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1 Introduction

This document is the datasheet for the PM20025G-08 series. The PM20025G-08 series of chips are motor-specific
MCUs developed by MetaWells. They include the following models:

H PM20025G-08 (WQFN6x6-48 package)
Users can refer to the "PM20025G User Manual” for further understanding of the functionality of this series of chips

Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1
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2 Product Description

The PM20025G-08 series uses an ARM® Cortex®-MO0 core with a maximum operating frequency of up to 48MHz,
and is equipped with 32Kbyte of Flash and 4Kbyte of SRAM.

Built-in a 16-bit advanced timer with 3 PWM outputs, all of which have asymmetric dead zone complementary
outputs, a 32-bit general-purpose timer, a 16-bit general-purpose timer, and a 16-bit basic timer.

Built-in 1 simple RTC, supports alarm clock function, can run in low power consumption mode, provides a wake-up
source for the chip.

Built-in analog circuit includes: 1 12-bit ADC dual-channel simultaneous sampling and protection, as well as up to
10 external channels, 3 analog operational amplifiers with PGA mode, 4 analog comparators with threshold PGA,
1 power-on/power-down/under-voltage reset circuit POR/PDR/BOR, and 1 internal reference voltage for on-chip
ADC sampling.

All pins except for power, ground, and NRST can be used as GPIO, peripheral 10, or external interrupt inputs; In
applications where the number of pins is limited, provide as many pins as possible.

Support traditional Flash read-write protection, as well as the patented Flash code encryption developed by
MetaWells.

Built-in multiple communication interfaces: 2-channel UART, 1-channel high-speed SPI, 1-channel I2C.

It also integrates a hardware division and square root operation unit DVSQ, which improves the software
processing capability and the ability to quickly respond to external events.

Support Sleep and Stop low power consumption modes, suitable for applications with high requirements for low
power consumption of chips.

Built-in 5V 50mA LDO and 12V LDO control circuits with output short circuit protection.
Built-in three-phase brushless gate driver, capable of operating at up to 36V, is designed to drive MOSFETs with a
6N structure.

With these rich peripherals, PM20025G-08 is particularly suitable for applications such as square wave/FOC drive
control for BLDC/PMSM motors:

Electric tools
Industrial fans
Compressors
Range hoods

Vacuum cleaners

Water pumps
B Air conditioners
2.1 Product Features

4 CPU Core
H  ARM® Cortex®-M0
B Maximum clock frequency: 48 MHz
B 24-bit SysTick Timer
€ Operating Voltage Range:
B Driver: 5.5V ~ 36V
4 Operating temperature range:
H -40°C ~ +105°C
¢ Memory
® 32 Kbyte Flash

Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1 2
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* When the CPU's clock frequency is not higher than 24MHz, it supports 0-wait-state bus cycle access to Flash.

* The Flash has a data security protection feature, allowing separate settings for read protection and write
protection.

* It supports instruction and data encryption for Flash storage, which can prevent the Flash content from being
physically attacked.

B 4Kbyte SRAM
¢ Clock
External high-speed HSE clock: 4~32MHz
On-chip high-speed HSI clock: 8/12/48MHz
On-chip slow-speed LSI clock: 40kHz
PLL Clock: 1~48MHz
m  External GPIO input clock: 5~30MHz
¢ Reset
B External Pin Reset (NRST Pin)
Option Byte Loader Reset
Window Watchdog Counter Termination (WWDG Reset)
Independent Watchdog Counter Termination (IWDG Reset)
Power-on Reset (POR/PDR/BOR)
Software Reset (SW Reset)
B Low-Power Management Reset
¢ GPIO Port
B  Supports up to 11 GPIO ports
4 1 DMA Controller

B With 5 channels, allowing selection of different request sources.

