed

or full-speed operation, eliminating the need for external PHY chips. USBHS can support all four transfer types defined

by the USB 2.0 protocol (control transfer, bulk transfer, interrupt transfer, and isochronous transfer). Additionally,

USBHS includes an internal DMA that can accelerate data transfer between USBHS and the system as an AHB bus

master.

Main features:

Supports USB 2.0 High-speed (480Mb/s)/Full-speed (12Mb/s)/Low-speed (1.5Mb/s) Host mode
Supports USB 2.0 High-speed (480Mb/s)/Full-speed (12Mb/s) Device mode

Supports all 4 transfer types: control transfer, bulk transfer, interrupt transfer, and isochronous transfer
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Built-in high-speed PHY supporting high-speed, full-speed, and low-speed modes without external PHY
Supports HS SOF, FS SOF, and LS Keep-alive tokens

SOF pulse can be output through PAD

SOF pulse internally connected to timer (TIMx)

Supports A-B device identification (ID line)

Embedded DMA with software-configurable AHB bulk transfer type

Power-saving features such as stopping the system during USB suspension, turning off digital module clock, and
managing PHY and DFIFO power

Has 4 KB dedicated RAM

Contains 16 host channels in Host mode, each supporting any type of USB transfer

Built-in hardware scheduler in Host mode:

— Stores up to 16 interrupt plus isochronous transfer requests in periodic hardware queue

— Stores up to 16 control plus bulk transfer requests in non-periodic hardware queue

In Host mode, includes one RX FIFO, one periodic transfer TX FIFO, and one non-periodic transfer TX FIFO
In Device mode, includes 1 bidirectional control endpoint 0, plus 8 IN endpoints and 8 OUT endpoints; both IN
and OUT endpoints can be configured for bulk, interrupt, or isochronous transfers

Device mode includes a shared RX FIFO and a TX-OUT FIFO, plus 9 dedicated TX-IN FIFOs

Supports soft disconnect function

2.35 Secure Digital Multimedia Card (SDMMC)

SDMMC provides host interface for SD storage cards, SDIO cards, and MMC devices, supporting only one protocol
stack version of SD/SDIO/MMC card at a time.

The basic transfer of bus communication is command/response, which directly transfers information in the command or

response structure. Data transfers include block mode, SDIO multi-byte mode, and MMC continuous data stream

mode.

Main features:

Compatible with SD Host Controller Standard Specification V3.00

Compatible with SD Physical Layer Interface Specification V3.00

Compatible with SDIO Standard Specification V3.00

Compatible with eMMC Standard Specification V4.51

Supports 1-bit/4-bit SD card and SDIO modes

Supports UHS-I interface, requiring level conversion when external devices use 1.8V power supply
Supports DS, HS, SDR12, SDR25, SDR50, DDR50, and SDR104 transfer modes

Supports 1-bit, 4-bit, and 8-bit MMC modes and BOOT mode

Supports single block/multi-block read and write

Supports maximum block size of 512 bytes in SD&SDIO mode, 2048 bytes in eMMC mode
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¢  EMMC maximum clock frequency 200MHz (limited by maximum /O frequency), maximum transfer rate up to
1.6Gbps (HS200 mode, 8-bit)

e Fully configurable 2048*2 byte read/write FIFO

e Supports internal dedicated DMA functionality

2.36 DVP Interface

DVP is a flexible and powerful CMOS optical sensor interface that can easily implement customer image acquisition
requirements without CPU intervention during the entire acquisition process.
This module can receive high-speed data from traditional or ITU-R BT.656 format CMOS image sensors. It supports
data formats: YCbCr422 and RGB565 progressive, compressed data (JPEG).
Main features:
e  Pure hardware acquisition method
e Pure input interface
e  Supports 8-bit, 10-bit, 12-bit, and 16-bit traditional synchronous parallel interfaces
e  Supports 8-bit and 10-bit ITU-R BT.656 video formats
e  Supports 8-bit and 16-bit YCbCr, YUV, and RGB data formats
e Supports 8-bit, 10-bit, and 16-bit Bayer data formats
e  Supports clock output (via MCO output, typical value 48MHz), providing clock to external CMOS optical sensors
e Input pixel clock DVP_PCLK, frame sync signal DVP_VSYNC, line sync signal DVP_ HSYNC polarities can all
be independently configured
e Features 16x4 byte FIFO for receiving pixel data
e  Supports FIFO overflow protection
e Supports DMA, no CPU intervention required during image acquisition
e Image acquisition size must be a multiple of 4 bytes
e Supports hardware inversion of acquired image data
e  Maximum support for 1280*720@30 Hz
e Supports continuous mode and snapshot mode
e  Supports hardware cropping
¢  Supports multiple data formats:
— YCbCr422 progressive video
— RGB565 progressive video
— Compressed data (JPEG)

2.37 Graphics Processing Unit (GPU)

Supports a 2.5D GPU for high-resolution displays in embedded systems. This module is optimized even when

processing millions of pixels per frame.
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Main features supported by the 2.5D GPU:

High rendering quality
— Sub-pixel accurate rendering
— Direct edge anti-aliasing
— Primitive edge blur
— Static dithering during frame buffer writeback can enhance RGB565 output
High performance
— 300M pixels/second fill rate (300MHz clock, single pipeline)
— Prefetch cache
Hardware accelerated primitives
— Fast clear/rectangle fill
— Lines
— Triangles
— Quadrilaterals
— Bezier curves
— Advanced Blit operations, supporting scaling, stretching, rotation, tinting, and Alpha blending
— Convolution filtering
Blending
— Normal Alpha blending
— Independent Alpha/color blending
— Source/destination factors: 0, 1, source Alpha, 1-source Alpha
Textures
— Supports 4096 x 4096 texture size
— Flexible texture color format handling
o ARGBS8888, RGBA8S8, RGB88E, BGR88S, ARGB8565, RGBAS658, ARGB4444, RGBA4444,
ARGBI1555, RGBA5551, RGB565, ALSS, AL44, AL17, ALS, AL4, AL2, AL1, ARGB2222,
RGBA2222
— CLUT (Color Look-Up Table) index formats
o Applicable to all ALx formats
— RLE texture decompression
— Texture addressing modes
o Standard linear
o Scramble
o Reverse scramble

o Virtual tiling
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e Frame buffer
— Supports 4096 x 4096
— ARGB8888, RGBA8SS, RGB888, BGR888, ARGB8565, RGBA5658, ARGB4444, RGBA4444, ARGB1555,
RGBAS5551, RGB565, A8, L8, AL17, ARGB2222, RGBA2222
— Blending modes: blend, multiply, multiply-add, darken, lighten
e Performance verification
— Performance counters
— Visual enumeration efficiency

— Visual cache burst access length

2.38 Image Codec (JPEG)

Supports a JPEG codec for encoding or decoding uncompressed image data streams in JPEG compression mode,
compliant with ISO/IEC 10918-1 standard.

Main features supported by the ENCODER:

e  Supports single frame images and Motion JPEG payload
e  Supports 8-bit color component sampling

e  Supports up to 3 color components

¢  Supports maximum image size of 64K x 64K

e Supports YCbCr and BW (grayscale) image color spaces
e YCbCr/YUV 4:4:4,4:2:2,4:2:0

e Configurable JPEG header generator

e 3 programmable 8-bit quantization tables

e 4 programmable Huffman tables (two AC tables and two DC tables)
¢  Minimum Coding Unit (MCU) fixed at 8 x 8

Main features supported by the DECODER:

¢  Supports single frame images and Motion JPEG payload
e  Supports 8-bit color component sampling

e  Supports up to 3 color components

e  Supports maximum image size of 64K x 64K

e Supports YCbCr and BW (grayscale) image color spaces
e YCbCr/YUV 4:4:4, 4:2:2,4:2:0

¢ Configurable JPEG header generator

e 3 programmable 8-bit quantization tables

e 4 programmable Huffman tables (two AC tables and two DC tables)
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2.39 Ethernet (ETH)

Lk The Ethernet module uses dedicated DMA to optimize packet transmission and reception performance. The ETH

module supports standard interfaces for communication with the physical layer (PHY): MII, RMII, to enable sending

and receiving of Ethernet packets.

Main features:

MAC Tx and Rx Common Features

e Provides independent transmission, reception, and control interfaces for applications

e  Supports the following PHY interfaces for 10/100/1000Mbps data transfer rates:
— MII, for communication with external Fast Ethernet PHY
— RMII, for communication with external Fast Ethernet PHY

e Half-duplex operation:
— Supports CSMA/CD protocol
— Supports backpressure flow control

e 32-bit data transfer interface on application side

¢  Full-duplex flow control operation (IEEE 802.3x pause packets and priority flow control)

e  Supports forced network statistics via RMON or MIB counters (RFC2819/RFC2665)

e FEthernet packet timestamping as described in IEEE 1588-2002 and IEEE 1588-2008 (provides 64-bit timestamp in
Tx or Rx status of PTP packets), supports one-step and two-step timestamps in TX direction

e Supports flexible control of second pulse output (PPS)

e Supports MDIO (Clause 22 and Clause 45) master interface for PHY device configuration and management

MAC Tx Features

e Preamble and SFD insertion in the transmit path

e Provides separate 32-bit status for each packet transmitted by application

e Automatic CRC generation and padding bytes (PAD) for each packet transmitted

e Programmable packet length to support standard Ethernet packets or jumbo Ethernet packets up to 16KB

¢ Programmable inter-packet gap (40~96 bits, with 8-bit steps)

¢ IEEE 802.3x flow control automatically transmits zero-wait pause packets on transition of flow control input from
valid to invalid (in full-duplex mode)

e Source address field insertion or replacement, and VLAN insertion, replacement, and deletion in transmit packets
(per-packet control or static-global control)

¢ Up to two VLAN tags can be inserted, replaced, or deleted

e Transmission of packets with smaller preamble size in full-duplex mode

e Supports queue/channel-based VLAN tag insertion, replacement, or deletion

MAC Rx Features

e Automatic PAD and CRC stripping in receive path
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Preamble and SFD removal in receive path

Programmable watchdog timeout limit

Flexible address filtering:

— 4 perfect 48-bit destination address (DA) filters with byte masks

— 4 source address (SA) checking filters with byte masks

— 64-bit hash filter for multicast and unicast (DA) addresses

— Support for forwarding all multicast address packets

— Support for promiscuous mode, passing all packets without filtering for network monitoring
— Status report included with all incoming packets (with each filtering)

Additional packet filtering:

— VLAN tag-based: perfect match and hash filtering (filtering based on outer or inner VLAN tag)
— Layer 3 and Layer 4-based: TCP/UDP based on IPv4/IPv6

Supports IEEE 802.1Q VLAN tag detection and removal of VLAN tags from received packets
Detection of wake-up packets and AMD magic packets

Forwarding received pause packets to application (in full-duplex mode)

Layer 3/Layer 4 checksum offload for received packets

MTL Tx and Rx Common Features

32-bit transaction layer module (connecting application and MAC)

Performs data transfers using simple FIFO protocol

Optimizes packet-oriented transfers using packet separators

Dual-port RAM based on asynchronous FIFO controllers

Programmable burst length up to half the size of MTL Rx or Tx queue to support burst data transfers in MTL
configuration

Programmable threshold capability for each queue (default threshold 64 bytes)

MTL Tx Features

2KB transmit FIFO with programmable threshold capability

Supports one queue in transmit path

Store-and-forward mode or threshold mode (cut-through mode)

Automatic retransmission of collision frames in half-duplex mode

Drops packets on late collision, excessive collision, excessive deferral, and underrun
Calculates and inserts IPv4 header checksum and TCP, UDP, or ICMP checksum
Statistics by generating pulses for packets dropped in transmit FIFO (due to underflow)
Packet-level control:

— VLAN tag insertion or replacement

— Ethernet source address segment insertion
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— Layer 3/Layer 4 checksum insertion control
— One-step timestamp
— Timestamp control

— CRC and PAD control

MTL Rx Features

2KB receive FIFO with configurable threshold

Supports one queue in receive path

Inserts Rx status vector into Rx queue after EOP/EOF (threshold mode) and before SOP/SOF
Programmable Rx queue threshold in threshold mode (cut-through mode) (default fixed 64 bytes)

In store-and-forward mode, can filter all error packets during reception and not forward them to application
Supports forwarding runt (under-length) error-free packets

Statistics by generating pulses for packets lost in receive FIFO (due to overflow)

Automatically generates pause packet control signals or backpressure signals to MAC based on Rx queue fill level

DMA Features

32-bit data transfer

Separate DMA in transmit path and receive path

Optimizes packet-oriented DMA transfers with packet separators

Supports byte-aligned addressing of data buffers

Supports dual buffer (ring) descriptors

Descriptor architecture allows transferring large data blocks (up to 32K bytes per descriptor) with minimal CPU
intervention

Comprehensive status reporting for normal operation and transmission errors

Independently programmable burst lengths for Tx DMA and Rx DMA engines to optimize host bus utilization
Programmable interrupts for various operating conditions

Packet-based transmit or receive completion interrupt control

Supports round-robin or fixed priority arbitration between receive and transmit engines

Start and stop modes

Independent ports for host CSR (Control Status Register) access and host data interface

Supports TCP Segmentation Offload (TSO)

AHB Master Interface Features

32-bit data for application data access
Little-endian mode

Software-selectable AHB burst type (fixed burst, indefinite burst, or mixed burst)

AHB Slave Interface Features

32-bit data for CSR access
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e Little-endian mode

e Supports all burst types

Monitoring, Testing, and Debugging Features

e Loopback mode under MII interface for debugging

e DMA status (Tx and Rx) as status bits

e Debug status register showing FSM states and FIFO fill levels in transmit and receive paths
e Application abort status bit

¢ MMC (RMON) module

e Current Tx or Rx buffer pointer as status register

e Current Tx or Rx descriptor pointer as status register

e Tx or Rx queue memory accessible via slave port for debugging

2.40 Cyclic Redundancy Check Unit (CRC)

The CRC calculation unit can generate CRC calculation results in 8-bit, 16-bit, or 32-bit input data according to
specified generating polynomials. In other applications, CRC-based techniques are used to verify data transmission or
storage integrity. Within the scope of functional safety standards, they provide a method to verify flash memory
integrity. The CRC calculation unit helps calculate software signatures at runtime for comparison with reference
signatures generated at link time and stored at given memory locations.
Main features:
e Default use of CRC-32 (Ethernet) generating polynomial: 0x4C11DB7
o X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1
e Supports user-defined generating polynomials with configurable size: 7-bit, 8-bit, 16-bit, or 32-bit
e Can process 8-bit, 16-bit, or 32-bit input data
¢ Configurable CRC initial value
e Single input or output data register
¢ Built-in input buffer to avoid bus stalling during calculation
e 32-bit data CRC calculation completed in 4 AHB clock cycles (HCLK)
e Supports general-purpose 32-bit register (available for temporary data storage)
e Configurable input and output data bit order
¢ Supports XOR operations between input/output data and specified (configurable) data

2.41 Secure Data Processing Unit (SDPU)

SDPU combines SAC and SDMA modules, with SAC including AES, DES, SM4, SHA, and RNGC (entropy post-
processing) algorithms. SDMA transfers computation data from SRAM to SAC and transfers computation results from
SAC to SRAM.

SDPU main features:
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o  Supports DES symmetric algorithm
— Supports DES and 3DES encryption/decryption operations
— TDES supports 2KEY and 3KEY modes
— Supports CBC and ECB modes
e Supports AES symmetric algorithm
— Supports 128bit/192bit/256bit key lengths
— Supports CBC, ECB, CTR modes
e  Supports SM4 symmetric algorithm
— Supports CBC, ECB modes
e Supports SHA hashing algorithm
— Supports SHA1/SHA224/SHA256/SHA384/SHAS512
¢  Supports Random Number Generator (RNG)
— Supports True Random Number (TRNG) and Pseudo-Random Number (PRNG) modes
— Supports LSFR129 post-processing
— Supports XOR combining of all sources
— Supports FIPS-140 CAVP
e  Supports simultaneous operation of RNG and other algorithms
e  Supports FIFO configuration
— Supports algorithm data configuration through FIFO
e  Supports SDMA data transfer
o Supports automatic data transfer from SRAM to SRAM as master data via AHB interface
— Supports SRAM base address transfer through parameters
— Supports maximum data transfer size of 4KB (1024 words)
— Supports data transfer size checking
— Supports CRC16 verification
— SRAM supports maximum 2MB (512K words)

— Supports data reconnection in cases of source/destination address offset = 1/2/3

2.42 Debug Interface (DBG)

Embeds ARM's SWJ-DP interface, enabling software developers to debug and trace embedded firmware using
industry-standard debugging tools via JTAG or serial single-wire debug access port. Trace data can be captured
through the trace port for recording and analysis.

DBG main features:

e Breakpoint debugging

e Code execution tracing

e Software instructions
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JTAG debug port

Serial line debug port
Trigger inputs and outputs
Serial line trace port
Synchronous trace port

Debugging and tracing in low-power modes
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3 Pin Definition and Description

3.1 Package Diagram
3.1.1 TFBGA100 Pin Distribution

1 2 3 4 5
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3.1.2 LQFP100 Pin Distribution

PCl4-
0SC32_ IN
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89 :‘ PB3
88 :I PD7
87 :‘ PD6

86 :‘ PD5

85 PD4

84 :I PD3

83 :‘ PD2

82 :‘ PDI1

81 PDO
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80 :I PC12
79 :‘ PC11
78 :‘ PC10
77 :‘ PAIS
76 :‘ PAl4
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93 :‘ PB7
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90 :l PB4

LQFP100

PES8 I: 38

54 /160

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



NSING nsing.com.sg

3.1.3 LQFP144 Pin Distribution

~N

.144 :] VDD
143 :] NC
142 :] PEI
141 :] PEO
140 :] PB9
139 :] PB8
138 :] BOOTO
137 :] PB7
136 :] PB6
135 :] PB3
134 :] PB4
133 :] PB3
132 :] PG15
131 :] VDD
130 :] VSS
129 :] PG14
128 :] PG13
127 :] PGI2
126 :] PGI1
125 :] PG10
124 :] PGY
123 :] PD7
122 :] PD6
121 :] VDD
120 :] Vss
19 :] PDS
118 :] PD4
17 :] PD3
116 :] PD2
115 :] PDI
114 :] PDO
113 :] PC12
112 :] PC11
111 :] PC10
110 :] PAIS
109 :] PAl4

=
2

PE2 [: :] VDD
PE3 [: 2 107 :] vss
PE4 [: 3 106 :] VCAP
PES [: 4 105 :] PAI3
PE(-;[:S 104:]PA12
VBAT [: 6 103 :] PAll
PCI3 [: 7 102 :] PAI0
EEY
oscsnglLvsf :] pAs
PFO [: 10 9 :] PCY
PF1 [: 1 98 :] PC8
PF2 [: 12 97 :] PC7
PF3 [: 13 9% :] PC6
PF4 [: 14 95 :] VDD33_USB
PFS [: 15 94 :] Vss
vss [: 16 93 :] PGS
VDD [: 17 92 :] PG7
PF6 [: 18 91 :] PG6
PF7 [: 19 LQFP144 90 :] PGS
PF8 [: 20 89 :] PG4
PF9 [: 21 88 :] PG3
PF10 [: 22 87 :] PG2
PHO0-OSC_IN [: 23 86 :] PDIS
o&j)"'U’T 2 85 :] PD14
NRST [: 25 84 :] VDD
PCO [: 26 83 :] Vss
PCl [: 27 82 :] PDI3
PC2.C [: 28 81 :] PDI12
PC3 C [: 29 80 :] PDI1
VDD [: 30 79 :] PDI10
VSSA [: 31 78 :] PD9
VREF+ [: 32 77 :] PD8
VDDA [: 33 76 :] PBI15
PAO [: 34 75 :] PB14
PAI [: 35 74 :] PBI3
PA2 [: 36 73 :] PBI2

>

©
=
8

PA3 [: 37
vss [ |3
VDD [: 39
PA4 [: 40
PAS [: 41
PAG6 [: 42
PA7 [: 43
pCs [: m
PCS [: 45
PBO [: 46
PBI [: 47
PB2 [: 48
PF11 [: 49
PF12 [: 50
VSS [: 51
VDD [: 52
PF13 [: 53
PFI4 [: s4
eris [ |ss
PGO [: 56
PG1 [: 57
PE7 [: 58
PE8 [: 59
PE9 [: 60
VSS [: 61
VDD [: 62
PEI0 [: 63
PEI1 [: 64
PE12 [: 65
PE13 [: 66
PE14 [: 67
PEI5 [: 68
PB10 [: 69
PBI11 [: 70
VCAP [: 71
VDD [: 72
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3.2 Pin Multiplexing Table 3-1 Pin definition
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Package

LQFP144

TFBGA100

LQFP100

Pin
Name

Typ

/0
Structure

Fail-
safe®
Support

Optional Multiplexed Functions

Default Redefined

A3

PE2

10

TT

TRACECLK
SPI6 SCK
ETH1 MII_ TXD3/ETH1 GMII_TXD3GT
IMB1_ETR
DVP2 DO
FEMC_A23
USART5_RX
FDCAN4 TX

B3

PE3

10

TT

TRACEDO
ETH1_MII_ TXD2/ETHI_GMII_TXD2
GTIMB1_BRK
DVP2 DI -
FEMC_A19
USART5_TX
FDCAN4 RX

C3

PE4

10

FT

TRACEDI
SPI6 NSS
ETH2 PHY INTN
GTIMB1_CHIN

DVPI_D4 -
LCD B0
FEMC_A20
USART6 RX
DSMU_DATIN3

D3

PES

10

TT

TRACED2
SPI6_MISO
xSPI2_NCS1
GTIMB1_CHIP
DVPI_D6 -
LCD GO
FEMC_A21
USART6_TX
DSMU_CKIN3

E3

PE6

10

FT

TRACED3
SPI6_MOSI

ATIM1_BKIN2
GTIMBI1_CH2
DVPI_D7
LCD Gl
FEMC A22

B2

VBAT

VBAT -

A2

PC13

10

FT

RTC OUTI
RTC TAMPI
RTC TS
PWR_WKUP3

Al

PC14-
0SC32
IN

10

FT

PC14-08C32_IN .
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PC15-
B1 9 0SC32
_OuT

10

FT
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Yes PC15-08C32_OUT -

- 10 VSS

- 11 VDD

10

- - PFO

10

TT

xSPI2_100
ETH1_GMII_TXD4
GTIMA1 CHI
GTIMAS_CHI
DVP2 D0
Yes FEMC_A0 COMP3_OUT
SDRAM_A0
USARTI_TX
FDCAN4_TX
12C2_SDA
12C5_SDA

- - PF1

10

TT

xSPI2_101
ETH1_GMII_TXD5
GTIMAI1 CH2
GTIMAS_CH2
DVP2 DI
Yes FEMC_Al COMP3_INM
SDRAM Al
USARTI_RX
FDCAN4 RX
12C2 SCL
12C5 SCL

- - PF2

10

TT

SPI6 NSS
xSPI2_102
ETH1_GMII_TXD6
GTIMA1_CH3
GTIMAS5_CH3
GTIMB2_ETR
DVP2 D2
FEMC_A2
SDRAM A2
USARTI_CK
12C2_SMBA
12C5 SMBA

COMP3_INP

- - PF3

10

TT

SPI6 SCK
xSPI2_103
ETHI_GMII_TXD7
GTIMAI CH4
GTIMAS_CH4
Yes GTIMB2_CH4
DVP2 D3
FEMC A3
SDRAM A3
USARTI_CTS/USART1_NSS
12C6 _SDA

ADC3_INP5
COMP1_INM

- - PF4

TT

SPI6_MISO
xSPI2_CLK/xSPI2 CLKIN
ETH2 MII RX CLK/ETH2 RMII REF
CLK
GTIMA1 ETR
GTIMB2_CH3 ADC3_INN5
DVP2 D4 ADC3_INP9
FEMC_ A4
SDRAM_A4
USARTI_DE/USARTI _RTS
FDCAN5 TX
12C6 SCL
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- - PF5

10

TT
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SPI6_MOSI
xSPI2_NCLK
ETHI_GMII_GTX_CLK
ATIM3 BKIN1
GTIMB2_CH2
DVP2 D5
FEMC_A5
SDRAM A5
FDCAN5_RX
12C6_SMBA

ADC3_INP4
COMP1_INP

16

- - VSS

w2

17

- - VDD

18

- - PF6

10

TT

SPI5_NSS
xSPI2_103
ETH2_MDIO
ATIM3_ETR
ATIM4_ETR
GTIMAS _CHI
GTIMB2_CHIP
DVP1_PIXCLK
DVP2_ D5
UARTI1 RX
FDCAN3 RX

ADC3_INN4
ADC3_INP8
COMP2_INM

- - PF7

10

TT

SPI5_SCK
xSPI2_102
ETH2 MDC
ATIM3_CH4
ATIM4_CH3
GTIMAS5_CH2
GTIMB3_CHIP
DVP2_PIXCLK
UARTI1_TX
FDCAN3_TX

ADC3_INP3
COMP2_INP

20

- - PF8

10

TT

SPI5_MISO
xSPI2_100
ETH2 MII_COL
ATIM3_CHI
ATIM4_CH4
GTIMAS5_CH3
GTIMB2_CHIN
DVP2_HSYNC
SDMMC2_LEDCTRL
UART11 DE/UARTI11 RTS

ADC3_INN3
ADC3_INP7
COMP4_INM

21

- - PF9

TT

SPI5_MOSI
xSPI2_I01
ETH2 MII CRS
ATIM3_CH2
ATIM4_CHI
GTIMAS_CH4
GTIMB3_CHIN
DVP2 VSYNC
SDMMCI1_LEDCTRL
UARTII CTS

ADC3_INP2

22

- - PF10

TT

xSPI2_ CLK/xSPI2_ CLKIN
ETH2 PPS OUT
ATIM3_CH3
ATIM4_CH2
GTIMB2_BRK

DVP1 D11

LCD DE

FEMC A3

ADC3_INN2
ADC3_INP6
COMP4_INP
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PHO-
23 | Cl 12 | osCI| 10 FT Yes PHO-OSC_IN -
N
PHI-
24 | DI 13 | osCc_ | 10 FT Yes PH1-OSC_OUT -
OUT
25 | El 14 | NRST | I-O NRST Yes NRST -
ETH2 MII_RX DV/ETH2 RMII_CRS D
A
LCD G2
Féﬁl():_iszs ADC1_INP10
26 | F1 15 PCO 10 TT Yes FEMC_DI12/FEMC_DA12 ggﬁgg}g
SDRAM NWE -
SDRAM D12
DSMU_CKINO
DSMU DATIN4
TRACEDO
RTC_TAMP3
PWR_WKUP6
SPI2. MOSI ADCI_INN10
12S2_SDO ADCI _INPI1
ETH1 MDC ADC2 INN10
27 | F2 16 PC1 10 TT Yes ADC2 INP11
LCD G5 ADC3_INN10
SDMMC2_CK ADC3_INP11
FEMC_DO/FEMC_DAO
DSMU_CKIN4
DSMU DATINO
ADC2_INN1
ADC2 INPO
28 | E2 17 | PC2.C | 10 TT Yes - ADC3 INNI
ADC3 INPO
ADC2 INPI
29 | F3 18 | PC3 C| IO TT Yes - ADC3 INPL
30 - - VDD S - - - -
31 Gl 19 | VSSA S - - - -
32 - 20 VREF S - - ) -
JF
33 | H1 | 21 | vDDA | S - - - -
PWR_WKUPI
SPI4 NSS
12S4 WS
ETHI MII_CRS/ETH1 _GMII CRS
ATIM2_ETR
GTIMAI_CH1
34 | G2 | 22 PAO 10 TT Yes GTIMA1_ETR ADCI1_INP16
GTIMA4 CH1
GTIMB1_BRK
SDMMC2_CMD
FEMC_A19
USART2 CTS/USART2 NSS
UARTY TX
ETH1 _MII_RX CLK/ETHI RMII REF
CLK/ETHI_GMII_RX_CLK
GTIMA1 CH2
35 | H2 | 23 PAl 10 TT Yes GTIMA4 CH2 ig(éll—%fllg
GTIMBI1_CHIN -
LPTIM3 OUT
LCD R2
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USART2 DE/USART2 RTS
UART9 RX

36

12

24

PA2

10

TT

PWR_WKUP2
ETHI1 MDIO
GTIMAI1 CH3
GTIMA4 CH3
GTIMB1_CHIP
LPTIM4_OUT
LCD RI
USART2 TX

ADCI1_INP14
ADC2_INP14

37

25

PA3

10

TT

12S4 MCK
ETH1 MII_COL/ETHI_GMII_COL

GTIMAI CH4
GTIMA4 CH4
GTIMB1_CH2
LPTIMS5_OUT

LCD B2

LCD_B5
USART2 RX

ADCI1_INP15
ADC2_INP15

38

26

VSS

w2

39

27

VDD

40

G3

28

PA4

10

TT

SPI1_NSS
SPI3_NSS
SPI4_NSS
12S1_WS
1283 WS
1254 WS

GTIMA4_ETR
DVP1_HSYNC
LCD VSYNC
FEMC_DS/FEMC_DA8
SDRAM D8
USART2_CK
USB2_SOF

ADC1_INP18
ADC2_INP18
DAC1_OUTI

41

H3

29

PAS

10

TT

SPI1_SCK
SPI4_SCK
12S1_CK
1284 CK
ATIM2_CHIN
GTIMAI1 CHI
GTIMAI ETR
LCD R4
FEMC_D9/FEMC_DA9
SDRAM D9

ADC1_INNI8
ADCI1_INP19
ADC2_INNI8
ADC2_INP19
DAC1_OUT2

42

I3

30

PA6

10

TT

SPII_MISO
SPI4 MISO
12S1_SDI
1284 _SDI
xSPI2_103
ATIMI1_BKIN1
ATIM2_BKIN1
ATIM3_CHI
GTIMA2_CHI
DVP1_PIXCLK
LCD G2

ADCI_INP3
ADC2_INP3

43

K3

31

PA7

10

TT

SPI1_MOSI
SPI4 MOSI
12S1_SDO
12S4_SDO
xSPI2_102
ETHI MII_RX DV/ETHI RMII CRS D
V/ETHI GMII RX DV

ADCI1_INN3
ADCI1_INP7
ADC2 INN3
ADC2_INP7
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ATIM1_CHIN
ATIM2_CHIN
ATIM4_CHI
GTIMA2 CH2
LCD_VSYNC
SDRAM NWE

44

G4

32

PC4

10

TT

12S1_MCK
ETH1_MII RXDO/ETHI _RMII_RXDO/ET
H1_GMII_RXDO
LCD R7
SDMMC2_CKIN
FEMC_A22
SDRAM_NCEO
DSMU_CKIN2

ADC1_INP4
ADC2_INP4
COMPI_INM

45

H4

33

PC5

10

TT

ETHI_MII RXDI/ETHI_RMII RXDI/ET
H1_GMII_RXDI
LCD DE
SDMMC2_SEL
SDRAM_CKEO
DSMU_DATIN2

ADC1_INN4
ADC1_INP8
ADC2_INN4
ADC2_INP8

COMPI_OUT

46

J4

34

PBO

10

TT

xSPI2_101
ETH1_MII RXD2/ETHI_GMII_RXD2
ATIM1_CH2N
ATIM2_CH2N
GTIMA2_CH3
LCD Gl
LCD R3
UART9_CTS
DSMU_CKOUT

ADCI_INN5
ADC1_INP9
ADC2_INN5
ADC2_INP9
COMP!_INP

47

K4

35

PB1

10

TT

SPI3_MISO
xSPI2_I00
ETH1_MII RXD3/ETHI_GMII_RXD3
ATIM1_CH3N
ATIM2_CH3N
GTIMA2_CH4
DVP1_MCLK
LCD_GO
LCD R6
DSMU _DATINI

ADCI_INP5
ADC2_INP5
COMP1_INM

48

G5

36

PB2

10

TT

RTC OUT2
SPI3_MOSI
12S3_SDO
xSPI2_CLK/xSPI2_CLKIN
ETHI1 MII_TX_ER/ETHI_GMII_TX_ER
ATIM1_CH4N
ATIM2_CH4N
GTIMAS_ETR
DVP1_HSYNC
DVP2 D12
DSMU_CKINI

COMP1_INP

49

PF11

10

TT

SPI5_MOSI
ETH2 MII_TX_EN/ETH2 RMII_TX_EN
GTIMAG_CHI
DVP1 D12
SDRAM NRAS
12C6 SDA

ADCI1_INP2

50

PF12

TT

xSPI2_DQS
ETH2_MII_TXDO/ETH2_RMII_TXDO
GTIMA6_CH2
DVP2 D6
FEMC_A6
SDRAM A6

ADC1_INN2
ADCI1_INP6
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51

VSS

w2

52

VDD

53

PF13

10

TT

GTIMAG6_CH3
DVP2 D7
FEMC_A7

SDRAM A7
USART7 CK
FDCAN6_RX
12C4 SMBA
12C6_SMBA

ETH2 MII_TXDI/ETH2 RMII_TXDI

DSMU DATIN6

ADC2_INP2
COMP3_OUT

54

PF14

10

TT

GTIMAG6_CH4
DVP2 D8
FEMC_A8

SDRAM A8

USART7 RX

FDCAN3_RX
12C4 SCL

ETH2_MII_TXD2

DSMU_CKIN6

ADC2_INN2
ADC2_INP6
COMP3_INM

55

PF15

10

TT

LPTIM4 ETR
DVP2 D9
FEMC_A9

SDRAM_A9

USART7_TX

FDCAN3_TX
12C4 SDA

ETH2 MII_TXD3

COMP3_INP

56

PGO

10

TT

xSPI2_104
xSPI2_NCS2

LPTIM4_IN1
DVP2 D10
FEMC_A10

SDRAM_A10

UARTI3 RX

ETH2 MII_TX_CLK
ATIM4 BKIN1

57

PG1

10

TT

xSPI2_105
xSPI2_NCS3

GTIMBI1_ETR
LPTIM4_IN2
DVP2 D11
FEMC_All
SDRAM _All
UARTI3 TX

ETH2 MII_TX_ER

58

HS5

37

PE7

10

TT

XSPI2_NCS2
ATIM1_ETR
SDRAM D4

UART11_RX
12C7_SDA

ETH2 PHY_INTN

FEMC D4/FEMC DA4

DSMU_DATIN2

COMP2_INM

59

J5

38

PE8

TT

ATIM1_CHIN

SDRAM D5
UARTII TX

SDMMC1 LEDCTRL
FEMC_DS/FEMC DAS

COMP2_OUT
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60

K5

39

PE9

10

TT

ATIMI_CHI

SDMMC2 LEDCTRL
FEMC_D6/FEMC_DAG6

SDRAM D6

UART11 _DE/UARTI11_RTS

FDCAN5 RX
12C7 SMBA
DSMU CKOUT

COMP2_INP

61

VSS

w2

62

VDD

63

G6

40

PE10

10

TT

ATIM1 CH2N

FEMC_D7/FEMC_DA7

SDRAM_D7
UARTI11_CTS

DSMU_DATIN4

COMP2_INM

64

Hé

41

PE11

10

TT

SPI6_NSS
ATIMI_CH2
LCD G3

FEMC D8/FEMC DAS8

SDRAM D8
DSMU CKIN4

COMP2_INP

65

J6

42

PE12

10

TT

SPI6_SCK

ETH1_GMII_RXD4

ATIM1_CH3N
LCD B4

FEMC DY9/FEMC DAY

SDRAM D9
UART13 RX
DSMU_DATINS

COMP1_OUT

66

K6

43

PE13

10

TT

SPI6_MISO

ETHI1_GMII_RXD5

ATIM1_CH3
LCD DE

FEMC DI10/FEMC DA10

SDRAM D10
UARTI3_TX
FDCAN6_TX

12C6_SDA

DSMU_CKINS

COMP2_OUT

67

G7

44

PE14

10

TT

SPI6_MOSI

ETH1_GMII_RXD6

ATIM1_CH4
LCD CLK

FEMC DI11/FEMC DAI11

SDRAM DI1
USART6_CK
UARTI3_CTS
FDCAN6_RX
12C6_SCL

68

H7

45

PE15

TT

ETH1_GMII RXD7

ATIM1_BKINI
LCD R7

FEMC_DI12/FEMC_DA12

SDRAM D12
USART5_CK

UARTI13 _DE/UARTI13 RTS

[2C6 SMBA

69

J7

46

PB10

10

TT

SPI2_SCK
1282 CK
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ETH1_MII RX_ER/ETHI GMII RX_ER
GTIMAI CH3
LPTIM2_IN1
LCD G4
USART3_TX
12C2 SCL
DSMU_DATIN7

70

K7

47

PB11

10

TT

ETHI_MII_ TX EN/ETHI_RMII_TX_EN/
ETHI_GMII_TX_EN
GTIMAI CH4
LPTIM2_ETR
LCD G5
USART3_RX
12C2 SDA
DSMU_CKIN7

71

F8

48

VCAP

w2

49

VSS

w2

72

50

VDD

73

K8

51

PBI12

10

TT

SPI2_NSS
1252 WS
ETH1_MII TXDO/ETH1_RMII TXDO/ET
H1_GMII_TXDO
ATIM1_BKINI
LPTIM2_IN2
DVP2 D14
USART3_CK
UART10 RX
FDCAN2 RX
USB2_ID
12C2_SMBA
DSMU_DATINI

74

I8

52

PB13

10

TT

SPI2_SCK
12S2_CK
ETH1_MII_TXDI/ETHI_RMII_TXDI/ET
H1_GMII_TXDI
ATIM1_CHIN
LPTIM2_OUT
DVP1 D2
SDMMC1_DO
USART3 CTS/USART3 NSS
UARTI10_TX
FDCAN2_TX
USB2_VBUS
DSMU_CKINI

75

H10

53

PB14

TT

SPI2_ MISO
1252 SDI
ATIMI_CH2N
ATIM2 CH2N
GTIMA7 CHI
LCD_CLK
SDMMC2 DO
FEMC_D10/FEMC_DAI10
SDRAM D10
USARTI TX
USART3 DE/USART3 RTS
UART9 DE/UART9 RTS
USB2 DM
DSMU_DATIN2

76

G10

54

PB15

10

TT

No

RTC_REFIN
SPI2_MOSI
12S2_SDO
ATIM1 CH3N
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ATIM2_CH3N
GTIMA7_CH2
LCD_G7
SDMMC2 DI

FEMC_DI11/FEMC_DAI11

SDRAM D11
USARTI_RX
UART9_CTS

USB2_DP

DSMU_CKIN2

77

K9 55 PD8

10

TT

ATIM3_CH3
DVP2_HSYNC

FEMC_DI13/FEMC_DA13

SDRAM D13
USART3_TX
12C7_SDA
DSMU_CKIN3

78

19 56 PD9

10

TT

ATIM3_CH3N
DVP2_VSYNC

FEMC_DI4/FEMC_DAl4

SDRAM D14
USART3_RX
12C7 SCL
DSMU_DATIN3

79

H9 57 PD10

10

TT

ETHI_CLKI25
ETH2 PPS_OUT
ATIM1_CH4N
LPTIM2_OUT
LCD B3

FEMC DI15/FEMC DA15

SDRAM D15
USART3_CK
12C7 SMBA

DSMU_CKOUT

80

G9 58 PD11

10

TT

GTIMA3_ETR
LPTIM2_IN2
DVP2 DI5

FEMC_A16/FEMC_CLE
USART3_CTS/USART3_NSS

12C4 SMBA

81

K10 | 59 PD12

10

TT

GTIMA3_CHI
LPTIMI_INI
LPTIM2_IN1

DVP1 _DI2

FEMC A17/FEMC_ALE

USART3 DE/USART3
UARTI2 TX
UARTI3_CTS
FDCAN3 RX
12C4 SCL

_RTS

82

J10 60 PDI13

TT

GTIMA3_CH2
LPTIMI_OUT
DVP1 D13
FEMC Al18
UARTI2 RX

UARTI13 _DE/UARTI13 RTS

FDCAN3_TX
12C4 SDA
12C8_SMBA

83

- - VSS

w2

84

VDD
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ETHI_PPS_OUT
ATIM3_CH4
GTIMA3_CH3
SDMMC]_D4
FEMC_DO/FEMC_DAO
SDRAM D0
UARTI12 CTS
UARTI3_RX
12C8_SDA

86

G8

62

PD15 10

TT

ETHI_PHY_INTN
ETH2 PHY INTN
ATIM3_CH4N
GTIMA3_CH4
SDMMCI_D5
FEMC_DI1/FEMC_DAI i
SDRAM DI
UART12_DE/UARTI12_RTS
UARTI3_TX
12C8 SCL

87

PG2 10

TT

ETH2 MII_RXDO/ETH2_RMII_RXDO
ATIM2_BKIN1
GTIMA6_ETR

DVP2 DI2
FEMC_Al12 .
SDRAM _A12
USART7 CTS/USART7 NSS
FDCANS TX

88

PG3

10

FT

ETH2 MII_RXDI1/ETH2 RMII_RXDI
ATIM2_BKIN2
GTIMAS_ETR

DVP2 D13
FEMC_A13
USART7_DE/USART7 RTS
FDCANS RX

89

PG4

10

TT

ETH2 MII_RXD2
ATIMI1_BKIN2
DVP2 D14
SDMMC2_CKIN
SDMMC2_D4
FEMC_Al4 .
SDRAM_BAO
USART6_CTS/USART6_NSS
12C1_SDA
12C8_SDA

90

PG5

TT

ETH2 _MII_RXD3
ATIM1_ETR
DVP2 D15
SDMMC2_CDIR
SDMMC2_D5
FEMC_Al5 i
SDRAM_BAIl
USART6_DE/USART6 RTS
12C1_SCL
12C8 SCL

91

PG6

10

TT

ETH2 MII_RX_ER
GTIMB3_BRK
DVPI D12
LCD R7
FEMC_NE3
12C1_SMBA
12C8 SMBA
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xSPI2_DQS
ETH! PHY INTN
DVP1 D13
Yes LCD CLK
FEMC_INT/FEMC_BUSY
USART4_CK
FDCAN7 TX

93

PG8

10

TT

SPI4 NSS
12S4 WS
ETH1_PPS_OUT
ATIM2_ETR
LCD G7
SDRAM CLK
USART4 DE/USART4 RTS
FDCAN7 RX

94

VSS

95

Fo6

VDD3
3 USB

96

F10

63

PCé6

10

FT

1282 MCK
ATIM2_CHI
GTIMA2_CHI
DVP1 DO
LCD HSYNC
Yes SDMMC!_DODIR
SDMMC1_D6
SDMMC2_D6
FEMC_NWAIT
USART4_TX
DSMU_CKIN3

97

E10

64

PC7

10

FT

TRGIO
12S3_ MCK
ATIM2_CH2
GTIMA2_CH2
DVP1 DI
LCD_G6
SDMMCI1_DI23DIR
SDMMCI1_D7
SDMMC2_D7
FEMC_NEI/FEMC_NCE2
USART4 RX
DSMU_DATIN3

98

F9

65

PC8

10

FT

TRACEDI
ATIM2_CH3
GTIMA2 CH3
DVP1 D2
Yes SDMMC1_DO
FEMC_NCEI/FEMC_NE2
FEMC_INT/FEMC_BUSY
USART4_CK
UART10 DE/UARTI0 RTS

99

E9

66

PC9

TT

MCO2
1281 CKIN
1282 CKIN
1283 CKIN
1284 CKIN
ATIM2 CH4
GTIMA2 CH4
DVP1 D3
LCD B2
LCD_G3
SDMMC1 DI
UARTI10 CTS
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12C3_SDA
12C5_SDA

MCOI
ETH2 MII RX_CLK/ETH2 RMII REF
CLK
ATIMI1_CHI
ATIM2_BKIN2
LCD B3
100 | D9 | 67 | PA8 | 10 FT No LCD R6 -
USARTI_CK
UARTI1_RX
USB1_SOF
12C3 SCL
12C5 SCL

SPI2_SCK
1252 CK
ETH1 MII TX ER/ETHI GMII TX_ER
ATIM1_CH2
DVPI_DO
101 | C9 | 68 | PA9 | 1O TT No LCD RS -
USARTI_TX
LPUARTI_TX
USB1_VBUS
12C3_SMBA
12C5_ SMBA

ATIMI_CH3
DVP1 DI
LCD Bl
102 | D10 | 69 | PA10 | IO TT No LCD B4 -
USARTI_RX
LPUARTI RX
USBI _ID

SPI2_NSS
1252 WS
ATIMI_CH4
LCD R4

SDMMCI1_SEL
103 | c10 | 70 | PAIl | IO FT No USART]_ CTS/USARTL NSS -
UART9 RX
LPUARTI_CTS
FDCANI_RX
USBI DM

SPI2_SCK
122 CK
ATIM1_BKIN2
ATIM1_ETR
LCD RS
104 | B1I0 | 71 | PAI2 | 1O FT No USARTI DE/USARTI RTS -
UART9 TX
LPUART! DE/LPUARTI RTS
FDCANI TX
USB1_DP

105 | A10 | 72 PA13 10 FT Yes JTMS-SWDIO -

106 E7 73 VCAP S - - - -

107 - 74 VSS S - - - -

108 - 75 VDD S - -

109 | A9 76 PA14 10 FT Yes JTCK-SWCLK -

JTDI
SPI1_NSS
110 | A8 | 77 | PAI5 | 10 FT Yes SPI3_NSS -
SPI4 NSS
12S1 WS
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12S3_ WS
12S4 WS
GTIMA1 CHI
GTIMAI1 ETR
LCD B6
LCD R3
UART9 DE/UART9 RTS
UARTI1 TX

SPI3_SCK
12S3_CK
DVPI D8
LCD R2
LCD Bl
111 | B9 | 78 | PCl0 | 1O TT Yes SDMMC1 D2 -
USART3_TX
UART9 TX
12C5_SDA
DSMU_CKIN5

SPI3_MISO
12S3_SDI
DVP1 D4
LCD B4
112 | B8 | 79 | PCll | 10 TT Yes SDMMCI1_D3 -
USART3_RX
UART9 RX
12C5 SCL
DSMU_DATIN5

TRACED3
SPI3_MOSI
SPI4_SCK
1283 SDO
1284 CK
GTIMB1_CHIP
DVP1_D9
113 | c8 | 8 | PC12 | 10 TT Yes LCD RS -
SDMMCI1_CK
FEMC_D6/FEMC_DAG6
SDRAM D6
USART3_CK
UART10_TX
12C5 SMBA

GTIMB2_CHIN
LCD Bl
SDMMC1_WP
FEMC_D2/FEMC_DA2
114 | D8 | 81 | PDO | IO TT Yes SDRAM_ D2 -
UART9 RX
UARTI3_CTS
FDCANI_RX
DSMU_CKIN6

GTIMB2_CHIP
SDMMCI1_CD
FEMC_D3/FEMC_DA3
SDRAM D3
115 | E8 | 8 | PDI | IO TT Yes UARTO TX -
FDCAN1_TX
12C1_SMBA

DSMU_DATIN6

TRACED2
GTIMA2_ETR
116 | B7 | 83 | pD2 | 10 T Yes GTIMBI BRK _

GTIMB2 CH2
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DVP1 D11
LCD B2
LCD _B7
SDMMC1_CMD
FEMC_D7/FEMC_DA7
SDRAM D7
UART10 RX
LPUART2 CTS

117

C7

84

PD3

10

FT

SPI2_SCK
1252 CK
GTIMB2_CH3
DVP1 D5
LCD G7
SDMMC1_RST
FEMC_CLK
USART2_CTS/USART2 NSS
LPUART2_DE/LPUART2_RTS
DSMU_CKOUT

118

D7

85

PD4

10

TT

SPI3_NSS
GTIMB2_CH4
DVP1 D14
SDMMC2_WP
FEMC _NOE
USART2_DE/USART2_RTS
LPUART2_TX
12C1 SCL

119

B6

86

PD5

10

TT

SPI3_MISO
GTIMB2_ETR
DVP1 DI5
SDMMC2_CD
FEMC_NWE
USART2_TX
LPUART2_RX
12C1_SDA

120

VSS

|95}

121

VDD

122

C6

87

PD6

10

TT

SPI3 MOSI
12S3_SDO
DVP1 D10
LCD B2
Yes SDMMC2 CK -
FEMC_NWAIT
USART2_RX
DSMU_CKIN4
DSMU DATINI

123

D6

88

PD7

10

TT

SPI1_MOSI
SPI3_SCK
12S1_SDO

ATIM4_BKIN1

Yes SDMMC2_CMD -

FEMC_NEI/FEMC_NCE2

USART2_CK
DSMU_CKINI
DSMU DATIN4

124

PG9

TT

SPII_MISO
12S1_SDI
ETH2_MII_RXDO/ETH2_RMII_RXDO
DVPI_VSYNC
SDMMC2 D0
FEMC_NCEI/FEMC_NE2
USART4 RX
FDCAN3 TX
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SPI1_NSS
2SI WS
xSPI2_I06
xSPI2_NCS4
ETH2 MII_RXDI1/ETH2 RMII RXD1
125 | - - | PGIO | 1O TT Yes DVP1 D2 -
LCD B2
LCD G3
SDMMC2 D1
FEMC_NE3
FDCAN3 RX

SPI1_SCK

12S1_CK

xSPI2 107

xSPI2_NCSIN
ETH1_MII_ TX _EN/ETH1_RMII_TX_EN/
126 | - - | PGI1 | IO TT Yes ETHI_GMII_TX_EN -
LPTIMI_IN2
DVPI1 D3
LCD B3
SDMMC2_D2
USARTS RX

SPI4_MISO
1284 SDI
xSPI2_NCS1
ETH1_MII TXDI/ETHI_RMII TXDI/ET
H1_GMII_TXDI
GTIMAS_CHI
LPTIMI_IN1
127 | - - | PG12 | 10 TT Yes DVP2 MCLK -
LCD BI
LCD B4
SDMMC2 D3
FEMC_NE4
USART4 DE/USART4 RTS
USART5 TX

TRACEDO
SPI4_SCK
1284 CK
ETH1_MII_ TXDO/ETH1_RMII TXDO/ET
H1_GMII_TXDO
GTIMAS_CH2
128 | - - | PGI3 | 1O TT Yes LPTIMI_OUT -
LCD RO
SDMMC2_DODIR
SDMMC2_D6
FEMC_A24
USART4 CTS/USART4 NSS
USARTS5 CTS/USARTS5 NSS

TRACEDI
SPI4_MOSI
12S4 SDO
ETH1_MII_TXDI/ETHI_RMII_TXDI/ET
HI_GMII_TXDI
GTIMAS5_CH3
129 | - - | PG14 | 10 TT Yes LPTIM1_ETR -
LCD_BO
SDMMC2_D123DIR
SDMMC2 D7
FEMC_A25
USART4 TX
USART5 DE/USART5 RTS
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130 - - VSS

w
]
]

131 - - VDD S - - - -

xSPI2_DQS
ETHI PHY INTN
DVP1 D13
132 | - - | PGI5 | 1O TT Yes SDMMC2_RST -
SDRAM_NCAS
USART4_CTS/USART4 NSS
USARTS CK

TRACESWO
JTDO
SPI1_SCK
SPI3_SCK
SPI4_SCK
12S1_CK
133 | A7 | 89 | PB3 | IO FT Yes 1253 CK -
1284 CK
GTIMA1_CH2
GTIMA6_ETR
SDMMC2 D2
UARTI11 RX

JTRST
SPII_MISO
SPI2_NSS
SPI3_MISO
SPI4 MISO
12S1_SDI
1252 WS
134 | A6 | 90 | PB4 | 10 FT Yes 1253°SDI -
12S4_SDI
ETHI PHY_INTN
GTIMA2_CHI
GTIMB2_BRK
SDMMC2_D3
UARTI1 TX

SPII_MOSI/I2S1_SDO
SPI3_MOSI/I2S3_SDO
SPI4 MOSI/I2S4_SDO
ETHI_PPS_OUT
GTIMA2_ CH2
GTIMB3_BRK
135 | ¢5 | 91 | PB5 | 10 TT Yes DVP1 D10 -
LCD_B5
SDRAM_CKEI
UART10 RX
FDCAN2_RX
12C1_SMBA
12C4 SMBA