B Supports triggering from various peripherals such as TIM, SPI, I2C, UART, ADC, etc.
¢ Data communication interfaces
® 2 x UART
m 1xI’C
* 1Mbps/400kbps/100kbps transmission Rate
* Support data reception wake-up in Stop mode
® 1 route high speed SPI
* Maximum transmission rate of 18 Mbps
¢ Timer
® 1 dedicated 16-bit advanced motor control timer (TIM1)
* 4 PWM outputs, with 3 featuring asymmetric dead-time complementary PWM outputs
* Support external pin signal braking and internal comparator output signal braking
* Support multi-point comparison output triggers for ADC on CC1~CC6 channels
B 2 general-purpose timers
* 1 x 32-bit general-purpose timer (TIM2)
* 1 x 16-bit general-purpose timer (TIM3)
B 1 x 16-bit basic timer (TIM6)
¢ DvsaQ
B Supports 32-bit fixed-point division, providing both quotient and remainder simultaneously
B Supports high-precision square root calculation for 32-bit fixed-point numbers
4 On-chip analog circuits

H 12V LDO Control Circuit
Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1 3
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® 1x5VLDO

* Maximum output voltage of 5.10V

* Qutput current of 50mA
B 1 x 12-bit Dual-Channel Sample-and-Hold SAR ADC (up to 10 external analog signal input channels)
* 12-bit resolution
* Maximum conversion frequency: 1MSPS
* 2 independent sample-and-hold units, capable of sampling two signals simultaneously
* Support 4 independent conversion queues and 1 test queue
* Support automatic continuous conversion and scan conversion functions
* Support channel replacement function in regular queues
* Support multiple hardware trigger sources (TIM1_TRGO, TIM1_CCx, GPIO input events, etc.)
* Support averaging of multiple sampled data in regular queues
* Independent channel data result registers
B Internal Reference Voltage
* Internal reference voltage output connected to a dedicated ADC channel
B 4 Voltage Comparators
* Comparator reference voltage can be from an external signal input or an internal 8-bit DAC
* Comparator output can be used as a brake for advanced timers
® 3 Operational Amplifiers
* Gain programmable
* Amplifier output signal can be routed to a pin or internally to an ADC sampling channel
€ Three-phase brushless gate driver
B Drive Current: +1.5A/-1.8A (typ.)
Integrated VCC and VBS undervoltage protection
Floating Absolute Voltage: 70.0V

Integrated common-mode noise cancellation circuit

Integrated dead-time: 250ns (typ.)
B Integrated bootstrap diode
¢ 96-bitunique chip ID identifier
B Used as serial numbers and security keys
B Activates secure boot process
4 CPU Tracing and Debugging
B SWD debug interface
B ARM® CoreSight™ debug components (ROM-Table, DWT, and BPU)

® Custom DBGMCU debug controller (low-power mode emulation control, debug peripheral clock control,
debug and trace interface allocation)

Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1 4
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2.2 Device Overview

Table 2-1 PM20025G-08 Series Feature

Feature PM20025G-08

GPIO 30
Package WQFN6x6-48
Operating Voltage 5.5V~36V
Operating Temperature -40°C ~ +105°C

Flash(Kbyte) 32
Memory

SRAM(Kbyte) 4

Core Cortex®-M0
CPU

Operating Frequency 48MHz
Number of DMA Channels

(DMA Channel Count)

1 (5 Channels)

Fixed-Point Division and Square Root Unit

1

(DvsQ)
Internal LSI 40kHz
Internal HSI 8 MHz /12 MHz /48MHz
Clock
PLL Clock Supported
External HSE 4~32MHz
Advanced Timer 1* (16 bit) : TIM1
1* (32 bit) : TIM2
General Timer )
1* (16 bit) : TIM3
Basic Timer 1* (16 bit) : TIM6
Timer Simple Real-Time Clock(RTC) 1 Independent 32-bit Counter (Capable of Operating in Low-Power Mode)
System Tick Timer 1
Independent Watchdog Timer 1
(IWDG)
Window Watchdog Timer 1
(WWDG)
. | UART 2
Communi
cation Peri | I1°C 1
heral
e 1
Number of ADCs (External 1(10)
Analog Channel Count)
ADC Reference Selection Internal Reference Voltage
ADC Conversion Rate 1TMSPS
ADC Accuracy 12-bit
Voltage Comparator (COMP) 4
Operational Amplifier (OPAMP) 3
Three-Phase Gate Driver 6N
96-bit UID 1
Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1 5
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3 Ordering Information

3.1 Ordering Information

Table 3-1 PM20025G-08 Product Ordering Information

Order number Marking ID Package Description
PM20025G Hal Free RoHS liant in Ti
y ) alogen Free RoHS compliant in Tray
PM20025G-08QW i)(f;ACI)DV'\\/lN WQFN6x6-48 Packaging 4900pcs