GTIMA2 CH3
GTIMA3_CHI
GTIMB2_CHIN
DVP1_D5
SDMMC1_D6
SDRAM NCEI
136 | B5 | 92 | PB6 | 10 TT Yes USARTI TX -
UARTI10 TX
LPUARTI_TX
FDCAN2_TX
12C1 SCL
12C4 SCL
DSMU DATINS

72 /160 NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



NSING nsing.com.sg

ETHI_MII_ TXD2/ETHI_GMII_TXD2
GTIMA2_CH4
GTIMA3_CH2
GTIMB3_CHIN
DVP1_VSYNC
SDMMCI1_D7

137 | A5 | 93 | PB7 | 10 TT Yes FEMC NL/FEMC. NADV -

USARTI_RX

LPUARTI_RX
12C1_SDA
12C4_SDA

DSMU_CKIN5
138 | D5 94 BOOT I BOOT Yes BOOTO -

ETHI_MII_TXD3/ETHI_GMII_TXD3
GTIMA2_ETR
GTIMA3_CH3
GTIMB2_CHIP
DVP1_D6
LCD B6

SDMMC1_CKIN
139 | B4 | 95 | PB8 | IO TT Yes SDMMC1 D4 -
SDMMC2_D4
UART9 RX
FDCANI_RX
12C1_SCL
12C4 SCL
DSMU_CKIN7

SPI2_NSS
1282 WS
GTIMA3_CH4
GTIMB3_CHIP
DVP1_D7
LCD_B7
SDMMCI1_CDIR
140 | A4 | 96 | PB9 | 1O FT Yes SDMMCI_D5 -
SDMMC2_D5
UART9 TX
FDCANI_TX
12C1_SDA
12C4_SDA
12C4 SMBA
DSMU_DATIN7

GTIMA3_ETR
GTIMB1_CH3
LPTIMI_ETR
LPTIM2_ETR
141 | D4 | 97 | PEO | IO TT Yes DVP1_D2 -
LCD RO
FEMC_NBLO
SDRAM_DQMO0
UARTI2 RX

GTIMBI1_CH4
LPTIM1_IN2
DVP1 D3
142 | C4 | 98 | PEI 10 TT Yes LCD R6 -
FEMC_NBLI
SDRAM_DQMI
UARTI2 TX

- 99 VSS S - - - -

143 F7 - NC

wn
1
1

144 - 100 | VDD S - - - -
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C2/
E6/
I/
E4/
E5

VSS

D2/
F5/
K1/
F4

VDD
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Table 3-1 GPIOA Multiplexing Function

Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ETHI_MIL_ ] ] : ] ] ) ) USART2 C
PAO CRS/ETHI_ SDMMC2_ FEMC_A19 SPI4_NSS 12S4 WS ATIM2_ETR GTIMAL_C GTIMALE GTIMA4_C GTIMBI_B TS/USART2 UARTY9_TX - EVENTOUT -
CMD HI TR HI RK
GMII_CRS NSS
ETHI_MIL_
RX_CLK/E
= USART2_ D
THI_RMIL_ GTIMAI C | GTIMA4 C | GTIMBI C | LPTIM3 O =
PAl . . REF CLKJE LCD R2 oA oA e or E/U?{/—\FIS{TL UART9 RX - - - EVENTOUT -
THI_GMIL
RX_CLK
ETHI_MDI . GTIMAI C | GTIMA4 C | GTIMBLC | LPTIM4 O | USART2T
PA2 - 5 LCD_RI1 A A i ot X - - - - - - EVENTOUT -
ETHL_MII_ GTIMAI C | GTIMA4 C | GTIMBILC | LPTIM5S O | USART2 R
PA3 - - COL/ETHI_ | FEMC_Al0 LCD B2 LCD_BS 1254 MCK - £ £ . - - - EVENTOUT -
i CoL H4 H4 H2 UT X
PA4 SDRAM_DS F}f&’lg—gzg LCD—é’ SYN DVP}\IIEHSY SPI1_NSS SPI3 NSS SPI4_NSS 251 WS 1253 WS 1254 WS GT“‘#Q“—E USAiTZ—C USB2_SOF EVENTOUT -
SDRAM D | FEMC DOF ATIM2 CHI | GTIMAI C | GTIMAIL E ] ] ]
PAS5 SDRAM_D9 oMb ENIC DAS LCD R4 SPI1_SCK SPI4_SCK 1251 CK 1254 CK N M iy EVENTOUT
PAG6 - XSPI2_103 LCD_ G2 DVPI‘_{ XC | spri miso | sP4 MISO | 1251 SDI 1254 SDI ATI]\;[\I]fBK' AT%Z{BKI ATIM3_CHI GTM’I\LC - EVENTOUT -
ETHI MIL_
RX_DV/ET
SDRAM N HI RMII C | LCD_VSYN ATIMI_CHI | ATIM2 CHI GTIMA2 C _
PA7 o . xsp102 | O A SPII_MOSI | SPI4 MOSI | 1251 SDO 1254 SDO N N ATIM4_CHI A EVENTOUT
HI_GMII_R
X DV
ETH2_MIL_
PAS RX CLKE LCD B3 LCD R6 . anvi_cup | ATIMEBKE | USARTLC | UARTILR | ysp) soF | 12c3_sCL 12C5_SCL 8 - - EVENTOUT | RCC_MCOI
REF_CLK_
ETHI_MIT_
PA9 TX_ER/ETH LCD RS DVPI_DO SPI2_SCK 1252 CK . ATIMI CH2 | USARTLT | LPUARTI_ | USBLVBU | 1,03 gupa | 12¢5 SMBA - - EVENTOUT -
1_GMILTX X TX S
ER
PA10 LCD BI LCD B4 DVPI DI . ATIM1_CH3 USA‘;(TI—R LP UF?)‘?TI— USBI_ID 8 - 8 - - EVENTOUT -
SDMMCI_S USARTI_C LPUARTI_ | FDCANI R ESC_LINK_
PAI1l e LCD R4 SPI2_NSS 1252 WS - ATIM1_CH4 i UART9 RX Pl X USB1 DM o - - EVENTOUT -
PA12 LCD_RS SPI2_SCK 1252 CK . ATWILI{BK' ATIMI_ETR USA{_*ST LR yarTo TX LPUR’}';TL FDC’;(N‘ T ussi_pp ESC,ISYNC i . EVENTOUT .
PAI3 - - . - . - . - . - . - . . EvenTouT | TTMSSWOI
PAl4 - - . - . - . - : - : - : . Eventour | TERISWC
UART9_DE/
PA15 LCD_B6 LCD_R3 SPII_NSS SPI3_NSS SPI4_NSS 2S1 WS 1253 WS 1254 WS - GTIMAILC | GTIMALE | yarro_gr | UARTHT - EVENTOUT JTDI
s
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Table 3-2 GPIOB Multiplexing Function

NSING Technologies Pte. Ltd.
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Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ETHI_MIL_
RXD2/ETHI y § ATIMI_CH2 | ATIM2_CH2 | GTIMA2_C UART9_CT DSMU_CK
PBO - xSPI2_IO1 “GMILRXD LCD_Gl LCD_R3 N N 0 S OUT - - - EVENTOUT -
2
ETHI_MIL_
RXD3/ETHI DVP1_MCL ATIMI_CH3 | ATIM2_CH3 GTIMA2_C | DSMU_DAT . . )
PB1 - xSPI2_100 “GMILRXD LCD_GO LCD_R6 < SPI3_MISO N N 1A NG EVENTOUT
3
xspi2_cLg/ | ETHLMIL
— TX_ER/ETH DVPI_HSY ATIMI_CH4 | ATIM2 CH4 | GTIMAS_E DSMU_CKI
PB2 = = xSPI2ﬁCLKI 1 GMIL TX NC DVP2_DI2 SPI3_MOSI 1283_SDO N N TR NG - EVENTOUT RTC_OUT2
ER
PB3 SDMMC2_D SPI1_SCK SPI3_SCK SPI4_SCK 1281_CK 1283_CK 1284_CK - GTIMAI_C GTIMAG_E UARTII_R - - - eventout | JTRO/TRAC
2 H2 TR X ESWO
PB4 ET}TTI(TP;W* SDMI\;ICLD SPI1_MISO SPI2_NSS SPI3_MISO SPI4_MISO 12S1_SDI 1282 WS 1283_SDI 1284_SDI GTH‘fI‘?Z—C GTH"sz—B UARTII_TX - EVENTOUT JTRST
SDRAM_CK ETHI_PPS_ SPII_MOSI/ | SPI3_MOSI/ | SPl4_MOSV GTIMA2_C GTIMB3_B UARTI10_R FDCAN2_R
PB5 Bl = 0T LCD_B5 DVP1_DI0 1251 SDO 1253 SDO 1254 SDO o RK X X 12C1_SMBA | 12C4 SMBA | EVENTOUT -
SDRAM_NC SDMMCI_D GTIMA2_C GTIMA3_C GTIMB2_C USARTI_T UARTI10_T LPUARTI_T | FDCAN2_T DSMU_DAT
PB6 El - 6 DVP1_D5 3 H HIN X X X X 12C1_SCL 12C4_SCL ING EVENTOUT -
ETHL_MIL FEMC_NL/F
TXD2/ETHI | SDMMCI_D A DVP1_VSY GTIMA2_C GTIMA3_C GTIMB3_C USARTI_R LPUARTI_ DSMU_CKI
PB7 GMIL TXD 7 EM(,{/NAD NC - Ha o HIN X RX 12C1_SDA 12C4_SDA NS EVENTOUT -
2
ETHI_MIl_ | SDMMCI_C | SDMMCI_D | SDMMC2 D GTIMA2_E GTIMA3_C GTIMB2_C FDCANI_R DSMU_CKI
PBS8 TXD3 KIN I 4 LCD_B6 DVP1_D6 TR 0 HIP UART9_RX < 12C1_SCL 12C4_SCL N7 EVENTOUT -
SDMMCI_C | SDMMCI_D | SDMMC2_D SPI2_NSS/I2 | GTIMA3_C GTIMB3_C FDCANI_T , DSMU_DAT -
PB9 DIR 5 5 LCD_B7 DVP1_D7 S2. WS H4 HIP UART9_TX X 12C1_SDA 12C4_SDA 12C4_SMBA N7 EVENTOUT -
fﬂﬁ?ﬂa FEMC_D13/ GTIMAIC | LPTIM2IN | USART3.T DSMU_DAT
PB10 - = FEMC_DAI LCD_G4 SPI2_SCK 1282_CK - - — - 12C2_SCL = - EVENTOUT -
1_GMII_RX 3 H3 1 X IN7
ER
ETHI_MII_
TXEEAT(E:Q FEMC_DI15/ GTIMAI_C LPTIM2_ET USART3_R DSMU_CKI
PBI11 ENETHI rhMC{DAl LCD_G5 - Ha - R X - 12C2_SDA NT - - - - EVENTOUT -
GMII_TX_E
N
ETHI_MII_
TXDO/ETH! SPI2_NSS/I2 | ATIMI_BKI LPTIM2_IN USART3_C UARTI10_R FDCAN2_R DSMU_DAT
PB12 - - _RMIL_TXD DVP2_D14 - = — - - - USB2_ID 12C2_SMBA = EVENTOUT -
S2_WS NI 2 K X X IN1
0/ETHI_GM -
1I_TXDO
ETHI_MII_
TXDI/ETHI USART3_C
PBI3 . RMILTXD snmr\gckn DVPI_ D2 SPI2_SCK 1282 CK ATIM Ime LPTII\_/II_270U TS/USARTS UAR;[‘(I 0T FDC/)\(NZJ USB2§VBU DSMI\LIJfCKI EVENTOUT _
1/ETHI_GM _NSS
II_TXDI
. FEMC_D10/ . USART3_D
PBl4 SDRAM_DI1 | SDMMC2_D FEMC DAI LCD. CLK SPI2_MISO 1252 SDI ATIMI_CH2 | ATIM2_CH2 | GTIMA7_C USARTI_T E/USART3 UART9_DE/ USB2 DM DSMU_DAT | ponnnour )
0 0 o N N HI X RTS UART9_RTS IN2
SDRAM DI | spmmcz p | EEMCDIV ATIMI_CH3 | ATIM2_CH3 GTIMA7_C USARTI_R UART9_CT DSMU_CKI
PBI15 L - FEMC_DAI LCD_G7 SPI2_MOSI 1282_SDO N N o~ X s USB2_DP NI - EVENTOUT | RTC_REFIN
1
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Table 3-3 GPIOC Multiplexing Function

NSING Technologies Pte. Ltd.
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Port AF0 AF1 AF2 AF3 AF4 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ETH2_MIL FEMC_D12/
SDRAM_N | SDRAM DI | RX_DV/ET . - . . DSMU_CKI | DSMU_DA EVENTOU
PCO WE B Ho Rmi ¢ | FEMC_A2S FEM(;DAI LCD_G2 LCD_R5 NO TING - - - T -
RS DV
SDMMC2_ DSMU_CKI | DSMU DA | FEMC_DOF ) ) ) ) EVENTOU
PC1 - ETH1_MDC K LCD_G5 SPI2_MOSI 1282_SDO Nd TING EMC DAO T TRACEDO
ETHI_MIL_
SDRAM_N TXD2/ETHI . DSMU_CKI | DSMU_CK EVENTOU
PC2 CEO - - - CGMIL TX DVP2_D6 SPI2_MISO 1282 SDI OUT o s - T -
D2
ETHI_MIT_
SDRAM_C TX_CLK/E DSMU_DA EVENTOU
PC3 KEO - - - THI GMIL DVP2_D7 SPI2_MOSI 1252_SDO TIND - - - - T -
TX_CLK
ETHI_MII_
RXDO/ETH
PC4 SD‘:‘:/EB’[—N 1_RMIL_RX sng[gﬁzf FEMC_A22 LCD_R7 12S1_MCK DSMIEJZ—CK' - - - - s . EVET;TOU s
DO/ETHI_G
MII_RXDO
ETHI_MIL_
RXDI/ETH ,
PC5 SDI]{(%I(\]/LC . | RMIT RX FEMC_ Al LCD DE DS{\F/III;IEDA COM}; 10U SD%:I\S/LN SDMé/iCZis ) ) ) ) EVEI_\II_TOU )
DI/ETHI_G
MIL RXD1
SDMMCI_ SDMMCI_ SDMMC2_ | FEMC NW | LCD_HSYN ATIM2 CH | GTIMA2_ C | USART4.T | DSMU_CKI EVENTOU
PC6 DODIR D6 D6 AIT C DVP1_DO 1282 MCK : 1 HI X N3 T :
SDMMCI SDMMCI SDMMC2 FEMC_NEI ATIM2_CH | GTIMA2_C | USART4 R | DSMU_DA EVENTOU
PC7 DI23DIR D7 " b7 /mvéngc LCD_G6 DVPI_DI 1283_MCK - . Hy ~ X - TING - T TRGIO
FEMC_NCE | FEMC_INT/ . . . | UARTI0_D -
PC8 SDMMC1_ 1/FEMC_N FEMC_BUS DVPI_D2 - ATIM2_CH GTIMA2_C USART4_C E/UART10_ - - = = EVENTOU TRACEDI
DO 3 H3 K T
E2 Y RTS
PC9 - SDMD“fC]— LCD_B2 LCD_G3 DVPI_D3 12S1_CKIN 1252_CKIN 12S3_CKIN 12S4_CKIN AT'Mf—CH GTIgAAZ—C UARTTS]O—C 12C3_SDA 12C5_SDA EVETOU RCC—ZMCO
PC10 - SDMD“QC]— LCD_R2 LCD_BI DVPI_D8 SPI3_SCK 1283_CK USM;(T}—T UART9_TX 12C5_SDA DSMI\LIJS—CK' - - EVE’;TOU -
PCI1 . SDMMC1_ LCD B4 DVPI D4 | SPI3 MISO | 1253 SDI . USART3 R | yaArmo RX | 1205 scL | PSMU.DA - - EVENTOU -
D3 X TINS T
SDMMCI_ | FEMC_D6/F . GTIMBI_C | USART3_C UART10_T 12C5_SMB EVENTOU .
PC12 SDRAM_D6 CK FMC DAG LCD_R6 DVP1_D9 SPI3_MOSI SPI4_SCK 1283_SDO 1284_CK HIP K X e T TRACED3
RTC_TAMP EVENTOU
PC13 . . - . . . . . . 1/RTC_TS . . - - T RTC_OUTI
TIMESTAM EVENT(
PCl4 - - - - - - - - - N - - - - NTou -
TIMESTAM EVENTOU
PC15 - - - - - - - - - P - - - - T -
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Table 3-4 GPIOD Multiplexing Function

NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
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Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SDRAM_D1 SDMMCI_ | FEMC_D2/F GTIMB2_C UARTI13_C FDCANI_R | DSMU_CKI ~ . ) EVENTOU )
PDO SDRAM_D2 i wp EMC DA2 LCD_Bl HIN UARTS_RX TS X N6 T
SDRAM_D1 SDMMCI_ | FEMC D3/F | GTIMB2_C FDCANI_T 12C1_SMB DSMU_DA ) ~ . . EVENTOU .
PDI SDRAM_D3 2 CcD EMC_DA3 HIP UARTO_TX X A TING T
SDRAM_DI SDMMCI_ | FEMC_D7/F . y GTIMA2_E GTIMBI_B GTIMB2_C UARTI10_R LPUART2_ EVENTOU .
PD2 SDRAM_D7 3 MD EMC DA LCD_B2 LCD_B7 DVPI_Dl1 TR RK P X TS - - T TRACED2
. . . USART2_C LPUART2_ .
PD3 SDMMCIL_ | gppe crk LCD_G7 DVPI_D5 SPI2_SCK 1282_CK GTIMB2_ C | 1g/USART2 | DE/LPUAR DSMU_CK - - - EVENTOU -
RST - - = = ~ H3 OUT T
NSS T2 RTS
USART2_D
PD4 - SDMMC2_ | FEMC NOE | DVPI D14 SPI3_NSS - GTIMB2_C E/USART2 LPUART2 12C1_SCL - - - - EVENTOU -
WP ~ - — H4 RIS~ TX = T
SDMMC2_ FEMC_NW GTIMB2_E USART2_T LPUART2_ EVENTOU
PD5 - b E DVPI_DI5 SPI3_MISO TR X RX 12C1_SDA - - - - T -
SDMMC2_ FEMC_NW USART2_ R | DSMU_CKI | DSMU_DA EVENTOU
PD6 - CK AT LCD_B2 DVP1_DI0 SPI3_MOSI 1283_SDO X Ni TINT - - - T -
SDMMC2 FEMC_NEI ATIM4_BKI | USART2_C DSMU_CKI DSMU_DA EVENTOU
PD7 - CMD " /FENé%Nc SPI1_MOSI SPI3_SCK 1281_SDO NI P ND TING - - - T -
FEMC_D13/
PDS SDRAM_DI . FEMC DAL DVP2_HSY . ATIM3_CH USART3_T 12C7 SDA DSMU_CKI ) ) ) ) EVENTOU )
3 T NC 3 X - N3 T
FEMC_D14/
SDRAM_DI = DVP2_VSY ATIM3_CH USART3_R DSMU_DA EVENTOU
PD9 4 FEM(A:(DAI NC = N X 12C7_SCL TING - - - - - T -
FEMC_DI15/
PDIO SDRAM_DI ETHI_CLK | ETH2 PPS_ | o =P LCD B3 ATIMI_CH LPTIM2_O USART3_C 12C7_SMB DSMU_CK EVENTOU
5 125 ouT $ - 4N uT K A ouT . - . . T .
. USART3_C .
FEMC_A16/ GTIMA3_E | LPTIM2_IN = 12C4_SMB EVENTOU
PDI11 - FEMC CLE DVP2_DI5 TR ) TS/UT\%\SRTS A - - - - - - T -
FEMC_A17/ GTIMA3 C | LPTIMIIN | LpTiM2 N | USARTSD | yaprin 1 | UARTI3.C | FDCAN3 R EVENTOU
PDI2 - FEMC_ALE DVPI1_DI2 "l 1 1 b/Ui/;ng x - TS x 12C4_SCL - - T -
GTIMA3 C | LPTIMIO | UARTIZR | UARTBD | ppeans 1 12C8_SMB EVENTOU
PDI13 - FEMC_A18 DVPI_DI3 - - - E/UART13 - 12C4_SDA N - - - -
& = H2 uT X RTS ~ X = A T
SDRAM_C ETHI_PPS_ | SDMMCI_ | FEMC_DO/F | ATIM3_CH GTIMA3_C UARTI2_C UARTI13_R EVENTOU
PDI14 SDRAM_DO KEO OouUT D4 EMC_DAO 4 H3 TS X 12C8_SDA i - 3 i T i
UARTI2_D
ETHI_PHY ETH2_PHY SDMMCI_ | FEMC_DI/F | ATIM3_CH GTIMA3_C e UART13_T EVENTOU
PDI5 SDRAM_DI _INTN _INTN D5 EMC_DALI 4N H4 E/Uﬁgl 2 X 12C8_SCL - - . - T -
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Table 3-5 GPIOE Multiplexing Function

NSING Technologies Pte. Ltd.
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Port AF0 AF1 AF2 AF3 AF4 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SDRAM_D FEMC_NBL . GTIMA3_E GTIMBI_C | LPTIMI_ET | LPTIM2_ET | UARTI2 R EVENTOU
PEO QMo - LCD_RO DVP1_D2 - TR 3 R R X - - T -
SDRAM_D FEMC_NBL GTIMBI_C | LPTIMI_IN UARTI2_T | SDRAM_DI ) ) ) EVENTOU )
PE1 oMl - | LCD_R6 DVPI_D3 - Ha 2 X 5 T
ETHI_MIIL_
TXD3/ETH1 GTIMBI_E USART5_R | FDCAN4_T ~ ) ) . . EVENTOU TRACECL
PE2 - GMILTX FEMC_A23 DVP2_D0 SPI6_SCK TR X X T K
D3
ETHI_MIL_
TXD2/ETHI GTIMBI_B USART5_T | FDCAN4 R EVENTOU
PE3 CGMILTX FEMC_A19 DVP2_DI RK X M - - - - - - - T TRACEDO
D2
ETH2_PHY . GTIMBI_C USART6_R DSMU_DA EVENTOU
PE4 INTN FEMC_A20 LCD_BO DVP1_D4 SPI6_NSS HIN X TING - - - - - T TRACED1
PES XSPI2_NCS FEMC_A21 LCD_GO DVP1_D6 SPI6_MISO GT%?,I—C USA*;(Tﬁ—T D SMT%CKI - - - - - EVEI}]TOU TRACED2
PE6 FEMC_A22 LCD_GI DVP1_D7 SPI6_MOSI ATI“4N12—BKI GT'%B‘—C - - - - - - - EVET}]TOU TRACED3
XSPI2_NCS ETH2_PHY | FEMC_D4/F | ATIMI_ET UARTI1I_R DSMU_DA EVENTOU
PE7 SDRAM_D4 ) i 2 _INTN EMC_DA4 R X 12€7_SDA TIN2 ) ) ) ) T )
SDMMCI_ | FEMC_DS/F | ATIMI_CH UARTII_T FDCAN5_T DSMU_CKI | COMP2_OU EVENTOU
PES SDRAM_D5 | SDRAM_AO i ) LEDCTRL EMC_DA5 IN X X 12€7_SCL N2 T ) T )
UART1I_D
SDMMC2_ | FEMC_D6/F | ATIMI_CH = FDCAN5_R 12C7_SMB DSMU_CK EVENTOU
PE9 SDRAM_D6 | SDRAM_Al . . LEDCTRL EMC_DA6 1 £/ U‘S;{ST 1 X A ouT . . T .
FEMC_D7/F | ATIMI_CH UARTI1I_C DSMU_DA EVENTOU
PE10 SDRAM_D7 | SDRAM_A2 - 3 EMC_DA7 2N TS TIN4 - i i 3 - T -
FEMC_D8/F ATIM1_CH DSMU_CKI EVENTOU
PEI11 SDRAM_D8 = EMC DAS LCD_G3 SPI6_NSS By Nd SDRAM_A3 - = = - - T =
ETHI_GMII | FEMC_DY/F ATIM1_CH UARTI3_R DSMU_DA | COMPI_OU EVENTOU
PE12 SDRAM_D9 - _RXD4 EMC_DA9 LCD_B4 SPI6_SCK N X TING T o o - T -
SDRAM DI | ETHI Gmn | FEMCDIV/ ATIMI CH | UARTI3.T | EDCANG6T DSMU_CKI | COMP2_OU EVENTOU
PEI3 = = FEMC_DAI LCD_DE SPI6_MISO - - - 12C6_SDA - — - - -
0 _RXD5 ry = - 3 X X — N5 T T
SDRAM_D1 ETH1_GMII ATIM1_CH USART6_C UART13_C FDCAN6_R EVENTOU
PE14 \ - RXDS FEMC_D11 LCD_CLK SPI6_MOSI 4 K TS X 12C6_SCL - - - T -
FEMC_DI12/ UARTI13_D
PEI5 SDRAM_D1 | ETHI_GMII | Lo 05 LCD R7 ATIMI_BKI | USART5_C F/UARTTS 12C6_SMB . ) ) ) ) EVENTOU )
2 _RXD7 > = NI K RIS A T
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Table 3-6 GPIOF Multiplexing Function

NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674

Email: sales@nsing com sg

Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PFO SDRAM_A0 ASPI2_100 ETHI1_GMII FEMC_AO DVP2_DO ) GTIMAI_C GTIMAS_C USARTI_T FDCAN4_T 12C2_SDA 12C5_SDA COMP3_OU ) EVENTOU )
_TXD4 HI HI X X T T
PF1 SDRAM_Al | SDRAM_D5 xSPI2_I01 ETHI_GMII FEMC_Al DVP2_DI - GTIMAL C GTIMAS_C USARTI_R FDCANA R 12C2_SCL 12C5_SCL - EVENTOU -
_TXD5 H2 H2 X X T
ETHI_GMII GTIMAI_C GTIMAS_C GTIMB2_E USARTI_C 12C2_SMB 12C5_SMB . EVENTOU )
PF2 SDRAM_A2 xSPI2_102 TXD6 FEMC_A2 DVP2_D2 SPI6_NSS - 3 A TR K A A T
ETHI_GMII GTIMAI_C GTIMAS_C GTIMB2_C USARTI_C EVENTOU
PF3 SDRAM_A3 xSPI2_103 - FEMC_A3 DVP2_D3 SPI6_SCK - - - ~ TS/USARTI 12C6_SDA - - -
_TXD7 H4 H4 H4 NSS T
ETH2_MII
XSPI2_CLK/ e USARTI_D
PF4 SDRAM_A4 | SDRAM_D4 | xSPI2_CLKI RX_CLK/E FEMC_A4 DVP2_D4 SPI6_MISO - GTIMALE GTIMB2_C E/USARTI | FPCANST 12C6_SCL EVENTOU -
N TH2_RMII_ TR H3 RTS X T
REF_CLK
xSPI2_ NCL | ETHI_GMII . ATIM3_BKI | GTIMB2_C FDCANS5_R 12C6_SMB EVENTOU
PF5 SDRAM_AS e “GTX CLK FEMC_A5 DVP2_D5 SPI6_MOSI - Ni s X A - - T -
ETH2_ MDI | DVPI_PIXC ATIM3_ET ATIM4_ET GTIMAS_C GTIMB2_C UART1I_R FDCAN3_R EVENTOU
PF6 - xSPI2_103 S K DVP2_D5 SPI5_NSS R R Hi HIP X X - T -
DVP2_PIXC ATIM3_CH ATIM4_CH GTIMAS_C GTIMB3_C UARTII_T FDCAN3_T EVENTOU
PF7 - xSPI2_102 ETH2_MDC K SPI5_SCK 4 3 ol HIP X X - - T -
ETH2_MII SDMMC2 DVP2_HSY ATIM3_CH ATIM4_CH GTIMA5_C GTIMB2_C UARTII_D EVENTOU
PF8 - xSPI2_IO0 oL LEDCTRL NC SPI5_MISO 1 4 e HIN E/UQ]F”SFIL - - T =
ETH2_MII_ SDMMCI_ DVP2_VSY ATIM3_CH ATIM4_CH GTIMA5_C GTIMB3_C UARTI11_C EVENTOU
PF9 ) XSPI2_101 CRS LEDCTRL NC SPIS_MOSI i 2 1 H4 HIN TS ) T )
xSPI2_CLK/ ]
PF10 _ ASPI2_CLKI ETH2_PPS_ LCD_DE DVPI DI ATIM3_CH ATIM4_CH GTIMB2_B FEMC_A3 _ _ _ _ EVENTOU _
N OouUT 3 2 RK T
ETH2_MII_
SDRAM_N GTIMA6_C TX_EN/ET EVENTOU
PF11 RAS - DVPI_DI2 SPI5_MOSI Hi 12C6_SDA H2 RMIL T = - - - - - T -
X_EN
ETH2_MII_
TXDO/ETH2 . GTIMAG6_C FDCANG6_T . EVENTOU
PFI12 SDRAM_A6 | xSPI2_DQS RMILTXD FEMC_A6 DVP2_D6 I X 12C6_SCL = - - = - T =
0
ETH2_MII_
SDRAM_N | TXDI/ETH2 GTIMAG6_C USART7_C FDCANG6_R 12C4_SMB 12C6_SMB DSMU_DA | COMP3_OU EVENTOU
PF13 SDRAM_A7 CEO _RMII_TXD FEMC_A7 DvP2_b7 - H3 K X A A TING T T -
1
PFl4 SDRAM_AS ET;I)z(bI\;uL FEMC_AS DVP2 DS . GTI];/I_I?(LC USAl)a(TLR FDC/;(NLR 1204_SCL DSMI:JgCKI _ . _ EVE};TOU .
PFI5 SDRAM_A9 SDR:OMﬁ ET%z(bhguL FEMC_A9 DVP2_D9 _ LPTlI\éMJ:’T USAiT'LT FDC/;MJ 12¢4_SDA _ _ _ EVEI;TOU _
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Table 3-7 GPIOG Multiplexing Function

NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674

Email: sales@nsing com sg

Port AF0 AF1 A AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SDRAM_Al SDRAM_ xSPI2_NCS | ETH2 MII . ATIM4_BKI | LPTIM4_IN UARTI13_R EVENTOU
PGO BAL XSPI2_I04 5 IX CLK FEMC_A10 DVP2_D10 X X - - - T -
SDRAM_Al SDRAM_ xSPI2_NCS | ETH2_MII GTIMBI_E | LPTIM4_IN UARTI3_T EVENTOU
PG1 1 AlO xSPI2_I0S 3 IX ER FEMC_All DVP2 DIl - TR 2 % - - - T -
ETH2_MII_RX USART7_C
PG2 SDRA2M7A1 Sg}éﬁhf’ DO/ETH2 RMI | FEMC A12 DVP227D1 ) ATIMZ{BKI GTH\TA}?@E TS/USARTY FDC/?(NELT . ) ) EVEI}JTOU )
RXDO NSS
g(HDZf/IEATHH FEMC_Al ATIM2_B GTIMAS E | USARTZD | ppeang R EVENTOU
PG3 2_RMII_RX 3 DVP2_ D13 . KIN2' TR E/USART?_ X : : : : . T :
_RMIL | RTS
DI
SDRAM B | ETH2 MIl | SDMMC2 CKI | SDMMC2 FEMC_Al ATIMI BKI | USART6.C EVENTOU
PG4 = = = — = DVP2_Dl4 - = TS/USART6 12C1_SDA 12C8_SDA - - -
A0 _RXD2 N D4 4 - N2 NSS - . T
SDRAM_B ETH2_MILRX | SDMMC2 SDMMC2 ATIMI_ET USART6_D EVENTOU
PG5 - - - . - FEMC_A15 DVP2_D15 - - E/USART6 12C1_SCL 12C8_SCL - -
Al CDIR D5 - - R RIS - - T
ETH2_MII . DVPI1_DI GTIMB3_B 12C1_SMB 12C8_SMB EVENTOU
PG6 - “RX ER FEMC_NE3 LCD_R7 ) - RK A A - - - - T -
ETHI_PH FEMC_INT/FE . DVPI1_DI USART4_C | FDCAN7_T EVENTOU
PG7 XSPI2_DQS Y_INTN MC_BUSY LCD_CLK 3 3 K X - i i 3 3 3 T .
USART4_D
PGS SDRAM_C ) ETHI_PPS_OU LD G7 SPI4 NSS 1254 WS ATIM2_ET E/USARTA FDCAN7_R ) ) ) ) EVENTOU )
LK T - — - R - X T
RTS
E&%ﬁ%ﬁ FEMC _NC DVP1_VS USART4 R | FDCAN3_T EVENTOU
PG9 = = SDMMC2_D0 E1/FEMC = SPI1_MISO 1281_SDI - - - - - - -
H2_RMII_ - NEY YNC - - X X T
RXDO
ETH2_MII_RX - ] S -
PG10 xspiz 106 | XSP2NC | pypri gmp | SPMMC2. | FEMC NE LCD B2 LCD G3 DVPI D2 SPII_NSS 2SI WS - FDCAN3_R - EVENTOU -
S4 RXDI DI 3 X T
ETHI_MIL_TX
_EN/ETHI_RM
PGl11 xSPI2_107 XSPZNC | 1y rx njETH | SPMMCZ LCD_B3 DVPI_D3 SPI1_SCK 1281_CK LPTIMIIN | - USARTS R - - - EVENTOU -
— SIN - D2 - - - - 2 X T
I_GMIL_TX_E
N
ETHI_MII
_TXDUET USART4 D
PGI2 XSPI2_NCS | HI_RMII_ SDMMC2 D3 FEMC_NE LCD Bl LCD B4 DVP2MCL | ¢pit viso 1284 SDI GTIMAS C | LPTIMIIN | pleie USART5_T EVENTOU )
1 TXDI/ET — 4 — - K - - HI 1 i X T
HI_GMIIL_
TXDI
ETHI_MII_
TXDO/ETHI USART4_C USART5_C
PG13 “RMILTXD | SDMMC2 SDMMC2_D6 FEMC_A24 LCD_RO SPI4_SCK 1284_CK GTIMAS_C LPTIMLO 1 1g/UsART4 | TS/USARTS - - EVENTOU TRACEDO
DODIR H2 UT T
0/ETHI_G - _NSS _NSS
MII_TXDO
ETHI_MII
_TXDI/ET USART5_D
HI_RMII_ [ SDMMC2 DI2 | SDMMC2_ | FEMC_A2 GTIMAS_C | LPTIMI_ET | USART4_T . EVENTOU
PG14 - TXDI/ET DI D7 5 LCD_B0O SPI4_MOSI 12S4_SDO 0 R X E/Ui?l;TSi - T TRACEDI
HI_GMIIL_
TXDI
USART4_C
PGIS SDRAM_N xSPI2_DQ | ETHI_PHY_IN | SDMMC2_ | DVPI_DI TS/USARTA | USARTS.C | SDRAM DI EVENTOU
CAS S TN RST 3 NSS K 4 . . - © T .
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Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
EVENTOU
PHO - - - - - - - - - - - - - - T -
EVENTOU
PHI1 - - - - - - - - - - - - - - T -
SDRAM_C ETHL MIL_ GTIMB3_C | LPTIMI_IN UARTI5_R EVENTOU
PH2 - - - XSPI2_104 CRS/ETHI_ LCD_RO - - = - - - -
KEO . y H2 2 X T
GMII_CRS
SDRAM_N ETHL_MIL GTIMB3_C USART7_C UARTIS_T EVENTOU
PH3 CEO - - xSPI2_105 COL/ETHI_ LCD_RI1 - 0B P X - - - - T -
GMII_COL
ETH2_MIL_ UARTI5 D
TXDO/ETH2 . DVP2_HSY GTIMB3_C USART7_R - FDCAN5_T EVENTOU
PH4 RMII TXD LCD_G4 LCD_G5 NC - Ha X E/UARTIS_ < 12C2_SCL - - - T -
e RTS
ETH2_MIIL_
SDRAM N | TXDI/ETH2 | DVP2_PIXC GTIMB3_E USART7_T UARTI5_C | FDCAN5_R EVENTOU
PHS5 WE _RMILTXD LK SPIS_NSS - TR X TS X 12€2_SDA - = - N :
1
ETHI_MIL_
SDRAM_N RXD2/ETH FEMC_BA ATIM1_CH GTIMA7_C | LPTIM5_IN UARTI14_R FDCAN7_T 12C2_SMB EVENTOU
PH6 CEI SDRAM_A4 |_GMII_RX A DVP1_D8 SPI5_SCK uN Hi 1 X X 5 = T =
D2
ETHI_MIIL_
SDRAM_C RXD3/ETH . ATIM3_BKI | LPTIMS5_IN UART14_T FDCAN7_R EVENTOU
PH7 KB | GMII RX FEMC_CRE DVP1_D9 SPI5_MISO ) % X 12C3_SCL SDRAM_AS - - T -
D3
] ) UART10_D UART14_D e .
PHS SDRAM DI | (oo AM_AG ETH1_GMII FEMC_DI6 LCD_R2 DVPI_HSY ATIM3_CH GTIMA4 E | b et o | BUARTI4 FDCAN2_R 12C3_SDA COMP4_OU _ EVENTOU _
6 RXD4 NC 1 TR X T T
_ RTS RTS
SDRAM_DI | ETHI_GMII ATIM3_CH GTIMA7_C UART10_C UART14_C FDCAN2_T 12C3_SMB EVENTOU
PH9 7 _RXDS FEMC_D17 LCD_R3 DVP1_DO IN 0 TS TS X A SDRAM_A7 - - T -
SDRAM_D1 ETHI_GMII ATIM3_CH GTIMA4_C 12C4_SMB EVENTOU
PHI10 s SDRAM_AS8 RXDS FEMC_D18 LCD_R4 DVPI_DI B 1 A - - - - T -
SDRAM_D1 | ETHI_GMII . ATIM3_CH GTIMA4_C UART10_R , EVENTOU
PHI11 9 RXD7 FEMC_D19 LCD_RS DVP1_D2 2N 2 X 12C4_SCL SDRAM_A9 = = - T =
ETH2_MII_
SDRAM_D2 | SDRAM_Al RX_DV/ET ATIM3_ET GTIMA4_C UART10_T COMP4_OU EVENTOU
PH12 0 ] H2 RMILC FEMC_D20 LCD_R6 DVP1_D3 SPI7_NSS R o, X 12C4_SDA T - T -
RS_DV
ETH2_MII_
SDRAM_D2 | TX_EN/ET . ATIM2_CH FDCANI_T 12C9_SMB EVENTOU
PHI13 1 H2 RMIL T FEMC_D21 LCD_G2 SPI7_NSS IN UART9_TX X I - - - - T -
X_EN
ETH2_MII_
SDRAM_D2 | TXDO/ETH2 ATIM2_CH USART6_R FDCANI_R EVENTOU
PH14 5 “RuiTxp | FEMC_D22 LCD_G3 DVPI_D4 SPI7_MISO N X UART9_RX X 12C9_SDA - - T -
0
ETH2_MII_
SDRAM_D2 TXDI/ETH2 . N ATIM2_CH USART6_T ) EVENTOU
PHI15 3 - RMIL TXD FEMC_D23 LCD_G4 DVPI_DI1 SPI7_MOSI N X 12C9_SCL - - - T -
1
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Table 3-9 GPIOI Multiplexing Function

NSING Technologies Pte. Ltd.
Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674

Email: sales@nsing com sg

Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PIO SDRA4M—D2 FEMC_D24 LCD Gs DVPI_DI3 SPI2_NSS 1282 WS ATI%—C“ GT%‘A“—C 12C10_SDA - - - . EVET;TOU .
PI1 SDRAM D2 | gppam pg | FTHZMIL | ppyvic pos LCD_G6 DVP1_DS8 SPI2_SCK 1282_CK ATIM2_BKI USARTS_C 12C8_SMB 12C10_SCL - EVENTOU -
5 - RXDO — - - ~ - N2 K A — T
P12 SDRAM D2 | ETH2 MIL | gpyvic pog LCD_G7 DVP1_D9 SPI2_MISO 1282_SDI ATIM2_CH USARTS R LPUART2_ 12C8_SDA SDRAM_D9 - EVENTOU -
6 RXD1 - - ~ — - 4 X TX — — T
SDRAM_D2 | SDRAM DI | ETH2 MII_ ATIM2_ET USARTS_T LPUART2_ @ 12C10_SMB EVENTOU
PI3 bt 0 RX_ER FEMC_D27 DVPI_DI10 SPI2_MOSI 1282_SDO R X RX 12C8_SCL A - T -
SDRAM_D xSPI2_NCS | ETHI_GMII | FEMC_NBL ATIM2_BKI | USART8 R 12C10_SMB EVENTOU
P14 oM2 5 TXD4 5 LCD_B4 DVP1_D5 DVP2_D8 Ni X A SDRAM_D0 - - T -
SDRAM_D xSPI2_NCS | ETHI_GMII | FEMC_NBL DVPI_VSY ATIM2_CH USARTS_T EVENTOU
P15 M3 SDRAM_D1 3 TXDS 3 LCD_BS NC DVP2_D9 . X 12C10_SDA - - T -
PI6 SDRAM D2 | xSPI2NCS | ETHI GMIl | Lo oo LCD B6 DVPL D6 DVP2 DI0 ATIM2_CH USARTS_C 2C10 SCL | SDRAM D2 _ _ EVENTOU _
8 4 _TXD6 — — - — 2 K — — T
PI7 SDRAM D2 | orp i e | XSPI2NCSL | ETHI GMIL | oy g LCD B7 DVPL D7 DVP2 DII ATIM2_CH ) ) ) ) EVENTOU )
9 = N _TXD7 = - - = 3 T
ETH2 MIl_ | SDMMCI_S | SDMMC2_S LPTIM3_IN FDCANI_T EVENTOU RTC_OUT
PI8 TX_CLK EL EL SPI7_SCK 1 X - 3 3 3 - - : T 2
PIO SDRAM_D3 <SPI2 100 FEMC D30 | LCD_VSYN _ GTIMA7_C LPTIM3 IN | ) e oy | FDCANLR 12C9_SMB SDRAM D6 ) _ EVENTOU _
0 — - C H3 2 — X A — T
SDRAM_D3 ETHI_MIL_ LCD_HSYN | GTIMA7 C | LPTIM3_ET | FDCAN4_T EVENTOU
PI110 \ SDRAM_D7 xSPI2_IO1 RX ER FEMC_D31 e 4 R X 12C9_SDA - - - T -
SDMMCI_ SDMMC2_ GTIMA7_E | FDCAN4_R EVENTOU
PI11 xSPI2_102 LEDCTRL LEDCTRL FEMC_DO LCD_G6 TR X 12C9_SCL - - - - - T -
PI12 xSPI2_103 FEMC_A4 LCD—CHSYN DVP2_D2 SPI7_NSS GT”PAUM—C FDC’;Nﬁ—T 12C7_SDA - - - - - - EVET}]TOU -
PI13 xSPI2_CLK FEMC_A7 LCDfCV SYN DVP2_D3 SPI7_MISO GT”;AMALC FDC/;N@R 12C7_SCL - - - - - - EVET}]TOU -
Pl14 XSPI2_NCL FEMC A9 LCD CLK DVP2 D4 sp17 Mosi | ATIM3_BKI | GTIMA7_E 12C7_SMB _ _ _ _ _ _ EVENTOU _
K — - — - N2 TR A T
ETH2_PPS_ ATIM3_BKI GTIMB3_E EVENTOU
PII15 oUT LCD_G2 LCD_RO DVP2 D13 N3 ™= - - - _ . - _ _ N _
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Table3-10 GPIOJ Multiplexing Function

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16

Teleteck Park, East Wing, Singapore 117674

Email: sales@nsing com sg

Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ETH2_MIT_ . . ATIM4_ET GTIMB3_C UARTI5S R | FDCANS T . EVENTOU

PJO TXD2 LCD_R1 LCD_R7 - R HIN X < 12C9_SDA - - - - T -

ETH2_MII_ DVP2_VSY ATIM4_CH GTIMB3_C UARTI5_T FDCANS_R EVENTOU
PJ1 xSPI2_104 TXD3 LCD_R2 NC SPI7_SCK 1 HIP % X 12C9_SCL - - - T -
PI2 XSPI2 105 LCD_R3 DVPI DIS SPI7 NSS ATIM4_CH GTIMB3_C UARTI5_R 12C9_SMB ) ) ) ) ) EVENTOU )
IN H2 TS A T

ETH2_MII_ . ATIM4_CH GTIMB3_C UARTI3_R UARTI5S C | FDCAN7.T . EVENTOU

PI3 RX DV LCD_R4 DVP1_D14 SPI7_MISO B 3 TS TS < 12C9_SDA - - - T -
ETH2_MII_ ATIM4_CH GTIMB3_C UARTI3_C | FDCAN7 R EVENTOU

PJ4 RX_CLK LCD_R5 DVP1_DI3 SPI7_MOSI N Ha TS < 12C9_SCL - - - - T -
ETH2_MII_ ] ATIM4 BKI | LPTIM5_ET EVENTOU

PJ5 TX ER LCD_R6 DVPI1_D9 - N3 R - - - - - - - T -

PJ6 FEMC D2 LCD_R7 DVP2 DS ATIMZLCH FDC,;NLT _ ) ) _ _ ) ) ) ) EVEI}JTOU )

PJ7 FEMC_D3 LCD_GO DVP2_D9 ATH;%—CH F DC‘;W—R - - - - - - - - - EVEI}]TOU TRGIN
ETH2_MII_ . ATIMI_CH ATIM2_CH USARTS_C UARTI2_T UART14_R FDCANS_T EVENTOU

PJ8 RXD2 LCD_Gl DVP2_DI10 AN ) TS X TS X 12C8_SDA - - - T -
ETH2_MII_ ATIMI_CH ATIM2_CH USARTS_R UARTI2_R UART14_C FDCANS_R EVENTOU

PJ9 RXD3 LCD_G2 DVP2 DIl 3 N TS X TS < 12C8 SCL - - . N _
FEMC_D5/ ATIM1_CH ATIM2_CH UARTI2_C UART14_R 12C8_SMB EVENTOU

PJ10 FEMC DAS LCD_G3 DVP2_D12 SPI5_MOSI N ’ TS X A - - - - T -
FEMC_D6/ . ATIM1_CH ATIM2_CH UARTI2_R UART14_T EVENTOU

PJ11 FEMC DAG6 LCD_G4 DVP2 DI3 SPI5S_MISO 2 N TS X - - - - - T -

PI12 SDMEALCLS FEM&BA LCD._BO LCD_G3 DVP2 DIS ATIM;LCH IZC](:K SMB . . ) ) ) ) EVET_\II_TOU TRGOUT

PI3 SDMMC2_S | FEMC_NBL LCD_BI LCD._B4 VP2 D14 ATIM4_CH 12C10_SDA _ _ ) ) ) ) EVENTOU )

EL 0 3N T
PJl4 FEMC_CRE LCD B2 DVP2 D13 AT“VT—C“ 1210 SCL - . ) : : _ ) ) ) EVEI;TOU i
PILS FEMSBA LCD B3 DVP2 DI2 ATII\A/‘[]é\lFCH ) ) ) ) ) ) ) ) ) EVEI_\II_TOU )
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Port AF0 AF1 AF2 AF3 AF4 AFS AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PKO ETH2_MII_ LCD G5 DVP2 D7 SPIS SCK ATIMI_CH | ATIM2_CH 12C3 SCL ) ) EVENTOU
COL - = - IN 3 - T
PK1 ETH2_MII_ LCD_G6 DVP2 D6 SPIS_NSS ATIMI_CH | ATIM2_CH 12C3_SDA EVENTOU
CRS 1 3N T
ATIMI_BKI | ATIM2 BKI | 12C3_SMB EVENTOU
PK2 FEMC_All LCD_G7 DVP2_D5 Ni N A T
PK3 XSPI2_106 FEMC_D7 LCD_B4 DVP2_DO ATIMN“{BKI 12C10_SDA = = EVET}]TOU
PK4 XSPI2_107 FEMC_D9 LCD_B5 DVP2_DI GT%‘{“—C 12C10_SCL = = EVEI}ITOU
XSPI2_NCS GTIMAG6_C | 12C10_SMB EVENTOU
PK5 ; FEMC_DI11 LCD_B6 DVP2_D2 o A T
PK6 XSPI2_DQS | FEMC_Al12 LCD_B7 DVP2_D3 Gﬂg’;"—c 12C10_SDA EVET}]TOU
PK7 = FEMC_AIS LCD_DE DVP2_D4 GTIﬂAA‘LC 12C10_SCL = = EVET}]TOU

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16

Teleteck Park, East Wing, Singapore 117674
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4 Electrical Characteristics
4.1 Test Conditions

Unless otherwise specified, all voltages are referenced to VSS.

4.1.1 Minimum and Maximum Values

For Beta versions, minimum and maximum values are based on design simulations.

Notes under each table indicate data obtained through comprehensive evaluation, design simulation, and/or process
characteristics, which will not be tested in production lines. Based on comprehensive evaluation, minimum and
maximum values are derived by taking the average value from sample testing, plus or minus three times the standard

distribution (average £3Y).

4.1.2 Typical Values
Unless otherwise specified, typical data is based on TA=25°C and VDD=3.3V (voltage range 1.8V < VDD < 3.6V).

These data are provided only as design guidance and are not tested.

4.1.3 Typical Curves

Unless otherwise specified, typical curves are provided only as design guidance and are not tested.

4.1.4 Load Capacitance

The load conditions for measuring pin parameters are shown in Figure 4-1.

Figure 4-1: Load Conditions for Pins

—1] MCU

30pF —

4.1.5 Pin Input Voltage

The method for measuring input voltage on pins is shown in Figure 4-2.
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Figure 4-2: Pin Input Voltage
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Figure 4-1 Power Supply Scheme
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4.1.7 Current Consumption Measurement

Figure 4-4: Current Consumption Measurement Scheme 4-2

IDD'VBAT

( ) VBAT

4.2 Absolute Maximum Ratings
Loads applied to the device that exceed the values given in the "Absolute Maximum Ratings" tables (Table 4-1, Table

nsing.com.sg

4-2, Table 4-3) may cause permanent damage to the device. These values only indicate the maximum tolerable loads

and do not imply that the device will function correctly under these conditions. Long-term operation at maximum

values will affect device reliability.

Table 4-1: Voltage Characteristics

Symbol Description Minimum Maximum Unit
Vb - Vss External main supply voltage (including Vopa®1Vpp)™" -0.3 4.0
v Input voltage on 5V-tolerant pins @ Vss-0.3 5.5 A%

™ Input voltage on other pins ® Vss-0.3 Vop +0.3
| AVbpx | Voltage difference between different supply pins - 50

- - - mV
| Vssx- Vss| Voltage difference between different ground pins - 50
ESD electrostatic discharge voltage (human body .

VESD(HBM) model) See Section 4.3.11

allowable range.
2. VIN should not exceed its maximum value; for current characteristics, refer to Table 4-2.

3. When a 5V-tolerant pin receives 5.5V input, VDD cannot be lower than 2.25V.

Table 4-2: Current Characteristics

1. All power supply (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to an external power system within the

Symbol Description Maximum @ Unit

Ivpp Total current through VDD/VDDA power lines (supply current) (1)(4) TBD

Ivss Total current through VSS ground lines (output current) (™ TBD

I Output sink current on any I/O and control pin 12 A

10 m
Output source current on any I/O and control pin -12
Injection current for NRST pin -5/0

]INJ(PIN)(2)(3) . -
Injection current for other pins +/-5
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All power supply (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to an external power system within the

allowable range.
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When VIN > VDD, there is a forward injection current; when VIN < VSS, there is a reverse injection current. [IINJ(PIN) should not

exceed its maximum value; for voltage characteristics, refer to Table 4-1.

Reverse injection current will interfere with the device's analog performance. See Section 4.3.27.

When maximum current occurs, the maximum allowed VDD voltage drop is 0.1VDD.

Table 4-3: Temperature Characteristics

Symbol Description Value Unit
Tsr Storage temperature range -40 ~+ 150 °C
Ty Maximum junction temperature 125 °C
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4.3 Operating Conditions

4.3.1 General Operating Conditions

Table 4-4: General Operating Conditions

nsing.com.sg

Symbol Parameter Conditions Minimum | Maximum Unit
Arm® Cortex®-M7 clock
fcru VCORE = 0.9V - 600
frequency
facLk AXI clock frequency VCORE = 0.9V - 300
frerk AHB clock frequency VCORE =0.9V - 300
MHz
frcrx APB clock frequency VCORE =0.9V - 150
Vb Standard operating voltage - 2.3 3.63 v
Analog section operating
Vbpa Must be the same as VDD 2.3 3.63 \Y%
voltage
Backup section operating
VBat - 1.8 3.63 v
voltage
Ambient temperature ) )
Ta Maximum power consumption -40 TBD °C
(temperature grade 7)
T) Junction temperature range Temperature ’ -40 125 °C

1.  Itis recommended to use the same power supply for VDD and VDDA. During power-up and normal operation, a maximum difference

of 300mV is allowed between VDD and VDDA.

4.3.2 VCAP External Capacitor
The stability of the main regulator can be achieved by connecting an external capacitor CEXT to the VCAP pin. Table

4-5 specifies CEXT. Two external capacitors can be connected to the VCAP pin.

Figure 4-5: External Capacitor CEXT

ESR

RLEAK
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1. ESR s Equivalent Series Resistance

Table 4-5: VCAP Operating Conditions

Symbol Parameter Conditions
Cexr Vb rise rate TBD
ESR External capacitor ESR TBD

4.3.3 Operating Conditions During Power-up and Power-down

The parameters given in the table below are tested at the ambient temperature (25°C) listed in Table 4-4.

Table 4-6: Operating Conditions During Power-up and Power-down

Symbol Parameter Conditions Minimum Maximum | Unit
Vbp rise rate TBD )

tvbD - us/'V
Vop fall rate TBD )

4.3.4 Embedded Reset and Power Control Module Characteristics
The parameters given in the table below are tested at the ambient temperature (25°C) and VDD supply voltage listed in
Table 4-4.

Table 4-7: Embedded Reset and Power Control Module Characteristics

Symbol Parameter Conditions Minimum Typical Maximum | Unit

PRS[2:0]=000 (Rising edge) 1.7 1.78 1.86 \%

PRS[2:0]=000 (Falling edge) 1.6 1.68 1.76 A%

PRS[2:0]=001 (Rising edge) 1.8 1.88 1.96 v

PRS[2:0]=001 (Falling edge) 1.7 1.78 1.86 v

PRS[2:0]=010 (Rising edge) 1.9 1.98 2.06 v

PRS[2:0]=010 (Falling edge) 1.8 1.88 1.96 v

PRS[2:0]=011 (Rising edge) 2 2.08 2.16 v

Programmable PRS[2:0]=011 (Falling edge) 1.9 1.98 2.06 v

voltage detector level

Voo selection PRS[2:0]=100 (Rising edge) 2.09 2.18 2.26 v
PRS[2:0]=100 (Falling edge) 2.28 2.38 2.46 v

PRS[2:0]=101 (Rising edge) 2.19 2.28 2.36 \Y

PRS[2:0]=101 (Falling edge) 2.38 2.48 2.56 Vv

PRS[2:0]=110 (Rising edge) 2.28 2.38 2.46 \Y

PRS[2:0]=110 (Falling edge) 2.46 2.58 2.66 \Y

PRS[2:0]=111 (Rising edge) 2.36 2.48 2.56 \%

PRS[2:0]=111 (Falling edge) 2.56 2.68 2.76 \%

PRS[2:0]=000 (Rising edge) 2.46 2.58 2.66 \%

PRS[2:0]=000 (Falling edge) 2.66 2.78 2.86 \%
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PRS[2:0]=001 (Rising edge) 2.56 2.68 2.76 v
PRS[2:0]=001 (Falling edge) 2.76 2.88 2.96 v
PRS[2:0]=010 (Rising edge) 2.66 2.78 2.86 v
PRS[2:0]=010 (Falling edge) 2.6 2.68 2.76 A%
PRS[2:0]=011 (Rising edge) 2.8 2.88 2.96 A%
PRS[2:0]=011 (Falling edge) 2.7 2.78 2.86 A%
Programmable PRS[2:0]-100 (Rising edge) 32 3.28 336 v
voltage detector level
selection PRS[2:0]=100 (Falling edge) 3.1 3.18 3.26 v
PRS[2:0]=101 (Rising edge) 33 3.38 3.46 \%
PRS[2:0]=101 (Falling edge) 32 3.28 3.36 v
PRS[2:0]=110 (Rising edge) 34 3.48 3.56 v
PRS[2:0]=110 (Falling edge) 32 3.28 3.36 v
PRS[2:0]=111 (Rising edge) 3.5 3.58 3.66 v
PRS[2:0]=111 (Falling edge) 3.4 3.48 3.56 v
VpVDhyst! PVD hysteresis - - 100 - mV
VDD power-
on/power-down reset - - 1.62 - v
threshold
BOR_CFG[2:0]=000(Rising edge) 1.7 1.72 1.75 v
BOR_CFG [2:0]=000(Falling edge) 1.65 1.67 1.69 v
BOR_CFG[2:0]=001(Rising edge) 1.85 1.9 1.95 v
BOR_CFG[2:0]=001(Falling edge) 1.75 1.8 1.85 v
BOR power- BOR_CFG[2:0]=010(Rising edge) 2.15 22 225 v
on/power-down reset
threshold BOR_CFG[2:0]=010(Falling edge) 2.05 2.1 2.15 \%
BOR_CFG[2:0]=011(Rising edge) 2.45 2.5 2.55 v
BOR_CFG[2:0]=011(Falling edge) 2.35 2.4 2.45 v
BOR_CFG[2:0]=100(Rising edge) 2.75 2.8 2.85 v
BOR_CFG[2:0]=100(Falling edge) 2.65 2.7 2.75 \%
Trstrempo” | Reset duration - - 0.1 ms
1. Guaranteed by design, not tested in production.

4.3.5 Built-in Bandgap Reference Voltage

The parameters given in the table below are tested at the ambient temperature (25°C) and VDD supply voltage listed in

Table 4-4.

Table 4-8: Built-in Reference Voltage

Symbol

Parameter

Conditions

Minimum

Typical

Maximum

Unit
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Built-in bandgap
Vaa -40°C< Ti< +125°C 1.164 1.2 1.236 v
reference voltage

ADC sampling time

when reading internal
Ts_sa) - 5.1 17.1® us
bandgap reference

voltage
Internal voltage drift
VDD =3.3V
AVsa over the full temperature - - 10 mV
-40°C< Ti< +125°C
range
Teoett Temperature coefficient | -40°C< Tj<+125°C - - 48 ppm/°C

I.

2.

The minimum sampling time is obtained through multiple cycles in the application.

Guaranteed by design, not tested in production.

4.3.6 Supply Current Characteristics

Current consumption is a comprehensive indicator of various parameters and factors, including operating voltage,

ambient temperature, I/O pin load, product software configuration, operating frequency, I/O pin switching rate,

program location in memory, and executed code.

For current consumption measurement method details, see Figure 4-4.

All current consumption measurements in running modes given in this section are performed while executing a

simplified set of code.

4.3.6.1 Maximum Current Consumption

he microcontroller is under the following conditions:

All I/O pins are in input mode and connected to a static level—VDD or VSS (no load).

All peripherals are turned off, unless otherwise specified.

TCM memory access time is adjusted to the fastest frequency that can be run.

Instruction prefetch function is enabled (Note: this parameter must be set before setting the clock and bus dividers).
When peripherals are enabled: AXI, AHB, APB clock frequencies are configured to maximum.

VDD=3.63V, junction temperature equals 125°C.

The parameters given in Tables 4-9 and 4-10 are tested at the ambient temperature (25°C) and VDD supply voltage
listed in Table 4-4.

Table 4-1 Maximum Current Consumption in Run Mode, Data Processing Code Running from Internal Flash

Typical ® Maximum @
Symbol | Parameter Conditions fucLk Ti= Ty= Ti= Ti= Unit
25°C 85°C 105°C 125°C
External TBD TBD TBD TBD TBD TBD
Ipp 0.9v mA
clock, all TBD TBD TBD TBD TBD TBD
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peripherals 08 TBD TBD TBD TBD TBD TBD
8V
enabled TBD TBD TBD TBD TBD TBD
Supply
External TBD TBD TBD TBD TBD TBD
current in run 0.9v
d clock, all TBD TBD TBD TBD TBD TBD
mode
peripherals TBD TBD TBD TBD TBD TBD
0.8V
disabled TBD TBD TBD TBD TBD TBD

1. Derived from comprehensive evaluation, not tested in production.

Table 4-10: Maximum Current Consumption in Sleep Mode

Typical ®
Symbol | Parameter Conditions facLk Unit
TBD Ty=125°C
TBD TBD TBD
External clock, all TBD TBD TBD
peripherals enabled TBD TBD TBD
Supply
TBD TBD TBD
Ipp current in mA
TBD TBD TBD
sleep mode
External clock, all TBD TBD TBD
peripherals disabled TBD TBD TBD
TBD TBD TBD

1. Guaranteed by comprehensive evaluation results, not tested in production.

4.3.6.2 Low-power Mode Current Consumption

MCU is under the following conditions:

e AllI/O pins are in input mode and connected to a static level—VDD or VSS (no load).
e All peripherals are turned off unless specifically stated.

Table 4-11 Typical and maximum current consumption in stop and standby

Typical Value® | Unit
Symbol Parameter Conditions
Ty=25°C
) Main power domain VDDDMAIN is in running mode, low-
Supply current in STOPO ) ) . .
d speed and high-speed internal RC oscillators and high-speed TBD
mode
oscillator are in off state (no independent watchdog)
Retention domain (VDDDRET) power remains on, main power
Supply current in STOP2 domain VDDDMAIN off, low-speed and high-speed internal TBD
Ipp mode RC oscillators and high-speed oscillator are in off state (no pA
independent watchdog)
Low-speed oscillator on, RTC on, IWDG on, Backup SRAM TBD
Supply current in retained
STANDBY mode Low-speed oscillator on, RTC off, IWDG off, Backup SRAM TBD
retained

95/160 NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



NSING nsing.com.sg

Low-speed oscillator on, RTC off, IWDG off, Backup SRAM TBD
not retained
Supply current in VBAT )
Ipp_vBAT q Low-speed oscillator and RTC are on TBD
mode

1. Guaranteed by comprehensive evaluation results, not tested in production.

4.3.7 External Clock Source Characteristics

4.3.7.1 High-Speed External Clock Source (External Clock)

High-speed external user clock is generated from an external source. In bypass mode, the HSE oscillator is turned off,

and the input pin functions as a standard I/0. The external clock signal must comply with Table 4-12, and the

recommended clock input waveform is shown in Figure 4-6.

Table 4-12 High-Speed External User Clock Characteristics®

Symbol Parameter Conditions Minimum Typical Maximum Unit
fSE-ext User external clock frequency () 4 25 50 MHz
Viisen OSC_IN input pin high level 0.7VDD ) VDD v

voltage VDD=3.3V,

- - Ta= -

OSC 1IN input pin low level O )
VHSEL voltage 40~105°C Vss 0.3VDD \%
tw(HSE) OSC 1IN high or low time ¥ 7 - - ns

1.  Guaranteed by design..

Figure 4-6 AC timing diagram for external high-speed clock source
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4.3.7.2 Low-Speed External Clock Source (External Clock)

In bypass mode, the LSE oscillator is turned off, and the input pin functions as a standard I/O. The external clock signal

must comply with Table 4-13, and the recommended clock input waveform is shown in Figure 4-7.
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Table 4-13 Low-Speed External User Clock Characteristics(1)

Symbol Parameter Conditions Minimum Typical Maximum Unit
User external clock

fLsE-ext frequency () - 32.768 1000 KHz

Visen lOSCiSZiN input pin high 0.7vDD - VDD A%
cvel voltage VDD=33V,

ViSEL OSC32_IN input pin low | Ta=-40~105°C Vss ) 0.3VDD v
level voltage

tw(LSE) Snslgi)Z*IN high or low 250 - - ns

1.  Guaranteed by design..

Figure 4-7 AC timing diagram for external low-speed clock source
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4.3.7.3 High-Speed External Clock Source (External Crystal/Ceramic)

The high-speed external (HSE) clock can be provided by a 4 to 48 MHz crystal/ceramic resonator oscillator. All
information given in this section is based on the analysis results of typical external component characteristics specified
in the table below. In applications, the resonator and load capacitors must be placed as close as possible to the oscillator
pins to minimize output distortion and startup stabilization time. For more details on resonator characteristics

(frequency, package, accuracy), please consult the crystal resonator manufacturer.

Table 4-14 HSE 4~48MHz Oscillator Characteristics(1)

Symbol Parameter Conditions @ Minimum Typical Maximum Unit
f Oscillator frequency - 4 25 48 MHz
R Feedback resistance - - 200 - KQ

O - i 4

. VDD=3 V, Rm=30 Q,
IDDunsk HSE drive current CL=10 pF at 4 MHz - 0.8 - mA
VDD=3 V, Rm=30 Q, 12
CL=10 pF at 8 MHz ) : )
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VDD=3 V, Rm=30 Q,
CL=10 pF at 16 MHz
VDD=3 V, Rm=30 Q,
CL=10 pF at 32 MHz
VDD=3 V, Rm=30 Q,
CL=10 pF at 48 MHz

- 1.65 -

Maximum oscillator

GmMecritmax transconductance Startup - - 1.5 mA/V

tsucuse)® Startup time VDD already stable - 2 5 ms

1.  Guaranteed by design.

2. Resonator characteristic parameters are provided by the crystal/ceramic resonator manufacturer.
3. Time consumption occurs during the first 2/3 phase of the tSU(HSE) startup time.

4. tSU(HSE) is the startup time, measured from when HSE is enabled by software until a stable SMHz oscillation is obtained. This

value is measured on a standard crystal resonator and may vary considerably depending on the crystal manufacturer.

Note: For CLI1 and CL2, it is recommended to use high-quality external ceramic capacitors in the range of 5 pF to 25 pF (typical values),
which are designed for high-frequency applications, and their selection should meet the requirements of the crystal or resonator (see Figure
4-8). CLI and CL2 are typically the same size. Crystal manufacturers usually specify a load capacitance, which is the series combination of
CLI and CL2. When determining the size of CL1 and CL2, the PCB and MCU pin capacitance must be taken into account (10 pF can be

used as a rough estimate for the combined pin and circuit board capacitance).

Figure 4-8 Typical application using an SMHz crystal

Resonator with

integrated capacitor C
— OSC_IN fuse
I T : {1 >
| = | 8MHz RF Gain
I | Resonstor control
I |—-r—’—'\N\¢—|
_— e e - - =
= Ci, Rexr" OSC_ouTt

1. The value of Rexr is determined by the characteristics of the crystal.

4.3.7.4 Low-Speed External Clock Source (External Crystal/Ceramic Resonator)

The low-speed external clock (LSE) can be generated using an oscillator consisting of a 32.768kHz
crystal or ceramic resonator (crystal mode).

The information provided in this section is based on comprehensive characteristic evaluations using
typical external components listed in the table below.

In applications, the resonator and load capacitors must be placed as close as possible to the oscillator
pins to minimize output distortion and startup stabilization time.

For detailed parameters of the crystal resonator (such as frequency, package, accuracy, etc.), please
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consult the respective manufacturers.
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(Note: The "crystal resonator" mentioned here refers to a standard passive crystal oscillator.)
Note: For CL1 and CL2, it is recommended to use high-quality ceramic capacitors and to select crystals
or resonators that meet the required specifications. Typically, CL1 and CL2 have the same

specifications.

Crystal manufacturers usually specify the load capacitance parameters based on the series combination

of CL1 and CL2.

The load capacitance CL is calculated as follows:

Cr=Cr xCr2/ (CL] + CLZ) + Cctray

is the stray capacitance associated with the pins and PCB (Printed Circuit Board).

Example:

If a resonator with a specified load capacitance CL = 6pF is selected and Cstray = 2pF, then CL1 =

CL2 = 8pF.

Table 4-15 LSE Oscillator Characteristics®

Symbol

Parameter

Conditions

Min

Typ

Max

Unit

Oscillator Frequency

32.768

KHz

Feedback Resistor

100

IDDLse

LSE Drive Current

Low drive
capability

300

Medium-low drive
capability

400

Medium-high
drive capability

550

High drive
capability

1000

nA

GMecritmax

Maximum Oscillator
Transconductance

Low drive
capability

0.5

Medium-low drive
capability

Medium-high
drive capability

High drive
capability

uA/v

tsu

Startup Time

After VDD
stabilizes

1. Guaranteed by comprehensive evaluation, not tested in production.

2. tSU (LSE) is the startup time measured from the moment LSE is enabled via software until a stable
32.768kHz oscillation is achieved. This value is measured with a standard crystal resonator and may
vary significantly depending on the crystal manufacturer.
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Figure 4-9 Typical Application Using a 32.768kHz Crystal
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4.3.8 Internal Clock Source Characteristics
Table 4-16 HS164 Oscillator Characteristics
4.3.8.1 64MHz High-Speed Internal Oscillator (HSI164)
Table 4-16 HS164 Oscillator Characteristics
Symbol Parameter Conditions Min Typ Max Unit
fitstos Frequency VDD-3.3V, Tis 25 degrees C, 63.68 64 64.32 MHz
after calibration
TRIM User calibration step | i 05 i %
size
USER TRIM User calibration + 32 steps 4479 +5.60 ) %

COVERAGE coverage

VDD=3.3V,T)=-40~125°C,
including temperature drift -2 - 2 %

and reflow effects
HSI64 Oscillator

Accuracy

ACChsies
VDD=3.3V,Ts=-20~105°C,
including temperature drift -1.5 - 1.5 %
and reflow effects
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VDD=31t03.6 V - 0.025 0.05
HSI64 Oscillator
AVDD(HSI48) frequency drift with o
VDD
VDD=23Vto3.6V - 0.05 0.1
HSI Oscillator
tsusies) startup time ) ! 6 10 Ks
DuCy(HSI64) Duty cycle - 45 50 55 %
IpD(HSI64) HSI Oscillator . - - 250 350 HA
power consumption
Next transition jitter
Nr jitter (accumulated over 28 - - TBD - us
cycles)
Paired transition
Pr jitter jitter (accumulated - - TBD - us
over 56 cycles)

4.3.8.2 Multi-Speed Internal Oscillator (MSI)

Table 4-2 MSI Oscillator Characteristics

Symbol Parameter Conditions Mn Typ Max Unit
VDD =33V, TJs =
fmsi Frequency 25°C, after calibration, 15.84 16 16.16 MHz
default MSI = 16MHz
TRIM User calibration step ) i 0.175 ) %
size
USER TRIM User calibration o
COVERAGE coverage + 32 steps +4.79 +5.60 - %
VDD =33V, TJ=-
40~125°C, including o
temperature drift and 2 ) 2 &
reflow effects
ACCus MSI Oscillator
Accuracy
VDD =33V, TJ=-
20~105°C, including o
temperature drift and -13 ) 1.5 %
reflow effects
MSI Oscillator
tsumsI) startup time - - 4 6 us
DuCy(MSI) Duty cycle - 45 50 55 %
Ipp(msty MSI Oscillator . - - 150 200 LA
power consumption
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4.3.8.3 Low-Speed Internal Oscillator (LSI)

Table 4-18 LSI Oscillator Characteristics

Symbol Parameter Conditions Min Typ Max Unit
25°C calibration, VDD 3136 3 32 64 KHz
PG =33V ’ '
LsI Output frequency VDD 18V 3.6V T
=1.8V~3.6V,Ti=
-40~105°C 304 32 33.6 KHz
fSULSH () {;ileOscﬂlator startup ) ) 30 80 s
LSI Oscillator
¢ stabilization time ) ) _ ) _
SablLSh (within 5% of final
value)

LSI Oscillator power
Ippsn 3 consumption p - - 1.2 24 LA

4.3.9 Wake-up Time from Low-Power Modes
Table 4-19 Wake-up Times for Low-Power Modes

Table 4-19 Wake-up Times for Low-Power Modes

Typical Value
Symbol Parameter o Unit
tWUSLEEP Wake-up from Sleep mode TBD Cycles
Wake-up from Stop 0 mode TBD us
twusToPO
Wake-up from Stop 2 mode TBD us
twUSTDBY Wake-up from Standby mode TBD us

4.3.10 PLL Characteristics

The parameters listed in Table 4-19 and Table 4-21 were measured under ambient temperature (25°C) and supply

voltage conditions as specified in Table 4-4.

4.3.10.1 PLL1/2/3 Characteristics

Table 4-3 PLL Characteristics

Value
Symbol Parameter Unit
Min Typ Max®
PLL input clock (2) 8 25 64 MHz
fore v -
PLL input clock duty cycle 40 50 60 %
feLe_out PLL multiplied output clock 440 - 800 MHz
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tLock PLL Ready signal output time - - 150 us
Jitter Rms cycle-to-cycle jitter @800MHz - +4 - ps
fvco_out PLL VCO output 440 - 800 MHz
1599 Operating Current of PLL @200MHz VCO frequency. - 3 - uA

1. Obtained from characterization; not tested in production.

2. Care must be taken to use the correct multiplication factor so that the fPLL._OUT remains within
the allowed range according to the PLL input clock frequency.

4.3.10.2 SHRPLL Characteristics

Table 4-4 SHRPLL Characteristics

Value
Symbol Parameter Unit
Min Typ Max®

SHRPLL input clock ® 8 25 64 MHz
fsHRPLL_IN -

SHRPLL input clock duty cycle 40 50 60 %
fsureLL out | SHRPLL multiplied output clock 440 - 1250 MHz
tLock SHRPLL Ready signal output time 10 62.5 125 us
Jitter Rms period jitter @1250MHz - +2 - +ps
IsurpLL Operating Current of SHRPLL @1250MHz VCO frequency. - 6 - mA

1. Results based on comprehensive evaluation, not tested in production.

2. Attention must be paid to using the correct multiplication factor to ensure that the £sERPLL_oUT

falls within the permissible range based on the input clock frequency.

4.3.11 Absolute Maximum Ratings (Electrical Sensitivity)

Based on different tests (ESD, LU), specific measurement methods are used to evaluate the chip's

performance regarding electrical sensitivity.

Electrostatic Discharge (ESD)

An electrostatic discharge (one positive pulse followed by one negative pulse after one second) is

applied to all pins of all samples.

Table 4-22 ESD Absolute Maximum Ratings

Symbol Parameter Conditions Type Max® Unit
ESD Voltage (Human Body TA =+25°C, per MIL-STD-883K
VESDHBM) 3A 2000 Vv
Model) Method 3015.9
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ESD Voltage (Charged Device TA =+25°C, per ESDA/JEDEC JS-002-
VESD(cDM) C3 200
Model) 2018

1. Results based on comprehensive evaluation, not tested in production.

Latch-Up (LU)
To evaluate latch-up performance, two complementary static latch-up tests are performed on six
samples:

e Provide an over-limit supply voltage to each power pin.

e Inject current into each input, output, and configurable I/O pin.

This test complies with EIA/JESD78A IC latch-up standard.

Table 4-5 Static Latch-Up

Symbol Parameter Conditions Type Min®

LU Static Latch-Up Class Ta=+105°C, perJESD 78E Class II A +200mA, 1.5*VDDMAX

1. Tested under room temperature conditions.

4.3.12 I/O Port Characteristics

General Input/Output Characteristics

Unless otherwise specified, parameters listed below are measured under the conditions in Table 4-4. All I/O ports are

CMOS and TTL compatible.

Table 4-24 1/0O Static Characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vop=3.3V 2 - Vbp
Vi Input low level voltage | Vbp=2.5V 1.7 - Vbp
Vpp=1.8V 0.7 Vbp - Vb v
Vpp=3.3V VSS - 0.8
Input high level
Vi Vbp=2.5V VSS - 0.7
voltage
Vbp=1.8V VSS - 0.3 Vobp
Vbp=3.3V 200 - -
Schmitt trigger — - -
Vhys &g Vpp=2.5V 165 mV

hysteresis voltage ()
Vpp=1.8V 165 -

Vpp=Maximum
likg Input leakage current ® . -5 - 5 HA
Vrap=0 B Vrap=Vpp®

Weak pull-up VDD=3.3v,Vin= Vss 16 - 614 kQ
Rpy
equivalent resistance @ | VDD=1.8~3.3v,Vin= Vss 16 - 142.6 kQ
Rrp VDD=3.3v,Vin= VDD 16 - 61.4 kQ
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Weak pull-down
VDD=1.8~3.3v,VIN= VDD 16 - 142.6 kQ
equivalent resistance ¥
Cio I/O pin capacitance - - 5 - pF

1. Schmitt trigger hysteresis voltage at switching level. Results based on evaluation, not tested in
production.

2. Atleast 100mV.

3. Ifthere is reverse current injection between adjacent pins, leakage current may exceed the
maximum value.

4.  Pull-up and pull-down resistors are implemented via switchable PMOS/NMOS.

5. VPAD refers to the I/O pin input voltage.

All I/O ports are CMOS and TTL compatible (no software configuration required). Their characteristics
consider stringent CMOS process or TTL parameters:

Output Drive Current
GPIO (General Purpose 1/O ports) can sink or source up to £12mA of current. In user applications, the number of I/O
pins must ensure that the drive current does not exceed the absolute maximum ratings defined in Section 4.2:
o  The total current drawn from VDD by all I/O ports plus the MCU's maximum operating current must not
exceed IVDD (Table 4-2).
o The total current sunk into VSS by all I/O ports plus the MCU's maximum current sourced to VSS must not
exceed IVSS (Table 4-2).
Output Voltage
Unless otherwise specified, parameters in Table 4-27 are measured at room temperature (25°C) and under supply

voltages per Table 4-4. All I/O ports are CMOS and TTL compatible.