3.2 Marking Information

Table 3-2 PM20025G-08 Product Marking Information

Marking Package Definition
PM20025G Product code : PM20025G
08Qw WQFN6x6-48 Voltage/Package code : 08QW
YMDNN Y : Year code M : Month code D : Day code NN: Serial Number

Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1 6
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4 Function Introduction

4.1 Block Diagram

The chip internally integrates a 5V LDO (Low-Dropout Regulator), a 12V LDO control chip, and a Gate Driver. The

internal connection method is as follows:

QIX RO
Ve VG
VN
LDO5V] T
L 1
VBL, 2, 3
VDD C1
——
e
PB12/HIN1 HO1
PB6/LINI Lol (101,23 4
PB11/HIN2 HO2
o Driver
bl
= PB4/LIN2 L02 VSl 2, 3 VLW
PB10/HIN3 HO3
PB7/LIN3 103
L01,2,3

Figure 4-1 PM20025G-08 Block Diagram

Note:

When the power supply voltage is within 30V, the reference circuit in Figure 4-1 can be used. If the power supply
voltage is above 30V, a separate 12V power supply is required.

4.2 Structural Block Diagram

The device internally integrates 32Kbytes of Flash memory, which is used for storing programs and data.

The ARM® Cortex®-MO processor is an embedded 32-bit RISC processor that offers excellent computational
performance and advanced interrupt system response. This series of products features a built-in Cortex®-MO0 core,

making it compatible with all ARM tools and softwa

Copyright © MetaWells Co., Ltd. All rights reserved
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Taking PM20025G-08 as an example, the functional block diagram of this series of products is as follows:

Cortex- MO Processor
@

48 MHz

Division/square root
operation unit
(DvsQ)

DMA
(5 channels)

v

AHB Bus Matrix @48 MHz

v

v

v

,l

GPIO Interface

PortA (13)
Port8 (7)

SRAM
(4 Kbyte)

nstruction | ¢ inn
encryption

v

Flash
(32 Kbyte)

v

Clock control unit Reset control unit
el ederr Cortex WD software reset.
sl
TR C-chp daek External pin reset
151
e TWDG reset
ok WWDG reset
PLL
Option byte load reset

u

! 2 xUART

- Up to 6Mbps transfer rate

- 7/8/9-bit configurable data length
- Asynchronous transm ission

external
interru

UART

- Multi-host comm unication

- Supports single-wire half-duplex
aperation

1xM-SSPI
- Up to 18Mbps transfer rate
- 4-16-bit configurable data length
- Supports multi-host mode

- Configurable clock polarity and phasg

UARTL e
UART2

- Built-in CRC validation
- Motoralam ode support
- T mode support

1xM-si2C

- 100Kbps/400Kbps/1Mbps transfer rates
- Supports multi-hast mode

- Selectable analog/digtal signal fltering
- Supports 7/10-bit addressing

12CBus

- Built-in CRC validation !
- SMBus alarm output support !
- MCU wzke-up from power-downmode |

|

comparator
threshold

(VOLTAGE_DIV,

x
—1 Operation [—
al amplifier

4xVoltage

— comparato —
o

™ 10 EhATNE X i AralOR T
3 interta =

,,,,,,,,,,,,,,,,,,,, .

7™~ -QuEtomparatr modde (7

———comparators) -

E

Timer

Advanced Timer (TIM1)

- 16-bit counter
- 16-bit prescaler

PWM Channel 1 with Dead

| Motor drive circuit
- Time

PWM Channel 2 with Dead

Time

PWM Channel 3 with Dead
Time.