Table 4-6 FT 10 Drive Capability Table"

Ion, Tow, Ion, Tow, Ion, Ior,
Drive Level Unit
VDD=3.3V VDD=3.3V VDD=2.5V VDD=2.5V VDD=1.8V VDD=1.8V
2 2.7 33 TBD TBD 1.4 1.5 mA
4 5.7 6.6 TBD TBD 3 3.1 mA
8 11.2 133 TBD TBD 6 6.3 mA
12 16.8 19.9 TBD TBD 9 9.5 mA
1. Guaranteed by design, not tested in production

Table 4-26 TC 10 Drive Capability Table®

Ion, oL, Ion, oL, Ion, oL,
Drive Level Unit
VDD=3.3V VDD=3.3V VDD=2.5V VDD=2.5V VDD=1.8V VDD=1.8V
2 8.1 6.1 3.1 4.5 2.6 3.8 mA
4 16.2 12.2 6.2 9.1 3 3.1 mA
8 28.3 21.4 10.9 16 9.2 13.1 mA
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‘ 12 ‘ 44.1 ‘ 335 17.2 25.2 14.5 ‘ 19.9 ‘ mA |

1.  Guaranteed by design, not tested in production.

Table 4-27 Output Voltage Characteristics®®

Symbol Parameter Conditions Min Max Unit
Vop=3.3V, IoL®¥=12/4/8/12 VSS 0.4
Output low
Vo, Vop=2.5V, loL®=2/4/8/12 VSS 0.4
level voltage
Vop=1.8V, IoL®=2/4/8/12 VSS 0.2* Vbp
v
Vop=3.3V, lou™=2/4/8/12 2.4 Vbp
Output high
Vou® Vbp=2.5V, lou™=2/4/8/12 2 Vbp
level voltage
Vop=1.8V, Ion™®=2/4/8/12 0.8*Vpp Vb

1. TIO current drawn by the chip must comply with the absolute maximum ratings in Table 4-2. Total
IO for all I/O and control pins must not exceed IVSS.

2. IO current output by the chip must comply with absolute maximum ratings. Total IIO must not

exceed IVDD.

Results based on evaluation, not tested in production.

Actual drive capability, see Table 4-25.

5. PC13, PC14, and PC15 are excluded.

nalie

Output Buffer Timing Characteristics

Unless otherwise specified, the parameters listed in Tables 4-28 and 4-29 are measured at 25°C and under supply

voltages per Table 4-4.

Table 4-28 Output Timing Characteristics (TC 10) ¥

PMODE Symbol Parameter Conditions Min Max Unit
C=50 pF, 2.7 V< Vpp<3.6 V - 19
C=50 pF, 2.3 V<Vpp<2.7 V - 10
C=30pF, 2.7 V<Vpp<3.6 V - 31
Fmax® Maximum Frequency C=30 pF, 23 V=Vor=27 V : 6 MHz
C=10 pF, 2.7 V<Vpp<3.6 V - 84
C=10 pF, 2.3 V<Vpp<2.7 V - 48
00 C=50 pF, 2.7 V< Vpp<3.6 V - 179
C=50 pF, 2.3 V<Vpp<2.7 V - 135
\ Fall time from high level to C=30pF, 2.7 V<Vpp<3.6 V - 11
e T e ey Ty RETE
C=10 pF, 2.7 V<Vpp<3.6 V - 4.1
C=10 pF, 2.3 V<Vpp<2.7 V - 77
C=50pF, 2.7 V< Vpp<3.6 V - 51
01 Fmax® | Maximum frequency C=50pF, 2.3 V=Vpp=2.7V - 32 MHz
C=30 pF, 2.7 V<Vpp<3.6 V - 35
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C=30pF, 2.3 V<Vpp<2.7V - 45
C=10pF, 2.7 V<Vpp<3.6 V - 222
C=10pF, 2.3 V<Vpp=2.7 V - 118
C=50pF, 2.7 V< Vpp<3.6 V - 6.6
C=50 pF, 2.3 V<Vpp=2.7 V - 99
s Fall time from high level to C=30pF, 2.7 V<Vpp<3.6 V - 4.1
o/t low level ?éliiz;elgvf{clle from =30 pF, 23 VeVor27 V - 77 "
C=10pF, 2.7 V<Vpp<3.6 V - 1.7
C=10pF, 2.3 V<Vpp<2.7 V - 31
C=50 pF, 2.7 V<Vpp<3.6 V@ - 87
C=50 pF, 2.3 V<Vpp<2.7 V@ - 46
C=30 pF, 2.7 V<Vpp<3.6 V@ - 143
Fmax® Maximum frequency C=30 pF, 2.3 V=Vpp=2.7 V® ; o MHz
C=10 pF, 2.7 V<Vpp<3.6 V@ - 339
C=10 pF, 2.3 V<Vpp<2.7 V@ - 185
10 C=50 pF, 2.7 V<Vpp<3.6 V@ - 3.92
C=50 pF, 2.3 V<Vpp<2.7 V@ - 75
\ Fall time from high level to C=30 pF, 2.7 V<Vpp=3.6 V& - 2.41
| fonlewd e TN v — ] "
C=10 pF, 2.7 V<Vpp<3.6 V@ - 1.06
C=10 pF, 2.3 V<Vpp<2.7 V¥ - 1.98
C=50 pF, 2.7 V<Vpp<3.6 V¥ - 138
C=50 pF, 2.3 V<Vpp<2.7 V@ - 69
C=30 pF, 2.7 V<Vpp<3.6 V¥ - 215
Fmax® Maximum frequency C=30 pF, 23 V=Vpo=2.7 V® 3 . MHz
C=10 pF, 2.7 V<Vpp<3.6 V@ - 467
C=10 pF, 2.3 V<Vpp<2.7 V@ - 260
i C=50 pF, 2.7 V<Vpp<3.6 V@ - 25
C=50 pF, 2.3 V<Vpp<2.7 V@ - 505
Fall time from high level to C=30 pF, 2.7 V<Vpp=3.6 V& - 1.6
| fovlewt e TN v — ] "
C=10 pF, 2.7 V<Vpp<3.6 V@ - 0.77
C=10 pF, 2.3 V<Vpp<2.7 V@ - 1385

Ju—

Design guaranteed.
The definition conditions for the maximum frequency are as follows:
(tr+th)<2/3T
Skew <1/20 T
45% < Duty Cycle <55%
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3. The fall time and rise time are defined respectively as the time between 90% and 10% of the output waveform, and between 10% and
90%.
4.  Compensation system enabled.

Table 4-29 Output Timing Characteristics (FT 10) ¥

PMODE Symbol Parameter Conditions Min Max Unit
C=50pF, 2.7 V< Vpp<3.6 V - 13
C=50 pF, 2.3 V<Vpp<2.7V - 6
C=30 pF, 2.7 V<Vpp<3.6 V - 20
(2 i
Fmax Maximum Frequency C=30 pF, 2.3 V=Vop=2.7 V . o MHz
C=10 pF, 2.7 V<Vpp<3.6 V - 46
00 C=10 pF, 2.3 V<Vpp<2.7 V - 24
Fast C=50 pF, 2.7 V< Vpp<3.6 V - 26.4
C=50 pF, 2.3 V<Vpp2.7 V - 48.8
. . C=30pF, 2.7 V<Vpp<3.6 V -
o) Fall time from high to low and P oP 17 s
i rise time from low to high C=30 pF, 2.3 V<Vpp<2.7 V - 311
C=10 pF, 2.7 V<Vpp<3.6 V - 77
C=10 pF, 2.3 V<Vpp<2.7V - 13.6
C=50pF, 2.7 V< Vpp<3.6 V - 26
C=50 pF, 2.3 V<Vpp<2.7V - 13
C=30pF, 2.7 V<Vpp<3.6 V - 40
(2 i
Fmax Maximum Frequency C=30 pF, 2.3 V=Vop=2.7 V : . MHz
C=10 pF, 2.7 V<Vpp<3.6 V - 86
o1 C=10 pF, 2.3 V<Vpp<2.7 V - 46
Fast C=50 pF, 2.7 V< Vpp<3.6 V - 132
C=50 pF, 2.3 V<Vpp<2.7V - 24.8
. . C=30 pF, 2.7 V<Vpp<3.6 V -
i Fall time from high to low and P oP 8.6 s
i rise time from low to high C=30 pF, 2.3 V<Vpp<2.7 V - 16.1
C=10 pF, 2.7 V<Vpp<3.6 V - 4
C=10 pF, 2.3 V<Vpp<2.7 V - 73
C=50 pF, 2.7 V<Vpp=<3.6 V¥ - 50
C=50 pF, 2.3 V<Vpp=2.7 V¥ - 36
C=30 pF, 2.7 V<Vpp=3.6 V¥ - 75
@ i
Fmax' Maximum frequency C=30 pF, 2.3 V=Vpp=2.7 V® ; 1 MHz
10 C=10 pF, 2.7 V<Vpp=3.6 V¥ - 151
C=10 pF, 2.3 V<Vpp=2.7 V¥ - 83
C=50 pF, 2.7 V<Vpp=3.6 V¥ - 6.97
Fall time from high to low and | C=50 pF. 2.3 V<Vpp<2.7 V@& -
3) pr, 2. <VDD=Z.
bt rise time from low to high 9-65 ns
C:30 pF, 2.7 VSVDDS36 V(4) - 466
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B 8.4
C=10 pF, 2.7 V<Vpp<3.6 V¥ - 226
C=10 pF, 2.3 V<Vpp<2.7 V¥ - 4
C=50 pF, 2.7 V<Vpp<3.6 V¥ - 7
C=50 pF, 2.3 V<Vpp<2.7 V¥ - 38
C=30 pF, 2.7 V<Vpp<3.6 V¥ - 106
Fmax® Maximum frequency C=30 pF, 2.3 V=Vpp=2.7 V@ ; e MHz
C=10 pF, 2.7 V<Vpp<3.6 V¥ - 202
" C=10 pF, 2.3 V<Vpp<2.7 V¥ - 113
Fast C=50 pF, 2.7 V<Vpp<3.6 V¥ - 4.82
C=50 pF, 2.3 V<Vpp<2.7 V@ - 8.9
. . C=30 pF, 2.7 V<Vpp<3.6 V@ - 328
o) Eall time from high to l.ow and s
rise time from low to high C=30 pF, 2.3 V<Vpp<2.7 V& - 503
C=10 pF, 2.7 V<Vpp<3.6 V@ - 1.65
C=10 pF, 2.3 V<Vpp<2.7 V@ - 2.98

[

Design guarantee.

The definition conditions for the maximum frequency are as follows:

(tr+th<2/3T
Skew < 1/20 T

45% < Duty Cycle < 55%
The fall time and rise time are defined as the time between 90% and 10% of the output waveform, and
between 10% and 90% of the waveform, respectively.
Enable compensation system.

Figure 4-10: Definition of Input/Output AC Characteristics

EXTERNAL OUTPUT on

CL

90.%

| t(10)out I

10%
I

| taoyout |
| I

>
<«

Maximum frequency is achieved if (t,+tf)<=(2/3)T and if the duty cycle is (45-
55%) when loaded by CL specified in the table “I/O AC characteristics”

T

»
\
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4.3.13 NRST Pin Characteristics
The NRST pin input drive uses CMOS technology, and an internal non-removable pull-up resistor, RPU (see Table 4-

30), is integrated. Unless otherwise specified, the parameters listed in Table 4-30 are measured under conditions where

the ambient temperature is 25°C, and the supply voltage meets the conditions specified in Table 4-4.

Table 4-30: NRST Pin Characteristics

Symbol Parameter Condition Min Typ Max Unit
Virers) D NRST Input Low Voltage - VSS - 0.3* Vpp
VinrsT)D NRST Input High Voltage - 0.7* Vop - Vpp v
Vhys(NRST) NRST Schmitt Trigger Hysteresis - 200 - - mV
- Weak Pull-up Equivalent Vie Ves 30 50 70 ‘O
Resistance @
Vearst)) NRST Input Filtered Pulse VDD=3.3V - - 100 ns
VnearsT)D NRST Input Non-Filtered Pulse VDD=3.3V 300 - - ns

N —

Guaranteed by design, not tested during production.
The pull-up resistor is designed as a true resistor in series with a switchable PMOS. The resistance

of the PMOS/NMOS switch is very small (about 10%).
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Figure 4-12: Recommended NRST Pin Protection
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4.3.14 TIM Timer Characteristics

The parameters listed in Tables 4-31, 4-32, 4-33, and 4-34 are guaranteed by design.

For details on the characteristics of input/output multiplexing function pins (output compare, input capture, external

clock, PWM output), please refer to section 4.3.12.

Table 4-31: ATIM1/2/3/4 Characteristics

Symbol Parameter Condition Min Max Unit
) ) ) - 1 - tTIMxCLK
Lres(TIM) Timer Resolution Time
frimxeLk= 300MHz 3.33 - ns
. External Clock Frequency for CH1 to - 0 frimxeLx/2 MHz
EXT
CH4 frimxcLk= 300MHz 0 150 MHz
Restiv Timer Resolution - - 16 bit
16-bit Counter Clock Cycle (Internal - 1 65536 tTIMxCLK
tCOUNTER
Clock) frimxcLk= 300MHz 0.00333 218 us
- - 65536x65536 {TIMxCLK
tMax_count | Maximum Possible Count
frimxeLk= 300MHz - 14.3 S
1. Guaranteed by design, not tested during production.
Table 4-32: GTIMA1/2/3/4/5/6/7 Characteristics (
Symbol Parameter Condition Min Max Unit
_ 1 - tTIMxCLK
tres(TIM) Timer Resolution Time
frimxeLk= 300MHz 3.33 - ns
. External Clock Frequency for CHI to - 0 frimxcri/2 MHz
EXT
CH4 frimxecLk= 300MHz 0 150 MHz
Restiv Timer Resolution - - 16 bit
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16-bit Counter Clock Cycle (Internal - 1 65536 tTIMxCLK
tCOUNTER
Clock) frimxcLk= 300MHz 0.00333 218 us
- - 65536x65536 tTIMxCLK
tMax_count | Maximum Possible Count
frimxcLk= 300MHz - 14.3 S
1.  Guaranteed by design, not tested during production.
Table 4-33: GTIMB1/2/3 Characteristics ()
Symbol Parameter Condition Min Max Uint
) ) ) - 1 - {TIMxCLK
tres(TIM) Timer Resolution Time
frimxeLk= 300MHz 3.33 - ns
. External Clock Frequency for CHI to - 0 frimxcLk/2 MHz
EXT
CH4 frimxecLk= 300MHz 0 150 MHz
External Clock Frequency for CHI to
Restiv - - 16 bit
CH4
16-bit Counter Clock Cycle (Internal - 1 65536 tTIMxCLK
tCOUNTER
Clock) frivxcLk= 300MHz 0.00333 218 us
- - 65536x65536 {TIMxCLK
tmax_count | Maximum Possible Count
frimxcLx= 300MHz - 14.3 S
1.  Guaranteed by design, not tested during production.
Table 4-34: LPTIM1/2/3/4/5 Characteristics
Symbol Parameter Condition Min Max Unit
- 1 - tTIMxCLK
Lres(TIM) Timer Resolution Time
frimxcLk= 150MHz 6.67 - ns
" External Clock Frequency for CH1 to - 0 frivxcri/2 MHz
EXT
CH4 frimxeLk= 150MHz 0 75 MHz
Restiv Timer Resolution - - 16 bit
16-bit Counter Clock Cycle (Internal - 1 65536 ETIMXCLK
tCOUNTER
Clock) frimxcLk= 150MHz 0.00667 437 us
- - 128x65536 {TIMxCLK
tMax_count | Maximum Possible Count
frimxeLk= 150MHz - 55.9 ms

1.  Guaranteed by design, not tested during production.

4.3.15 SDRAM Characteristics
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Figure 4-13: SDRAM Read Timing Diagram
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Table 4-35: SDRAM Read Timing ¥

Symbol Parameter Min Max Unit
t(SDRAM _CLK) | SDRAM CLK Period 7.51(133M) -
ta(SDRAM_BA) Bank Address Valid Time - 4.0
t(SDRAM_BA) Bank Address Hold Time 20 -
td«(SDRAM_A) Address (Row/Column) Valid Time - 4.0
th(SDRAM_A) Address (Row/Column) Hold Time 2.0 -
tda(SDRAM_NCE) Chip Select Valid Time - 4.0
tn(SDRAM_NCE) Chip Select Hold Time 2.0 - s
t(SDRAM_NRAS) | SDRAM NRAS Valid Time - 4.0
t(SDRAM_NRAS) SDRAM NRAS Hold Time 20 -
td(SDRAM_NCAS) SDRAM_NCAS Valid Time - 4.0
tW(SDRAM_NCAS) SDRAM_NCAS Hold Time 2.0 -
ts(SDRAM_DI) Data Input Setup Time 1.2 -
t(SDRAM_DI) Data Input Hold Time 13 i
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Figure 4-14: SDRAM Write Timing Diagram
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Table 4-36: SDRAM Write Timing

Symbol Parameter Min Max Unit
tw(SDRAM_CLK) SDRAM_CLK Period 7.51(133M) -
- 4.0
ta(SDRAM_BA) Bank Address Hold Time
th(SDRAM_BA) Bank Address Hold Time 2.0 -
td«(SDRAM_A) Address (Row/Column) Hold Time - 4.0
2.0

(SDRAM_A) Address (Row/Column) Hold .

Time ns

. . - 4.0
ta(SDRAM_NCE) Chip Select Hold Time

. . 2.0
t(SDRAM_NCE) Chip Select Hold Time -
t(SDRAM_NRAS) | SDRAM_NRAS Hold Time ; 4.0
t(SDRAM_NRAS) | SDRAM_NRAS Hold Time 2.0 -
ta(SDRAM_NCAS) | SDRAM_NCAS Hold Time - 40
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t:(SDRAM_NCAS) | SDRAM_NCAS Hold Time 2.0 -
- 4.0
ta(SDRAM_NWE) Write Enable Hold Time
: . 2.0 R
thW(SDRAM_NWE) Write Enable Hold Time
ta(SDRAM_DO) Data Output Hold Time 7.51(133M) -
t(SDRAM_DO) Data Output Hold Time - 4.0
tda(SDRAM_DQM) Output Byte Mask Hold Time 2.0 -
- 4.0
t(SDRAM_DQM) Output Byte Mask Hold Time

4.3.16 Watchdog Features

Table 4-37: IWDG Maximum and Minimum Count Reset Times (LSI = 32 KHz)

Prescaler PD[2:0] Minimum Duration RL[11:0]=0 Maximum Duration RL[11:0]=0xFFF Unit

/4 000 0.125 512
/8 001 0.25 1024

/16 010 0.5 2048

132 011 1.0 4096 ms
/64 100 2.0 8192

/128 101 4.0 16384

/256 11x 8.0 32768

1. Guaranteed by design, not tested in production.

Table 4-38: WWDG Maximum and Minimum Count Reset Times (PCLK1 = 150MHz)

Prescaler TIMERBJ1:0] Minimum Timeout Maximum Timeout Unit
/1 0 0.02728 445.54
/2 1 0.05456 891.07
ms
/4 2 0.1088 1782.14
/8 3 0.2184 3564.29

1. Guaranteed by design, not tested in production.

4.3.17 12C Interface Features

Unless specified otherwise, the parameters listed in Table 4-39 are measured with environmental
temperature, fPCLK1 frequency, and VDD supply voltage meeting the conditions in Table 4-4.

This product’s I2C interface complies with the standard I2C communication protocol, but with the
following limitations: SDA and SCL are not "true" open-drain pins. When configured for open-drain
output, the PMOS transistor between the pin and VDD is turned off, but still exists.

For detailed characteristics of 12C pins (SDA and SCL) and input/output multiplexing features, refer to
section 4.3.12.
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Table 4-39: 12C Interface Features ()

Standard Fast Mode Fast+Mode High-speed mode
Symbol Parameter Mode . Unit
Min Max Min Max | Min Max Min Max

fscr 12C Interface Frequency 0.0 100 0 400 0 1000 0 3400 KHz
th(sTA) Start Condition Hold Time 4.0 - 0.6 - 0.26 - 0.16 - us
tw(SCLL) SCL Clock Low Time 4.7 - 1.3 - 0.5 - 0.16 - us
tw(SCLH) SCL Clock ngh Time 4.0 - 0.6 - 0.26 - 0.06 - us
fosTay Repeated Start Condition 47 i 0.6 i 0.26 i 0.16 ) s

Setup Time
th(SDA) SDA Data Hold Time 0 - 0 - 0 - 0 - us
tsuspA) SDA Setup Time 250.0 - 100 - 50 - 10 - ns
ti(spa) o SCL=40

SC, SDA Rise Time - 1000 20 300 - 120 10 ns
tr(SCL) SDA=80
tispa) ) SCL=40

SCL, SDA Fall Time - 300 - 300 - 120 10 ns
tf(SCL) SDA=80
tou(sTO) Stop Condition Setup Time 4.0 - 0.6 - 0.26 - 0.16 - us

tw(STO:STA) Stop Condition to Start 4.7 - 1.3 - 0.5 - - us

Condition Time (Bus Idle)

Cb Capacitive Load per Bus - 400 - 400 - 400 400 pf
tv(sDA) Data Valid Time - 3.45 - 0.9 - 0.45 0.1 us
tv (ACK) Acknowledge Valid Time - 3.45 - 0.9 - 0.45 0.1 us

Analog Analog Analog Analog
filter: filter: filter: filter:
35ns. 35ns. 35ns. 35ns.
Input Filter Spike Pulse Digital Digital Digital Digital
tsp 0 0 0 0 ns
Width Suppression filter: up filter: up filter: up filter: up to
to 15 to 15 to 15 15
12CCLK 12CCLK 12CCLK 12CCLK
period period period period

Guaranteed by design, not tested in production.
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Figure 4-15: 12C Bus AC Waveform and Measurement Circuit ®

VDD VDD
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ty(SDA) ke W(STA:STO)
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i ; tsu(sTO
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3. EHPAME R T SePre S, TR ER ST, FYLEE.

4.3.18 SPI/I2S Interface Characteristics

Unless otherwise specified, the SPI parameters listed in Table 4-40 and the 12S parameters listed in Table 4-41 are
measured at ambient temperature (25°C), fPCLKx frequency, and VDD supply voltage meeting the conditions in Table
4-4.

For details on the characteristics of input/output multiplexed function pins (NSS, SCLK, MOSI, MISO for SPI; WS,
CLK, SD for 12S), refer to Section 4.3.12 (IO Port Characteristics).

Table 4-40 SPI Characteristics®

Symbol Parameter Conditions Min Typ Max Unit
Master mode
fscx SPI clock frequency 2.3<VDD<3.6 V - - 80 MHz
SPIL, 2,3
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Master mode
2.7<VDD<3.6 V
SPI1, 2,3

nsing.com.sg

- 100

Master mode
2.3<VDD<3.6 V
SPI4, 5,6

Slave receive
2.3<VDD<3.6 V

- 100

Slave transmit mode/full

2.7<VDD<3.6 V

Slave transmit mode/full

2.3 <VDD<3.6 V

31

29

tsu(NSS)( D

NSS setup time

Slave mode

th(NsS) M

NSS hold time

Slave mode

tw(SCKH) M
tw(sCKL) M

SCK high and low
time

Master mode

Thpeik Tpeikt+2

tsu(MmI) M

tsu(sn M

Data input setup time

Master mode

Slave mode

thovn) O

th(sn O

Data input hold time

Master mode

Slave mode

taisoy (V@

Data output access
time

Slave mode

13 27

taissoy D A

Data output disable
time

Slave mode

tv(so) M

tv(mo) M

Data output valid time

Slave mode
2.7<VDD<3.6 V

ns
12.5 16

Slave mode
2.3<VDD<3.6 V

12.5 17

Master mode

tnsoy (D

thomo)y (D

Data output hold time

Slave mode
2.3<VDD<3.6 V

10

Master mode

Guaranteed by design, not tested in production.

Minimum value indicates the minimum time to drive the output, maximum value indicates the maximum time to correctly acquire

the data.

Minimum value indicates the minimum time to turn off the output, maximum value indicates the maximum time to place the data

line in high impedance state.
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Figure 4-16 SPI Timing Diagram - Slave Mode and CLKPHA=(
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tsu(st |I
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; i I//
MOSI input //////////M | MSBin E>< Bit6~1 1 >< LSBin XZHHH””HH
|
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i >

Figure 4-17 SPI Timing Diagram — Slave Mode and CLKPHA=1 ®
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[ . / \ |
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LSBin

oY U
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Guaranteed by design, not tested in production.
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Figure 4-18 SPI Timing Diagram — Master Mode

NSS input /// /

tescL)

|
It )
; W(SCLKL /

CLKPHA=0 : '
CLKPOL=0 |
| |
I ' |
CLKPHA=0 : !
CLKPOL~1 : | |
|
|
CLKPHA=1
CLKPOL=0 : |
| ! |
CLKPHA=I : : tiscLk)
CLKPOL=I | e
t I W(SCLKH) | | K )

I |
I |
> | :
|
wsoma I v+ X Zowornt X won X
——+— !
thovy | , :
| /4 |
MOSI output >< MSB out | >Q it 6~1 out | !r>< LSB out ><
!
> Ly
tyo) thovo)

Note: Measurement points are set at 0.5VDD, with external load capacitance (CL) of 30pF.
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Table 4-41 12S Characteristics @

Symbol Parameter Conditions Min Max Unit
fumerk IS master clock frequency Master mode 256x8K 256Fs®
fork 1S clock £ Master mode (32bit) - 64Fs® MHz
LtecLy clock Trequency Slave mode (32bit) - 64Fs®
DuCy(SCK) izyilzlave input clock duty 125 slave mode 30 70 %
Sy 1282 - 6
(1)
tyws) WS valid time Master mode 1S3 - 6
. 1282 2
(1) -
th(ws) WS hold time Master mode 1253 >
. 1282 7 -
. (1)
tu(ws) WS setup time Slave mode 123 7 .
. 1282 0 -
(1)
thews) WS hold time Slave mode 1S3 0 -
twieLkm . . 312.5 -
tucirn)) CLK high and low time - 345 :
tousp_ MR )V Master receiver 1252 6 -
- . . 1283 6 -
Data input setup time
touesp_sr)) Slave receiver 1252 7 .
- 12S3 7 -
thesp_Mmr yD@ Master receiver 1252 0 -
. 1283 0
Data output hold time ) 1
(12 i _
th(SD_SR) Slave receiver 1253 1
L Slave transmitter (after ’S2 - 15
(1(2)
tv(sp_sT) Data output valid time cnable edge) S3 - G
. Slave transmitter (after ’S2 4 -
(1)
th(SD_ST) Data output hold time cnable edge) 33 2 -
s Master transmitter (after 1252 - 6
Qe
tv(SD_MT) Data output valid time enable edge) 1253 - 6
. Master transmitter (after 1252 0 -
(1)
th(sD_MT) Data output hold time enable edee) 1233 0 -
Notes:

1. Guaranteed by design, not tested in production.
2. Dependent on fPCLK.
3. Audio sampling frequency.
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Figure 4-19 12S Slave Mode Timing Diagram (Philips Protocol)

tecLk)

CLKPOL=0
| I | I I
| I | I I

I I

I

| | |
CLKPOL=1 —\—/—\—/—\—M
| | |

|
| twerkn) : twicLKL) | : . thews)
| ' | | T
WS input \ | |
| |
I I I : tysp sT 4 /’/ : thsp_sm)
tu(ws) l—> | V(SD_ST) L
' | / |
i / Last bit
i Last bit transmit® IMSB transmit / Bit n transmit .
SD transmit >< 1 | ot ! transmit
tsu(lsrLsR)I th(sD_SR) \
—rle—>
| | /
. . . . . . Last bit
SD receive >< Last bit receive® >< MSB receive / /Blt nreceive >< receivle

Notes:

1. Measurement points are set at 0.3VDD and 0.7VDD.

2. The least significant bit of the previous byte is transmitted/received. There is no transmission/reception of this least
significant bit before the first byte.