- Up/down

- 3-channel input capture/out put
compare/PWM

- 3-channel ry PWM
outputs

- ETR external trigger input
- External brake signal input

PWM emergency brake signal

General-purpose Timer (TIV2)
- 32-bit counter
- 16-bit prescaler

Watchdog

- Up/down countingmades
- d-channel input

{ Motor Interface Circuit |

(Hall Sensor/Encoder)
H1

1 H2

H3

compare/PWM
- ETR external trigger input

General-purpose Timer (TIM3)

Timer trigger signal

| PWM channel 4

Motor Interface Circuit

-ETR external trigger input

(Hall /Encoder)
- 16-hit counter I HL
- 16-bit prescaler d
~Up/down i H2
- d-channel Input capture/output | H3
WM
compare/? | PWM channel 4

Basic Timer (TIM6)

- 16-bit counter
- 16-bit prescaler

- Up/down countingmades

_Timer trigger signal

Figure 4-2 PM20025G-08 Functional Block Diagram

Copyright © MetaWells Co., Ltd. All rights reserved
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4.3 Memory Mapping Configuration

RS SSSLLLLLLLL o -
0x4001_7FFF ; o, T
Reserved
\ i 0x4800_0C00
Reserved { GPIOC AHB
/ 0x4800_0800
0x4800_0400 GPIOB
/ GPIO A
0x4001_6000 \ / 0x4800_0000
0%4001_5C00 OPAMP 5, f 0x4003_03FF DVsSQ B
0xa001_s800 | DBGMCU ; 0x4003_0000
Reserved !
0x4001_5000 21 OxFFFF_FFFF
0x4001_4C00 (
0x4001_4800 comp \ Reserved
APB2 Reserved
010014400 . 0xE010_0000
0¥4001_4000 TIM3 Cortex-M0 Reserved
Interior and
Reserved A exterior peripherals| |
0x4001_3800 0xE000_0000 / AHB
TIM2 OXDFFF_FFFF
0x4001_3400 \ ;
Reserve
oxdo01_s000|__ Reserved .
0x4001_2800 Reserved R i 0x4002_2400 v
eripherals
0x4001_2400 UART2 perip 0x4002_2000 Y-
oxa001 osoo|_ Reserved 0x4000_0000 0x4002_1400
Ny EXTI OX3FFF_FFFF RCe
0x4001_0400 ‘ % H 040021000 Reserved
SYSCFG SN
0x4001_0000 0x4000_7FFF SRAM 0x4002_0400 DVA
Reserved 0x2000 0000 Y 0x4002_0000
0x4000_7400 - .
PWR Ox1FFF_FFFF s R
0x4000_7000 ; N T X3FFF_
- CODE Reserved
/ 0x2000_1000
0x0000_0000 0x2000_0FFF
Reserved \ R, 4-Kbyte SRAM
,,,,,,,, 0x2000_0000
OxLFFF_FFFF
0x4000_3C00 } OXLFFF_FA0D Reserved
. 1 Ox1FFF_FOFF :
0x4000_3800 SRIL | oxiFFFFs00 | OPtion bytes
/ A OXLFFF F7FF
APB1< 0xa000_3a00 | Reserved | %
0x4000_3000 IWDG / | Reserved
0x4000_2C00 WWDG | 00800, 8000
i I )_.
oxa000_1800 | Reserved / | oot
} -Kbyte
0x4000_1400 UARTH, ) Y
TIM6 / Flash area
0x4000_1000 et / ; ouas00 oomo
‘ X07FF
0x4000_0C00 " \ e
0x4000_0400 | Reserve / | 0x0001_0000 )
- ADC \ Boot-configurable
0x4000 0000 [ "~ | / as either main
Flash memory or
system storage
0x0000_0000 partition

Figure 4-3 PM20025G-08 Memory Mapping
4.3.1 Flash

The series of chips internally integrates up to 32 Kbytes of Flash memory, which is used for storing programs and
data.

Through the register configuration of the Flash controller, the remap of interrupt vectors within the 32 Kbyte space
can be achieved.

4.3.2 SRAM

The series of chips internally integrates 4 Kbytes of SRAM, supporting word, half-word, and byte read/write access.
The CPU can perform fast read/write access with zero wait cycles, meeting the needs of most applications.

4.4 Power Supply

Vin =5.5-36Vwith a 5V LDO outputting power to both internal VDD and VDDA.

VDD supplies power to the chip's digital circuitry, 1/O pins, and internal voltage regulators.

VDDa powers the analog sections such as ADCs, voltage comparators, and operational amplifiers.
Note:

e VDD and VDDaare internally connected together.

Copyright © MetaWells Co., Ltd. All rights reserved Rev.1.1 9
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4.5 Power Supply Monitor

The chip is equipped with built-in Power-On Reset (POR), Power-Down Reset (PDR), and Brown-Out Reset (BOR)
circuits. The system can operate normally when the supply voltage reaches 2.2V. When VDD/VDDAa falls below the

specified threshold voltages Vpor/Vrpr, the system remains in reset state without the need for an external reset
circuit. During power-up, the BOR keeps the device in reset state until the power supply voltage reaches the
specified Vgor threshold. When BOR is disabled, power supply is monitored by POR/PDR.

4.6 Low-Power Modes
The device supports Sleep mode and Stop mode.

Sleep Mode: Only the CPU stops, while all peripherals remain operational and can wake up the CPU upon
occurrence of an interrupt/event.

Stop Mode: Stop mode achieves the lowest power consumption while preserving SRAM and register contents. In
stop mode, all clocks in the core domain are turned off, and PLL, HSI, and HSE oscillators are disabled. The MCU
can be woken up from stop mode by any signal configured as EXTI, which can be one of the 16 external 1/O ports.
The MCU can also be woken up from Stop mode after receiving data via I°C.

4.7 Reset
4.7.1 System Reset

System reset resets all registers to their reset states, except for the reset flag bits in the RCC_CSR register. Users
can identify the source of the reset event by checking the reset status flag bits in the RCC_CSR control and status
register.

VDD

External
Reset E

NRST

Power Reset
filter System Reset

:| ’47 Option byte loader reset
Pulse generator WWDG Reset

— (minimum 40 u IWDG Reset

s s) Software Reset

_ ow power management reset

1

M

0 ———GPIO PC7 Function

NRST_IOEN[15:0]

Figure 4-4 Reset Signal
When any of the following events occur, a system reset will be generated:

Low level on the NRST pin (external reset)

Option byte loader reset

Window watchdog timer counter expiration (WWDG reset)
Independent watchdog timer counter expiration (IWDG reset)
Power reset (power-on reset/power-down reset/brown-out reset)

Software reset (SW reset): This can be achieved by setting the SYSRESETREQ bit in the Cortex®-M0
Interrupt Enable and Reset Control Register to "1'.

B Low-power management reset
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Except for power resets, all other reset sources will ultimately act on the NRST pin and remain low during the reset
process. The reset entry vector is fixed at address 0x00000004. The internal reset signals within the chip
(excluding power resets) will be output on the NRST pin. The pulse generator ensures that each internal reset
source has a pulse delay of at least 40 microseconds. When the NRST pin is pulled low to generate an external
reset, a reset pulse will be generated.

4.7.2 Power Reset

A power reset will be generated when any of the following events occur:

B Power-on/power-down reset (POR/PDR)

H Brown-out reset (BOR)
The chip integrates an internal power-on reset (POR)/power-down reset (PDR) circuit. This circuit is always active
to ensure the system operates normally when the power supply exceeds 2.2V. When VDD is less than the
POR/PDR threshold, the MCU will be reset without the need for an external reset circuit.

The chip also integrates an internal brown-out reset (BOR) circuit. The BOR option is not enabled by default, and
the power supply is monitored by the POR/PDR at this time. Users can configure the MCU option bytes to enable
or disable the BOR function.

4.8 Clock & Clock Tree
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Figure 4-5 Clock Tree

As shown in the diagram above, HSI48 and ADCCLK are derived from the same internal oscillator with an output
frequency of 48MHz. Therefore, when using either the HSI48 or ADCCLK clock, the other clock source cannot be
turned off to reduce power consumption.

Upon startup, the device selects the system clock (SYSCLK) as the CPU operating clock. The 48MHz clock output
by the internal oscillator is divided down to produce HSI, which serves as the default system clock after the chip is
powered on. HSI/HSE can be used as the input for the PLL prescaler, so by using the PLL in combination, a richer
variety of system clock frequencies can be configured.

The device provides more clock sources for the system clock, offering customers lightweight, flexible, and diverse
working modes. The following clocks can all serve as the system clock:

®  External high-speed clock (HSE): 4~32MHz
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B Internal high-speed clock (HSI): 8/12/48MHz
B Internal low-speed clock (LSI): 40kHz
B PLL clock: up to 48MHz

B GPIO external input clock: 5~30MHz

The clock frequencies of the AHB bus and APB domain can be configured through several dividers. The maximum
clock frequency of the AHB bus can reach 48MHz, and the maximum clock frequency of the APB domain can also
reach 48MHz.