Figure 4-20 12S Master Mode Timing Diagram (Philips Protocol) ¥

| te(cLK) | trcLk) tycLK)

l l I I
CLKPOL=0

| I | I I

| I | I I

: I : I I
CLKPOL=1 |

: Luws) | twerkn) : tw(CLKL) : : : thews)
—\ | ' ! | )—

WS input \1\ | |

! ! | Y72

| | |tysp MT) 77 | thsp_sT)

| | i

i I ! /// ! Last bit
. . . . . . ast bi
SD transmit >< Last bit transmit® >< IMSB transmit >< Bit n transmit >< R
| transmit
. tsu(SDﬁSIﬁ% thsp MR)
I I /
. . . . . . Last bit

SD receive >< Last bit receive® >< MSB receive >< / /Blt n receive >< receive

Notes:
1. Measurement points are set at 0.3VDD and 0.7VDD.
2. The least significant bit of the previous byte is transmitted/received. There is no transmission/reception of this least
significant bit before the first byte.

4.3.19 xSPI Interface Characteristics
Table 4-42 xSPI Characteristics in SDR ModeV®

‘ Symbol ‘ Parameter ‘ Conditions Min ‘ Typ ‘ Max | Unit |
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2.3V <Vpp<3.6V, VOSO, i ) 9
Croap= 15 pF
Fecx)y | QSPI clock frequency 2.3V <Vpp<3.6V, VOS0, - - 90 MHz
Croap =20 pF
2.7V <Vpp<3.6V,VOSO0,
Croap= 20 pF ) 133 140
tw(CKH) QSPI ClO.Ck hlgh/lOW PRESCALER[70] —n t(CK)/2 - t(c]()/2+1
time, 0135
tw(CKL) even division > texy2—1 - tcx)/2
twexk | QSPI clzﬁehigh/low PRESCALER[7:0] = n (n/2)*tcxy/ (n+1) - (n/2)*tcxy/ (n+1)+1
bw(CKD) odd division =2:468 (0/2+1)*tcx/ (n+1)-1 - (M/2+1)*tco/(n+1)
ns
tsN) Input data setup time - 3 - -
th(IN) Input data hold time - 1.5 - -
tvou) Output data valid time - - 0.5 1
th(ouT) Output data hold time - 0 - -
Notes:
1. All values apply to both eight-line and four-line SPI modes.
2. Guaranteed by design, not tested in production.
Figure 4-21 xSPI Read/Write Timing in SDR Mode
|t”CK)| !A t(CK) LI IA b (K1 L:‘ tw (CKL) | t“(‘le
Lo | | I T e g
| | | | | |
1/ 1 I\ |
Clock I I I I | SS-
| | | ty (out) I | tn (OL'T)I | | | |
I | | — I L
| \
Data output <|i DO K ! DI X D2 ) SS
I | '
I I s (IN I h (IN
| | |t ) than) I
| |
Data input ( DO I DI D2 S—
p \ - |
I | 1
I |
I |
I |
Table 4-43 xSPI Characteristics in DTR Mode (non-DQS)(V®
Symbol Parameter Conditions Min Typ Max Unit
2.3V <VDD <3.6 V, VOSO, ) ) 90
CLOAD = 15 pF
Fex XSPI clock 23V <VDD<3.6V, VOSO, ) ) o7 MHz
frequency CLOAD = 20 pF
2.7V <VDD<3.6V, VOSQ, ] ] 1o
CLOAD = 20 pF
tw(CKH) TBD tcky/2 - tck)y/2+1 ns
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QSPI clock
tw(CKL) high/low time, texy2—1 - tck)/2
even division
tw(CKH) QSPI clock (n/2)*tcxy/ (nt1) - (n/2)*tcxy/ (nt+1)+1
high/low time, TBD
tw(CKL) odd division (n/2+1)*tcky/ (nt+1)-1 - (n/2+1)*tcky/(nt+1)
tse(IN) Input data setup i 30 i i
tsraN) time ’
thr(IN) Input data hold
. - 1.50 - -
thf(IN) time
TBD - 6 7
tvr(ouT) Output data valid
tviouT) time TBD - tpelk/4+ 1 tpeik/4+1.25
TBD 4.5 - -
thr(OUT) Output data valid TBD
thf(OUT) time tpeli/4 _ _

Notes:
3. All values apply to both eight-line and four-line SPI modes.
4.  Guaranteed by design, not tested in production.

Figure 4-22 xSPI Timing in DTR Mode

tiewk) tew) twicLkr tucwky) e
I ks
Clock _/_\_/ ; _____/ A
P itiiouny  thioumn troun  thioun Pl
— e —H —H
Data output po{ § b1} f D2 D3 D4 | D5 }—o
' srny trdangy tsrgmy theong
Data input {
inpu { pbo X o1 Y b2 ) b3 )i o4 ) D5 }—o
Table 4-44 xSPI Characteristics in DTR Mode (with DQS)/Eight-line and Hyperbus Protocol
Symbol Parameter Conditions Min Typ Max Unit
2,7V<Vpp<3.6V, ) ) 100
VOSO0, Croap = 20 pF
Fex@0) xSPI clock MHz
frequency
2.3V <Vpp<3.6V, ) ) 100
VOSO0, Croap = 20 pF
tw(CKH) QSPI clock tcxy/2 - ticky/2+1
high/low time, TBD ns
tw(CKL) even division tcky2—1 - ticky/2
tw(CKH) TBD (n/2)*tcky/ (n+1) - (n/2)*tcxy/ (nt+1)+1 ns
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QSPI clock
tw(CKL) high/low time, (n/2+1)*tcky/ (nt+1)-1 - (n/2+1)*tcky/(nt+1)
odd division
tv(CK) Clock valid time - - - tcxytl
th(CK) Clock hold time - tck)/2 - -
CKTrising edge,
Vobr(ck) . CK and vDD =23V 922 - 1229
ck crossing level mv
CK falling edge,
Vobick) CK and ck crossing VDD=23 V 1000 - 1277
level
Chip select high %
tw(CS) level time ) 3% tewy ) )
tv(DQ) Input datavalid data - 0 - -
Input
t(Ds) datastrobevalid data ) 0 ) )
Input
th(DS) datastrobehold time ) 0 ) )
Output data
WRWDQ) strobevalid data ) ) ) 3 x te)
trQ) Input data setup Rising edge 0 ) )
tsf(DQ) time Falling edge 0 - -
thr(DQ) Rising edge 1 - -
Input data hold time
thf(DQ) Falling edge 1 - - s
TBD - 6 7
furOUT Output data Rising TBD
e edgevalid data - a4 1 fpedd1.25
TBD - 5.5 6
Output data Falling TBD
buoun edgevalid data i b4t /440,75
TBD 45 R R
Output data Rising TBD
thr(OUT) edgehold time tocik/4 - -
TBD 4.5 - -
Output data Falling TBD
thftou) edgehold time tpolk/4 - -
Notes:

1. Guaranteed by design, not tested in production.
2. The maximum deviation for the maximum frequency values given from RWDS to DQ is +/-1.0ns
3. To achieve this frequency, the corresponding register must be activated.
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Figure 4-23 xSPI Hyperbus Clock Timing Diagram4-4 xSPI Hyperbus
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Figure 4-24 xSPI Hyperbus Clock Read Timing Diagram4-5 xSPI Hyperbus
|
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Figure 4-25 xSPI Hyperbus Clock Write Timing Diagram4-6 xSPI Hyperbus
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4.3.20 FEMC Characteristics

e  Asynchronous Waveforms and Timing
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Figures 4-26 to 4-29 show the asynchronous waveforms, and Tables 4-45 to 4-48 provide the corresponding timing

parameters.
Figure 4-26 Asynchronous Non-Multiplexed Bus SRAM/PSRAM/NOR Read Operation Waveform
he tw(NE) =:
I
FEMC NE <SSS>I |/‘7777Z7
| R ol
!<—tv(NOE NE) =:: tw(NOE) i thove_NoE)
1
FEMC_NOE | |
I I I
| I I
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I 1
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| = I‘—th(DaLaiNF/)

< tsu(Data NOEJ P>t} paa NOE)
o !

Lsu(Data_NE)

Data

FEMC_D[31:0]

7777

AT

Table 4-45 Asynchronous Non-Multiplexed Bus SRAM/PSRAM/NOR Read Operation Timing (1)(2)

Symbol Parameter Min® Max® Unit
tw(NE) FEMC NE low time TBD TBD ns
t(NOE NE) FEMC_Nex low to FEMC_NOElow TBD TBD ns
tw(NOE) FEMC_NOE low time TBD TBD ns
th(NE NOE) FEMC_NOE high to FEMC_NE high hold time TBD TBD ns
to(a NE) FEMC_Nex low to FEMC_A valid TBD TBD ns
th(A_NOE) Address hold time after FEMC _NOE high TBD TBD ns
t(BL_NE) FEMC_NEx low to FEMC_NBL valid TBD TBD s
th(BL NOE) FEMC_NBL hold time after FEMC_NOE high TBD TBD ns
Lsu(Data_NE) Data setup time to FEMC NEXx high TBD TBD ns
tsu(Data_NOE) Data setup time to FEMC_NOEX high TBD TBD ns
th(Data NOE) Data hold time after FEMC_NOE high TBD TBD ns
th(Data. NE) Data hold time after FEMC_NEx high TBD TBD ns

Notes:

1. 10 drive strength = 8 mA, capacitive load = 30 pF
2. Measurement point set at CMOS level: 0.5 VDD
3. tHCLK >1/240 MHz
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Figure 4-27 Asynchronous Non-Multiplexed Bus SRAM/PSRAM/NOR Write Operation Waveform
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Table 4-46 Asynchronous Non-Multiplexed Bus SRAM/PSRAM/NOR Write Operation Timing (V®

Symbol Parameter Min® Max® Unit
twNE) FEMC_NE low time TBD TBD s
t,(NWE_NE) FEMC_NEx low to FEMC_NWE low TBD TBD ns
tuNWE) FEMC_NWE low time TBD TBD ns
thNE NWE) Hold time from FEMC_NWE high to FEMC_NE high TBD TBD ns
to(a NE) FEMC_NEx low to FEMC_A valid TBD TBD ns
th(A NWE) Address hold time after FEMC NWE high TBD TBD ns
t(BL NE) FEMC_NEx low to FEMC NBL valid TBD TBD ns
th(BL, NWE) FEMC NBL hold time after FEMC_NWE high TBD TBD ns
ty(Data NE) FEMC_NEx low to data valid TBD TBD ns
th(Data NWE) Data hold time after FEMC_NWE high TBD TBD ns

Notes:

1. 10 drive strength = 8 mA, capacitive load = 30 pF
2. Measurement point set at CMOS level: 0.5 VDD
3. tHCLK=>1/240 MHz
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Figure 4 7 Asynchronous bus multiplexing PSRAM/NOR read operation waveform
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Table 4-7 Asynchronous Bus-Multiplexed PSRAM/NOR Read Operation Timing (V®

Symbol Parameter Min® Max® Unit
tove) FEMC_NE Low Time TBD TBD ns
tv(NOEﬁNE) FEMC_NEX Low to FEMC_NOE Low TBD TBD ns
tw(NOE) FEMC_NOE Low Time TBD TBD ns

. . . TBD TBD
th(NE_NOE) Hold Time from FEMC_NOE High to FEMC_NE High ns
TBD
ty(A NE) FEMC_NEx Low to FEMC_A Valid TBD ns
t(NADY NE) FEMC_NEx Low to FEMC_NADV Low TBD TBD ns
tw(NADV) FEMC_NADV Low Time TBD TBD ns
. . TBD TBD
th(AD_NADV) Hold Time of FEMC_AD (Address) after FEMC_NADV High ns
. . TBD TBD
th(a_NOE) Address Hold Time after FEMC NOE High ns
th(BL NOE) FEMC_NBL Hold Time after FEMC_NOE High TBD TBD ns
t(BL NE) FEMC_NEx Low to FEMC_NBL Valid TBD TBD ns
tsu(Data NE) Data Setup Time before FEMC_NEx High TBD TBD ns
tsu(Data_NOE) Data Setup Time before FEMC NOE High TBD TBD ns
th(Data NE) Data Hold Time after FEMC_NEx High TBD TBD ns
. . TBD TBD
th(Data_NOE) Data Hold Time after FEMC NOE High ns
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Notes:

1. 10 drive strength: 8mA, Capacitive load = 30 pF
2. Measurement point set at CMOS level: 0.5 x VDD
3. tHCLK > 1/240MHz

Figure 4-8 Asynchronous Bus-Multiplexed PSRAM/NOR Write Operation Waveform
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Table 4-47 Asynchronous Bus-Multiplexed PSRAM/NOR Read Operation Timing (V®

Symbol Parameter Min® Max® Unit
tw(NE) FEMC_NE low time TBD TBD ns
t,(NWE_NE) FEMC_NEx low to FEMC_NOE low TBD TBD ns

, TBD TBD
twNwE) FEMC NOE low time ns
th(NE_NWE) Hold time from FEMC_NOE high to FEMC_NE high TBD TBD ns
ty(a NE) FEMC_NEx low to FEMC_A valid TBD TBD ns
t.(NADV NE) Hold time of FEMC_AD (address) valid after FEMC_NADV high TBD TBD ns
. . TBD TBD
tuNaDV) Address hold time after FEMC NOE high ns
th(AD NADV) FEMC_NBL hold time after FEMC_NOE high TBD TBD ns
, TBD TBD
th(a_NWE) FEMC NEx low to FEMC NBL valid ns
ty(BL_NE) Data setup time to FEMC_NEXx high TBD TBD ns
th(BL_NWE) Data setup time to FEMC_NOE high TBD TBD ns
tv(DataﬁNADV) Data hold time after FEMC_NEX hlgh TBD TBD ns
th(DataﬁNWE) Data hold time after FEMC_NOE hlgh TBD TBD ns
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Notes:

1. 1O drive strength = 8 mA, capacitive load = 30 pF’
2. Measurement point set at CMOS level: 0.5 VDD

3. tHCLK>1/240 MHz

e Synchronous Waveforms and Timing

nsing.com.sg

Figure 4-30 Synchronous Non-Bus-Multiplexed NOR/PSRAM Read Timing
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Table 4-49 Synchronous Non-Bus-Multiplexed NOR/PSRAM Read Timing®®

nsing.com.sg

Symbol Parameter Min Max Unit
tw(CLK) FEMC_CLK period 9.8 - ns
td(CLKL-NExL) FEMC_CLK low to FEMC_NEx low (x =1...4) - 2.0 ns
td(CLKL-NExH) FEMC_CLK low to FEMC_NEx high (x=1...4) 2.0 ns
td(CLKL-NADVL) FEMC_CLK low to FEMC_NADV low - 2.0 ns
td(CLKL-NADVH) FEMC_CLK low to FEMC_NADV high 2.0 ns
td(CLKL-AV) FEMC_CLK low to FEMC_Ax valid (x =0...25) - 3.0 ns
td(CLKL-AIV) FEMC_CLK low to FEMC_Ax invalid (x =0...25) 2.0 ns
t4(CLKL-NOEL) FEMC_CLK low to FEMC_NOE low - 2.0 ns
td(CLKL-NOEH) FEMC_CLK low to FEMC_NOE high 2.0 - ns
tou(DV-CLKH) Data valid (FEMC _D[31:0]) setup time before FEMC CLK high 2.6 - ns
th(CLKH-DV) Data valid (FEMC_D[31:0]) hold time after FEMC_CLK high 0.3 - ns
tsu(NWAITV-CLKH) FEMC_NWAIT valid setup time before FEMC_CLK high 2.6 - ns
th(CLKH-NWAITV) FEMC_ NWAIT valid hold time after FEMC_CLK high 0.3 - ns

Notes:

1. 10 drive strength: 8mA, Capacitive load = 30pF
2. Measurement point set at CMOS level: 0.5VDD
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Figure 4-31 Synchronous Non-Multiplexed PSRAM Write Timing
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Table 4-50 Synchronous Non-Multiplexed PSRAM Write Timing ("

Symbol Parameter Min Max Unit
tw(cLK) FEMC CLK period 9.8 - ns
L4(CLKL-NExL) FEMC_CLK low to FEMC NEx low (x=1...4) - 2.0 ns
td(CLKL-NExH) FEMC CLK low to FEMC NEx high (x=1...4) 2.0 - ns
td(CLKL-NADVL) FEMC CLK low to FEMC NADV low - 2.0 ns
td(CLKL-NADVH) FEMC_CLK low to FEMC_NADV high 2.0 - ns
td(CLKL-AV) FEMC_CLK low to FEMC_Ax valid (x=0...25) - 3.0 ns
td(CLKH-ATV) FEMC_CLK high to FEMC_Ax invalid (x =0...25) 2.0 - ns
td(CLKL-NWEL) FEMC_CLK low to FEMC_NWE low - 2.0 ns
t(CLKHNWER) FEMC_CLK high to FEMC_NWE high 2.0 - ns
td(CLKL-Data) FEMC_CLK low to FEMC DJ[31:0] valid data - 3.0 ns
tu(NWAITV-CLKH) FEMC_NWAIT valid setup time before FEMC_CLK high 2.6 - ns
th(CLKH-NWAITV) FEMC NWAIT valid hold time after FEMC_CLK high 0.3 - ns

1. 10 drive strength: 8mA, Capacitive load = 30pF
2. Measurement point set at CMOS level: 0.5VDD
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Figure 4-32 Synchronous Bus-Multiplexed NOR/PSRAM Read Timing
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Table 4-51 Synchronous Bus-Multiplexed NOR/PSRAM Read Timing (V®
Symbol Parameter Min® Max Unit
tw(cLK) FEMC CLK period 9.8 - ns
td(CLKL-NExL) FEMC_CLK low to FEMC_NEX low (X =1.. 4) - 2.0 ns
t4(CLKLNEXH) FEMC CLK low to FEMC_NEx high (x = 1...4) 2.0 - ns
td(CLKL-NADVL) FEMC_CLK low to FEMC_NADV low - 2.0 ns
t4(CLKLNADVE) FEMC CLK low to FEMC_NADYV high 2.0 - ns
td(CLKL-NOEL) FEMC_CLK low to FEMC_NOE low - 2.0 ns
t4(CLKLNOEH) FEMC_CLK low to FEMC_NOE high 2.0 - ns
td(CLKL-ADV) FEMC_CLK low to FEMC_AD[3 1 .0] valid - 3.0 ns
td(CLKL-ADIV) FEMC_ CLK low to FEMC ADI[31:0] invalid 2.0 - ns
tou(ADV-CLKH) FEMC_AD[31:0] valid data setup time before FEMC_CLK high 2.6 - ns
th(CLKH-ADV) FEMC_ADJ[31:0] valid data hold time after FEMC CLK high 0.3 - ns
tou(NWAITV-CLKH) FEMC_NWAIT valid setup time before FEMC_CLK high 2.6 - ns
th(CLKHNWAITY) FEMC_NWAIT valid hold time after FEMC_CLK high 0.3 - ns

1. IO drive strength: 8mA, Capacitive load = 30pF

2. Measurement point set at CMOS level: 0.5VDD
tHCLK > 1/300MHz
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Figure 4-33 Synchronous Bus-Multiplexed PSRAM Write Timing
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Table 4-52 Synchronous Multiplexed PSRAM Write Timing (V®
Symbol Parameter Min® Max Unit
tw(cLK) FEMC_CLK cycle 9.8 - Ins
{4(CLKL-NEXL) FEMC_CLK low to FEMC NEx low (x = 1...4) - 2.0 s
fU(CLKLNEXH) FEMC_CLK low to FEMC_NEx high (x=1...4) 2.0 - s
{4(CLKL-NADVL) FEMC_CLK low to FEMC_NADV low - 2.0 Ins
{4(CLKL-NADVED FEMC_CLK low to FEMC_NADV high 2.0 ] s
td(CLKL-NWEL) FEMC_CLK low to FEMC NWE low - 2.0 Ins
Ld(CLKL-NWEH) FEMC_CLK low to FEMC_NWE high 2.0 - Ins
tacLKL-ADV) FEMC_CLK low to FEMC_ADI[31:0] valid - 3.0 Ins
td(CLKL-ADIV) FEMC CLK low to FEMC ADI[31:0] invalid 2.0 - Ins
td(CLKL-Data) FEMC CLK low then FEMC AD[31:0] valid - 3.0 ns
Lu(NWAITV-CLKH) FEMC_CLK high before FEMC_NWAIT valid 2.6 - Ins
th(CLKH-NWAITV) FEMC_CLK high after FEMC NWAIT valid 0.3 - Ins

Notes:

1. 10 drive capability 8mA, Capacitive load = 30 pF
2. Measurement points at CMOS level: 0.5VDD
3. tHCLK > 1/300MHz
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e NAND Controller Waveforms and Timing
Figures 4-34 to 4-35 show the waveforms for NAND operations.

Figure 4-34 NAND Controller Read Operation Waveform
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Figure 4-35 NAND Controller Write Operation Waveform
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Table 4-53 NAND Flash Read Cycle Timing Characteristics ¥

Symbol Parameter Min Max Unit
‘ TBD TBD
tw(NOE) FEMC NOE low time ns
tsu(D-NOE) Data valid before FEMC_NOE goes high TBD TBD ns
. . TBD TBD
th(NOE-D) Data valid after FEMC_NOE goes high ns
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td(ALE-NOE) ALE valid before FEMCﬁNOE £goes low TBD TBD ns

T . TBD TBD
th(NOE-ALE) ALE invalid after FEMC_NOE goes high ns

Note: Guaranteed by design, not tested in production.

Figure 4-36 NAND Controller Read Operation Waveform
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Figure 4-37 NAND Controller Write Operation Waveform
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Table 4-54 NAND Flash Read Cycle Timing Characteristics V

Symbol Parameter Min Max Unit
tw(NOE) FEMC NOE low time TBD TBD
tsu(D-NOE) Data valid before FEMC NOE goes high TBD TBD
th(NOE-D) Data valid before FEMC NOE goes high TBD TBD
td(ALE-NOE) TBD TBD
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ALE valid before FEMC NOE goes low
th(NOE-ALE) ALE invalid after FEMC NOE goes high TBD TBD

Note: Guaranteed by design, not tested in production.

Figure 4-38 NAND Controller Read Operation Waveform
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Figure 4-39 NAND Controller Write Operation Waveform
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Table 4-55 NAND Flash Read Cycle Timing Characteristics

Symbol Parameter Min Max Unit
tw(NOE) FEMC_NOE low time TBD TBD ns
tou(D-NOE) Data valid before FEMC_NOE goes high TBD TBD ns
th(NOE-D) Data valid after FEMC_NOE goes high TBD TBD ns
td(ALE-NOE) ALE valid before FEMC_NOE goes low TBD TBD ns
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| tinorate) | ALE invalid after FEMC_NOE goes high TBD [ TBD [ us |

Note: Guaranteed by design, not tested in production.

Table 4-56 NAND Flash Read/Write Cycle Timing Characteristics (V

Symbol Parameter Min Max Unit
td(D-NWE) Data valid before FEMC_NWE goes high TBD TBD ns
tw(NOE) FEMC_NOE low time TBD TBD ns
tou(D-NOE) Data valid before FEMC_NOE goes high TBD TBD ns
th(NOE-D) Data valid after FEMC_NOE goes high TBD TBD ns
tw(NWE) FEMC_NWE low time TBD TBD ns
ty(NWE-D) Data valid after FEMC_NWE goes low TBD TBD ns
th(NWE-D) Data invalid after FEMC_NWE goes high TBD TBD ns

, TBD TBD
{d(ALE-NWE) ALE valid before FEMC _NWE goes low ns
th(NWE-ALE) ALE invalid after FEMC NWE goes high TBD TBD ns
td(ALE-NOE) ALE valid before FEMC NOE goes low TBD TBD ns
L . TBD TBD
th(NOE-ALE) ALE invalid after FEMC_NOE goes high ns

Note: Guaranteed by design, not tested in production.