The Clock Security System (CSS) can monitor failures of the HSE and switch clock sources when a failure is
detected.

4.9 GPIO

Each GPIO pin can be configured by software as an output (push-pull or open-drain), an input (floating, pull-up, or
pull-down), or as another peripheral function port. Most GPIO pins are shared with digital or analog peripherals. All
GPIO pins have high-current carrying capability. When necessary, the peripheral function of an 1/0O pin can be
locked through a specific operation to avoid accidental writes to the 1/O registers.

4.10 SYSCFG

This series of chips includes a set of system configuration registers. The main functions of the System
Configuration Controller are as follows:
B Enable or disable I2C Fast Mode Plus on some IO ports.
Remap memory to the code start area.
Manage external interrupts connected to GPIO ports.

Manage TIM3_CH4 input remapping to signals such as LSI, HSI, etc.

Manage the switching of some internal analog signals to 0.
B Configure the internal voltage divider (8-bit DAC).
4.11 Boot Mode

During startup, the boot pins are used to select one of the following boot modes:

B Boot from user Flash
® Boot from system memory
The bootloader is stored in system memory and can be used to reprogramming the Flash via UART1 (PC8/PC9).

4.12 DMA

The Direct Memory Access Controller (DMA) is responsible for high-speed data transfer between peripherals and
memory or between memories. Data is quickly moved from the source address to the destination address without
CPU involvement, allowing the CPU to have more resources to handle other applications.

The chip integrates one DMA controller. The DMA controller manages access requests from one or more
peripherals. The DMA has an arbiter to handle requests with different DMA priorities.

B The DMA has 5 independently configurable channels.
B Each channel is connected to specific hardware and triggered by that hardware or by software.
B Supports circular buffer management.
B Supports DMA request mapping for TIM1/2/3, SPI1, UART1/2, I12C1, and ADC.
4.13 Interrupts and Events

4.13.1 NVIC

This series of MCUs includes a built-in Nested Vectored Interrupt Controller (NVIC) capable of handling up to 22
maskable interrupt channels (excluding 16 Cortex®-MO interrupt lines) and 4 interrupt priorities. This module
provides flexible interrupt management functionality with minimal interrupt latency.

B The tightly coupled NVIC enables low-latency interrupt response processing.
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Interrupt vector entry addresses directly into the core.

Allows early processing of interrupts.
Handles late-arriving higher-priority interrupts.
Supports interrupt tail-chaining functionality.

Automatically saves processor state.

Automatically restores upon interrupt return without additional instruction overhead.

4.13.2 EXTI

The Extended Interrupt and Event Controller (EXTI) is responsible for managing asynchronous interrupts and
events: outputting event requests to the CPU, outputting interrupt requests to the interrupt controller, and outputting
wakeup requests to the power management module.

EXTI can be divided into two types based on whether the interrupt/event trigger edge is configurable: configurable
EXTI (simply called configurable EXTI) and fixed EXTI (simply called fixed EXTI). Fixed EXTI uses rising edge
triggering and only works in standby mode to wake up the core from standby mode.
B Support up to 22 event/interrupt requests.
* 22 configurable EXTI lines
* Trigger edge selectable as rising or falling
* Has dedicated interrupt status bits
* Can trigger interrupts and events via software
* 1 fixed EXTI line
B Each interrupt/event line can be individually triggered and masked.
B Detects external signals with pulse widths lower than the APB2 clock width.

4.14 Independent Watchdog (IWDG)

The Independent Watchdog is clocked by an internal, independent 40kHz RC oscillator (LSI) and includes a 12-bit
down-counter and an 8-bit prescaler. Since this RC oscillator is independent of the main clock, it can operate in
standby mode. The IWDG is used to reset the entire system in case of problems or as a free-running timer to
provide timeout management for applications. It can be configured as software or hardware-started watchdog
through option bytes. In debug mode, the counter can be frozen.

By configuring the IWDG_WINR register, the IWDG can operate in window mode.
4.15 Window Watchdog (WWDG)

The Window Watchdog includes a 7-bit down-counter. The counter can be set to free-running mode or used as a
watchdog to reset the entire system in case of system failure. The Window Watchdog is driven by the main clock
and has an early warning interrupt function. In debug mode, the counter can be frozen.