4.3.21 USB_HS DualRole Characteristics

Table 4-57 USBHS DC Electrical Characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vop (D USB Operating Voltage - 3 - 3.6 \Y%
LS/FS FUNCTIONALITY
Differential Input Sensitivity
Vbirs - 0.2 - -
(FS/LS)
Differential Common-Mode m
Vewmrs ALFE Vo il 0.8 - 2.5
Input Range (FS/LS)
Voltage Single-Ended Receive Low
VILSE - - - 0.8
Voltage (FS/LS) v
Single-Ended Receive High
VIHSE - 2.0 - -
Voltage (FS/LS)
o VoLFs Static Output Low Level (FS/LS) Rrof 1.5kQ to 3.6V - - 0.3
utput
Static Output High Level
Voltage" VoHFs Riof 15 kQ to Vss 2.8 3.3 3.6
(FS/LS)
Rep() USBHS DM/DP ViN= Vbp - 15 - .
Reu) USBHS DM/DP VIN= Vss - 1.5 -
ZnsprvH Drive Output Impedance Steady state drive - 45 - Q
HS FUNCTIONALITY
Input Differential Input Sensitivity
DIHS - 0.1 - - \Y
Voltage (HS)
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Differential Common-Mode
Vems - -50 - 500
Range (HS)
VHssQ HS Squelch Detection Threshold - 100 - 150
VHsDsC HS Disconnect Threshold - 525 - 625 mv
High-Speed Low-Level Output
Output VoLus 45Q load -10 - 10
utpu Voltage
Voltage ¥
Vonns High-Speed High-Level Output Volt4g€? load 360 400 440
Note: Guaranteed by design, not tested in production.
Table 4-58 USBHS Dynamic Characteristics (V
Symbol Parameter Conditions Min Typ Max Unit

Trr Rise Time (FS/LS) CL=50pF 4 - 20 ns
Thsr Differential Rise Time (HS) - 500 - - ps
Trr Fall Time (FS/LS) CL=50pF 4 - 20 ns
THsF Differential Fall Time (HS) - 500 - - ps

Output Single Crossing Voltage
VCRS P s £ £ - 1.3 - 2 \"

(FS/LS)

Note: Guaranteed by design, not tested in production

4.3.22 Controller Area Network (CAN) Electrical Characteristics

For detailed characteristics of the input/output multiplexed pins (CAN_TX and CAN_RX), refer to section 4.3.12.
4.3.23 Secure Digital Multimedia Card (SDMMC) Characteristics

Unless otherwise specified, the parameters in Table 4-59 are measured under the environmental temperature, fHCLK

frequency, and VDDA supply voltage conditions defined in Table 4-4.

Table 4-59 SD/MMC Characteristics, VDD = 2.7V to 3.6V O®

Symbol Parameter Conditions Min Typ Max Unit
O B - e [
tw(ckL) Clock low time 8.6 9.6 B ns
fp=50MHz -
tw(CKH) Clock high time 8.6 9.6 ns
CMD, D input in MMC Legacy/SDR/DDR and SD HS/SDR/DDR modes (referenced to CK)
tisu Input setup time HS 2.87 B - ns
tH Input hold time HS frr > 50 MHz 1.3 - } ns
tipw® v TBD B - ns
CMD, D output in MMC Legacy/SDR/DDR and SD HS/SDR/DDR modes (referenced to CK)
tov Output valid dataHS frp > 50 MHz - ) 2.74 ns
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toH Output hold timeHS 3.0 ) - ns
CMD, D input in SD default mode (referenced to CK)
tisup Input setup time SD 2.87 B B ns
fpp=25MHZ
tiHD Input hold time SD 1.3 B B ns
CMD, D
output in
SD
CMD, D output in SD default mode (reference CK) default
mode
(reference
CK)
tovp Output valid default time ) ) 274 ns
SD fpp=25MHz
toHD Output hold default time SD 3.0 - - ns
1. Guaranteed by design, not tested in production.
2. CL=20pF.
3. In tuning mode, minimum time window where data must remain stable for correct sampling.
eMMC Characteristics, VDD=1.71 to 1.9V ®
Symbol Parameter Conditions Min Typ Max Unit
£ Clock frequency in data transfer ) TBD TBD TBD MLz
P mode
tw(ckn Clock low time TBD TBD TBD ns
fppZSOMHZ
tw(CKH) Clock high time TBD TBD TBD ns
CMD, D input in eMM mode (referenced to CK)
tisu Input setup time HS HS TBD TBD TBD ns
t Input hold time HS fop > 50 MHz TBD TBD TBD s
Input valid window (variable TBD TBD TBD
tow® ; ns
window)
CMD, D output in eMMC mode (reference CK)
tov Output valid dataHS TBD TBD TBD ns
frp > 50 MHz
ton Output hold timeHS TBD TBD TBD ns

1. Guaranteed by design, not tested in production.
2. CL=20pF.

3. In tuning mode, minimum time window where data must remain stable for correct sampling.
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Figure 4-40 SD High-Speed Mode
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- toick)y >
o tweknmy 0 tweky
B e Y
tov ton
D, CMD output X X
< tisu ty
D, CMD input X X
Figure 4-41 SDMMC DDR Mode
CK
tov ton
<_
D, CMD output X
Figure 4-42 SDMMC DDR Mode
D input valid data valid data
tisu ti tisu ti
P tw(ckn)
CK A/ \ /
‘ twickr) _
tov tov
ton ton
D output valid data valid data
4.3.24 Ethernet Interface Characteristics
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Unless otherwise specified, parameters in Tables 4-61, 4-62, 4-63, and [Error! Reference source not found.] are
measured under the environmental temperature (25°C), fHCLK frequency, and VDD supply voltage defined in Table
4-4.

Table 4-61 MDIO/SMA Timing

Symbol Parameter Min Typ Max Unit
tMDC MDC period time (2.5 MHz) - 2.5 - MHz
td(MDIO) Valid write data delay - - 5 ns
tsu(MDIO) Read data setup time 17 - - ns
th(MDIO) Read data hold time 0 i i ns

Figure 4-43 MDIO/SMA Timing Diagram

|« tMbDC >
ETH MDC / \
tayMDIO)
ETH MDIO(O) X r
tsu(MDIO) th(MDIO)
ETH MDIO(])

Table 4-62 RMII Timing

Symbol Parameter Min Typ Max Unit
tsu(RXD) Receive data setup time 2 - - ns
Li(RXD) Receive data hold time 1.6 i ) ns
tsu(CRS_DV) Carrier sense/data valid setup time 2 i ) ns
tincrs Dv) | Carrier sense/data valid hold time 1.6 - - ns
td(TXEN) Transmit enable valid delay time - - 9.3 ns
td(TXD) Transmit data valid delay time - - 9.3 ns
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Figure 4-44 RMII Timing Diagram
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RMII_REF_CLK

/ \

/ \

ta(TXEN)

ty(TXxD)

RMII TX EN
RMII_TXDI[1:0]

tsu(RXD
tsu(crs DV)

tinRxD)
tin(crs_DV)

RMII_RXD[1:0]
RMII CRS DV

Table 4 63 lists the Ethernet MAC timing of MII and Figure 4 45 shows the corresponding timing diagram.

Table 4-63 MII Timing

Symbol Parameter Min Typ Max Unit
tsu(RXD) Receive data setup time 2.5 - - ns
tih(RXD) Receive data hold time 0.5 - - ns
tsudv) Data valid setup time 2.5 i - ns
tinov) Data valid hold time 0.5 i - ns
tsu(ER) Error setup time 2.5 - - ns
tih(ER) Error hold time 0.5 - - ns
td(TXEN) Transmit enable valid delay time - - 12.0 ns
ta(rxp) Transmit data valid delay time i i 12.0 ns

Figure 4-45 MII Timing Diagram

GMII_RX_CLK

tsu(RXD)
tsu(ER)
GMIIL RXD[7:0] Lsu@v)

tin(ER)
tih(Dv)

GMII_RX_DV

GMII_RX_ER

GTX_CLK

t4(TXEN)
tyTxD)

GMII_TX EN
GMII_TXD[7:0]

4.3.25 Digital Video Port (DVP) Interface
Table 4-64 shows the characteristics of the DVP interface signals, and Figure 4-46 illustrates the related timing.
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Figure 4-46 DVP Interface Timing Diagram
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Table 4-64 DVP Signal Dynamic Characteristics

Symbol Parameter Conditions Min Max Unit
PCLK Pixel clock input - - 110 MHz
Dpixel Pixel clock input duty cycle - 30 70 -

tsu(DATA) Data input setup time - 3 -

th(DATA) Data input hold time - 1 -

tsu(HSYNC), . . -
HSYNC/VSYNC input setup time - 3 ns
tsu(VSYNC)

th(HSYNC), ) . )

HSYNC/VSYNC input hold time - 1
th(vSYNC)
145/ 160

NSING Technologies Pte. Ltd.

Address: 20 Science Park, #03-15/16
Teleteck Park, East Wing, Singapore 117674
Email: sales@nsing com sg



NSING

4.3.26 Digital Filter Unit Based on X-A Modulator (DSMU) Characteristics

Unless otherwise specified, the Parameters in Table 4-65 are measured under the environmental conditions (ambient

nsing.com.sg

temperature 25 °C, fHCLK frequency, and VDD supply voltage) conforming to Table 4-4. Additional test conditions

are as follows:

e Port switching speed configuration: DSy[1:0] = 2b10, SRy = 1b0

e Load capacitance CL = 30 pF

e Reference CMOS level standards, I/O measurement point at 0.5 VDD
For more details on the characteristics of ports (DSMU_CKINx, DSMU _DATINx, DSMU_CKOUT), please refer to

the I/O Port Characteristics section 4.3.12.

Table 4-65 DSMU Timing Parameters

Symbol Parameter Conditions Min Typ Max Unit
£ TBD TBD TBD
DSMIU DSMU clock 2.3V <VDD <3.63V
(1/Tpsmu)
. TBD TBD TBD
2.3V < VDD <3.63V, SPI interface (SITP[1:0] =0,1),
external clock mode (SPICLKSEL[1:0] = 0)
. TBD TBD TBD
2.3V < VDD < 3.63V, SPI interface (SITP[1:0] = 0,1),
fekiN Input clock external clock mode (SPICLKSEL[1:0]=0) MHz
(1/Tex) frequency 2.3V < VDD < 3.63V, SPI interface (SITP[1:0] = 0,1), | 1BD TBD TBD
internal clock mode (SPICLKSEL[1:0] # 0)
2.3V < VDD < 3.63V, SPI interface (SITP[1:0] =0,1), | 1BD TBD TBD
internal clock mode (SPICLKSEL[1:0] # 0)
fekout O;ltput clock 23V < VDD < 3.63V TBD TBD TBD
requency
TBD TBD TBD TBD
Dutyckout Output clock 2.3V <VDD o
duty cycle <3.63V
TBD TBD TBD TBD
Input clock .
twh(CKIN) . 2.3V <VDD < 3.63V, SPI interface (SITP[1:0] = 0,1),
twi(CKIN) h‘gh&‘;z}f’““e external clock mode (SPICLKSEL[1:0] = 0) TBD TBD TBD
Input data setup | 2.3V < VDD <3.63V, SPI interface (SITP[1:0] =0,1),
s time external clock mode (SPICLKSEL[1:0] = 0) TBD TBD TBD
Input data hold | 2.3V < VDD < 3.63V, SPI interface (SITP[1:0] = 0,1), ns
th time external clock mode (SPICLKSEL[1:0] = 0) TBD TBD TBD
Manchester data
period (self- 2.3V < VDD < 3.63V, Manchester interface (SITP[1:0]
Tasancheste recovery clock =2,3), internal clock mode (SPICLKSEL[1:0] # 0) TBD TBD TBD
period)
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Figure 4-47 DSMU Channel Transceiver Timing Diagram
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4.3.27 12-bit Analog-to-Digital Converter (ADC) Electrical Characteristics

Unless otherwise specified, the parameters in Table 4-66 are measured under the environmental conditions (ambient

temperature 25 °C), fHCLK frequency, and VDDA supply voltage specified in Table 4-4.

Note: It is recommended to perform a calibration each time after power-up.

Table 4-66 ADC Characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vbpa Supply voltage - 23 - 3.6 \Y
VREF+ Positive reference voltage - 23 - Vbpa v

fabc ADCclock frequency - - - 20 MHz
f Sampling rate ) i i 5 Misps
(O]
. 0(VSSA or
Conversion voltage )
Vam - VREEF- tied to - VREF+ v
range @
ground)
Sample switch 2.4~33V - 250
Rapc . ohm
resistance 2.3~2.4V - 350
Internal sample and
Capc . - - 1.5 - pF
hold capacitor
Singal noise
SNDR ) ) ) - - TBD - dBFS
distortion ration
Teal Calibration time - 74 1/fanc
ts . 0 MH 0.05 - 7 us
ino ti ADC = z
Ts Sampling time ] . . Ufhoc
tsTAB Power-up time - 0 0 20 us
Total conversion . ]
) ) ) 4~400 (sampling tS + successive
tconv® | time (including - o 1/fanc
.. approximation 3)
sampling time)
Notes:

1. Guaranteed by design, not tested in production.
2. Depending on the package, VREF+ may be internally connected to VDDA, and VREF- may be internally connected to

VSSA.

3. The relationship between maximum input impedance Rin and sampling time is detailed in Table 4-67.

Table 4-67 ADC Sampling Time V@

Minimum Sampling Time
Resolution Rin (kQ)
(ns)
0 50
0.45 100
12-bit

0.7 150
0.95 200
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1.95 400
2.95 600
3.95 800
4.95 1000
9.95 2000
TBD TBD
TBD TBD
TBD TBD
TBD TBD
10-bit TBD TBD
TBD TBD
TBD TBD
TBD TBD
TBD TBD

Notes:
1. Guaranteed by design, not tested in production.
2. Test conditions: Vdda = 2.4V to 3.6V, Vddd = 0.9V, Tjunction = 125°C, fclk = 20 MHz.

Table 4-68 ADC Accuracy — Limited Test Conditions()®

Symbol Parameter Test Conditions Typ Max(s) Unit
ET® Total Error fHCLK =200 MHz, fADC = 20 MHz, TBD TBD
EOQ® Offset Error sample rate = 3Msps, VDDA =33V, TA= | TBD TBD LSB
ED Differential Non-Linearity Error 25°_C. Measurement is performed after ADC | TBD TBD
EL Integral Non-Linearity Error calibration. VREF+=2.5V TBD TBD
Notes:

1. ADC DC accuracy values are measured after internal calibration.

2. Relationship between ADC accuracy and reverse injection current: avoid injecting reverse currents on any standard
analog input pins, as it significantly degrades the conversion accuracy of other analog inputs. It is recommended to add
a Schottky diode (between the pin and ground) on any analog input pins that may have reverse injection currents.
Forward injection currents within the IINJ(PIN) range specified in Section 4.2 will not affect ADC accuracy.

4. Guaranteed by overall evaluation, not tested in production.

w
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Figure 4-48 ADC Accuracy Characteristics
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1 An example of an actual ADC
conversion curve
(2) Ideal conversion curve

3) The actual conversion endpoint
line

Synthesis error: the maximum
deviation between the actual
conversion curve and the ideal
conversion line

Er

Offset error: The difference between
the first transition on the actual
transition curve and the first transition
on the ideal transition curve

Gain error: the difference between the
last transition on the actual conversion
curve and the last transition on the ideal
conversion curve

Ec

Differential linear error: the
difference between the actual step on
the conversion curve and the ideal
step (1 LSB)

ED

Integral linear error: the maximum

! 2 3 4 : 6 ! 4093 4094 4095 4096 EL deviation between the actual
Vssa VbbA conversion curve and the terminal line
Figure 4-49 Typical Connection Diagram Using ADC
VbD
A%
0.6V Sample and hold ADC
converter
M )
RAN AINX Rapc
_ I_‘ T . 12 bit
J_ L H converte
Cparasitic
VT IL+luA 0
]: 0.6V T Canc
= Parasitic B - =
capacitance

Notes:

1. Forvalues of RAIN, RADC, and CADC, refer to Table 4-66.

2.

Cparasitic refers to the parasitic capacitance (approximately 7pF) on the PCB and solder pads (related to soldering

and PCB layout quality). A larger Cparasitic value will reduce conversion accuracy. The solution is to lower fADC.
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4.3.28 12-bit Digital-to-Analog Converter (DAC) Electrical Parameters

Unless otherwise specified, the parameters in Table 4-69 are measured under environmental conditions specified in

Table 4-4 (ambient temperature 25°C), fHCLK frequency, and VDDA supply voltage.

Table 4-69 DAC 1MSPS Characteristics

nsing.com.sg

Symbol Parameter Conditions Min Typ Max | Unit
Vbpa Analog supply voltage DAC output buffer off, output internal only | 2.3 - 3.6
VREF+ Positive reference voltage DAC output buffer off, output internal only | 2.3 - VDDA | V
VREF- Negative reference voltage - VSSA
DAC output Connected to VSSA 5 - -
R Load resistance when buffer is on kQ
Buffer on Connected to VDDA 25 - -
Ro Output impedance DAC output buffer off - 15 - kQ
CL Load capacitance - - - 50 pF
VREF+ -
Output buffer on 0.2 - 02 v
DAC_OUT
DAC_OUT output voltage
Max
Output buffr off TBD TBD TBD -
DAC DC consumption in idle - TBD TBD TBD LA
Ipp (standby mode) TBD TBD TBD A
(VDDD+VDDA+VREF+) ) H
Settling time (full range: 12-bit input DAC buffer on CL <50 pF,RL > 5 kQ - 3 4.1
{SETTLING code from min to max, DAC_OUT us
DAC buffer off - 2.1 2.6
reaches final value +1 LSB)
. DACbuffer on,CL < 50 pF, RL > 5 kQ - 6.5 10
Wake-up time from shutdown (DAC
tWAKEUP us
enabled to DAC_OUT reaches final DACbuffer on, CL < 10 pF i 21 5
value +1 LSB)
Power Supply Rejection Ratio
PSRR (relative to VDD33A) (static DC DACbuffer on, CL <50 pF, RL >5 kQ TBD TBD TBD dB
measurement)
Minimum time between two
consecutive writes to DACx_DATO
register to ensure correct CL <50 pF,RL >5kQ TBD - -
TW to W DAC OUT(1 LSB). us
- DACxy CTRL.EXOUT =1,
DACxy CTRL.BxEN =1
DACxy CTRL.EXOUT =1,
CL < 10 pF TBD - -
DACxy CTRL. BXEN = 0 &,
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DACxy CTRL.INOUT =1,
DACxy CTRL. BXEN =0
Middle code offset for 1 trim code
Voffset VREF+=3.6V - - 1500 uv
step
No load, input mid TBD
TBD TBD
0x800
Output buffer on
No load, input Max TBD
IppADAC) DAC consumption from VDDA TBD TBD LA
0xF1C
No load, input mod TBD
Output buufer off TBD TBD
0x800
No load, input mid TBD
TBD TBD
Output buffer on 0x800
IppbvDAC) DAC consumption from VREF+ No load TBD TBD TBD LA
No load, input mid TBD
Output buffer off TBD TBD
0x800
DNL Differential Non-Linearity) - - TBD TBD | TBD
TBD | TBD
INL Integral Non-Linearity - - TBD
Output buffer VREF+ =3.6V TBD TBD TBD
on,CL <50 TBD
Offset Offset error (measured at code 0x800) VREF+=1.8V TBD TBD LSB
pF,RL >5kQ
Output buffer off,CL <50 pF, no RL - TBD TBD
Gain error | Gain error - - TBD TBD | TBD

Note: Guaranteed by characterization, not tested in production.

4.3.29 Comparator (COMP) Characteristics

Unless otherwise specified, the parameters in Table 4-70 are measured under environmental conditions specified in

Table 4-4 (ambient temperature 25°C), fHCLK frequency, and VDDA supply voltage.

Table 4-70 Comparator Characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vbpa Analog supply voltage - 2.3 - 3.6 v
Vin Input voltage range - 0 - VDDA
DAC mid output, VREFP =
VREF 6bit DAC offset voltage - +5 +12 mV
3.3V
6bit DAC static consumption DAC mid output, VREFP =
IrReF - TBD TBD uA
from VREFP 3.3V
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DAC max output, VREFP =
- TBD uA
3.3V

Comparator start-up settling VDDA>=2.7 - - 5

TsTART ) us
time VDDA<2.7V - - 7
Propagation delay for 200 mV VDDA>=2.7 - 30 -

tp ns
step with 100 mV overdrive VDDA<2.7V - 20 -

VoFFsET Comparator input offset error Full common mode range - - +10 mV
No hysteresis - 0 -

Vi Low hysteresis - 20 - v

ys i m
Comparator hysteresis Medium hysteresis . 30 .
High hysteresis - 50 -
Static - 140 -
Comparator consumption from

Ippa With 50 kHz +£100 mV pA

VDDA - 150 -
overdrive square signal

Note: Guaranteed by design, not tested in production.

4.3.30 Voltage Reference Buffer (VREFBUF) Characteristics

Unless otherwise specified, the parameters in Table 4-71 are measured under environmental conditions specified in

Table 4-4 (ambient temperature 25°C), fHCLK frequency, and VDDA supply voltage.

Table 4-71 Voltage Reference Buffer Characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vbpa Analog supply voltage - 2.3 - 3.6
VS=00 & VDDA > 2.8V 2.494 2.498 2.51 v
VS=01 & VDDA >2.4V 2.022 2.024 2.034
VREFBUF_OUT Reference voltage output
VS=10 & VDDA >2.3V 1.801 1.802 1.811
VS=11 & VDDA >2.3V 1.496 1.497 1.505
TRIM Trim step resolution - - +0.05 +0.1 %
CL Load capacitance - 0.5 1 2 ng
REesr Equivalent Series Resistance - 0 0 2 Q
DC 37.54 49.72 TBD
PSRR Power Supply Rejection Ratio dB
100KHz 12.1 70.36 TBD
{START Start-up time CL =1 pF - 366.1 1080 us
VREFBUF consumption from
IDDA(VREEBUF) Iload <= 10 mA - 48 TBD HA
VDDA
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‘ IiNnrusH

phase

Max IDDA(VREFBUF) at startup

Iload =0
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7.42 ‘ 18.88 ‘ TBD ‘ mA ‘

Note: Guaranteed by design, not tested in production.

4.3.31 Temperature Sensor (TS) Characteristics

Unless otherwise specified, the parameters in Table 4-72 are measured under environmental conditions specified in

Table 4-4 (ambient temperature 25°C), fHCLK frequency, and VDDA supply voltage.

Table 4-72 Temperature Sensor Characteristics

Symbol Parameter Min Typ Max Unit
Linearity Vsense with respect to
T - +3 TBD °C
temperature
Avg_ Slope" Average slope TBD 3.4 TBD mV/°C
Vasth Voltage at 25°C - 1.37 - v
tstart() Start-up time 4 - 10 us
ADC sampling time when reading
TSilemp(z)G) 8.2 - 17.1 us
temperature
Notes:

1. Guaranteed by characterization, not tested in production.

2. Guaranteed by design, not tested in production.

3. The minimum sampling time can be determined by multiple loop cycles in the application.
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5 Package Size
5.1 TFBGA100 Package Size

Symbol Dimension in mm Dimension in inch
MIN_| NOM | MAX | MIN_| NOM | MAX
A 1008 | 1.000 | 1171 | 0.040 | 0042 | 0.046
A1 | 0250 | D300 | 0350 | 0.010 | 0.012 | 0.014
A2 | 0726 | 0780 | Des+ | oo2e | 0031 | 0034
y A3 | 0480 | 0.530 | D580 | 0.019 | 0.021 | 0.023
\ A5 | 0220 | D260 | D300 | 0009 | 0010 | 0012
K ~ E | 7000 [ 8000 | 2100 | 0.311 | 0315 [ 0318
= D | 7.800 | 8000 | 8100 | 0.311 | 0.315 | 0.318
|2 E1 — [ 7200 | — — oz | —
T T D1 — [7am [ — — |oze| —
KNV S o — [ oso0 | — — |omt | —
Y Y b 0380 | D410 | 0480 | 0.014 | 0016 | 0018
\ T aaa 0.150 0.008
bbb 0.100 0.004
coo 0.100 0.004
ddd 0130 0.005
cce 0.150 0.008
ff 0.080 0.002
MD/ME 1010
SE 0.400 | 0.016
=D 0.400 | 0.016
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5.2 LQFP100 Package Size
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5.3 LQFP144 Package Size
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5.4 Silkscreen Description

A

LOGO

A

Chip Type

A

A

XXXXXXXX Batch NO

—— Chip Version Identification Number
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6 Version History

nsing.com.sg

Version

Date

Changes

V1.0.0

2025.4.30

First release
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7 Disclaimer

This document is the exclusive property of NSING TECHNOLOGIES PTE. LTD. (Hereinafter referred to as NSING).
This document, and the product of NSING described herein (Hereinafter referred to as the Product) are owned by
NSING under the laws and treaties of Republic of Singapore and other applicable jurisdictions worldwide. The
intellectual properties of the product belong to Nations Technologies Inc. and Nations Technologies Inc. does not grant
any third party any license under its patents, copyrights, trademarks, or other intellectual property rights. Names and
brands of third party may be mentioned or referred thereto (if any) for identification purposes only. NSING reserves the
right to make changes, corrections. enhancements, modifications, and improvements to this document at any time
without notice. Please contact NSING and obtain the latest version of this document before placing orders. Although
NATIONS has attempted to provide accurate and reliable information, NATIONS assumes no responsibility for the
accuracy and reliability of this document. It is the responsibility of the user of this document to properly design,
program, and test the functionality and safety of any application made of this information and any resulting product. In
no event shall NATIONS be liable for any direct, indirect, incidental, special, exemplary, or consequential damages
arising in any way out of the use of this document or the Product. NATIONS Products are neither intended nor
warranted for usage in systems or equipment, any malfunction or failure of which may cause loss of human life, bodily
injury or severe property damage. Such applications are deemed, Insecure Usage’. Insecure usage includes, but is not
limited to: equipment for surgical implementation, atomic energy control instruments, airplane or spaceship
instruments, all types of safety devices, and other applications intended to supporter sustain life. All Insecure Usage
shall be made at user's risk. User shall indemnify NATIONS and hold NATIONS harmless from and against all claims,
costs, damages, and other liabilities, arising from or related to any customer's Insecure Usage Any express or implied
warranty with regard to this document or the Product, including, but not limited to. The warranties of merchantability,
fitness for a particular purpose and non-infringement are disclaimed to the fullest extent permitted by law. Unless
otherwise explicitly permitted by NATIONS, anyone may not use, duplicate, modify, transcribe or otherwise distribute

this document for any purposes, in whole or in part.
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