4.16 Timer

This series of MCUs includes one advanced control timer, two general-purpose timers, and one basic timer. The
timer functions are defined in the table below.

Table 4-1 Definition of Timer Function

. Capture/ Comple
Timer Counter Prescaler DMA Emergency i
Type Name | Resolution | Counter Type Factor | Request | Brake Input | Comparative LY
Channel Output
Increment,
Advanced . decrement,
timer TIM1 16 bit increment/ 1~65536 Yes Yes 3 3
decrement
General timer | TIM2 32 bit Increment, 1~65536 Yes No 4 No
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. Capture/ Comple
Timer Counter Prescaler DMA Emergency i
Type Name | Resolution | Counter Type Factor | Request | Brake Input | Comparative AEE
Channel Output
decrement,
increment/
decrement
Increment,
. decrement,
TIM3 16 bit increment/ 1~65536 Yes No 4 No
decrement
Basic Timer TIM6 16 bit Increment, 1~65536 No No No No

4.16.1 Advanced Timer
This series of MCUs integrates an advanced timer TIM1.

The TIM1 advanced timer can be used as a three-phase PWM generator with six channels, as well as a complete
general-purpose timer. TIM1 has three independent channels that can be used for:

® Input capture

Output comparison

Generates PWM edge or center alignment patterns
Single pulse output

Complementary PWM output with programmable dead-time insertion.

When the advanced timer is configured as a 16-bit conventional timer, it has the same functionality as the basic
timer. When configured as a 16-bit PWM generator, the advanced timer has full modulation capability of 0-100%.
Due to the same internal structure and most functions as the general timer, the advanced timer can operate in
conjunction with the general timer through the timer link function to provide synchronization or event linking
functions.

The advanced timer has a shift function for updating events and a simple data movement function, which can be
applied to motor control.

In debug mode, the counter can be frozen.
4.16.2 Universal Timer
This series of MCUs integrates the following two general-purpose timers.TIM2 and TIM3

The TIM2 general-purpose timer is based on a 32-bit auto-reload increment/decrement counter and a 16-bit
prescaler. The TIM3 general-purpose timer is based on a 16-bit auto-reload increment/decrement counter and a
16-bit prescaler. Both TIM2 and TIM3 have four independent channels. These channels are used for input
capture/output comparison, PWM, or single pulse mode output.

TIM2 and TIM3 general-purpose timers can work in conjunction with TIM1 advanced control timers through timer
linking functions to provide synchronous or event linking capabilities. Both TIM2 and TIM3 can generate

independent DMA requests. TIM2 and TIM3 are capable of processing quadrature incremental encoder signals and
also handling the digital outputs from 1 to 3 Hall-effect sensors. In debug mode, its counters can be frozen.

4.16.3 Basic Timer
This series of MCUs integrates a basic timer TIM6.

The TIM6 basic timer is based on a 16-bit auto-reload incrementing counter and a 16-bit prescaler. In debug mode,
its counters can be frozen.
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4.16.4 System Tick Timer

The System Tick timer is dedicated to the operating system and can be used as a standard decrement counter. It
has the following characteristics.

B 24-bit down counter

B reload function

B  When the counter is 0, a maskable interrupt can be generated
B Programmable clock source

4.17 ADC

Built-in 1 12-bit analog/digital converter ADC module with up to 10 external channels and 6 internal channels. The
A/D conversion of different channels can be performed in single, cyclic, intermittent, or scanning sampling modes.

B 12-bit resolution.

B  ADC clock can reach 24MHz, and ADC conversion rate can reach 1MSPS.
Two independent sample and hold units, with inputs from 14 analog input channels.

B ADC supports DMA operation.
Flexible queue configuration, supporting 4 independent conversion queues and 1 test queue.

B  The working mode of the queue supports single-channel acquisition and protection mode, dual-channel
acquisition and protection mode, single-channel acquisition and protection scanning mode, and BK
mode.

B Flexible arbitration mechanism, each queue can be configured with 0-3 levels of priority, with higher
numbers indicating higher priority.

B Independent result registers: Each channel has its own independent result register, which can store the
current conversion value.

B Channel replacement feature allows redirecting channel conversion requests to other channels. This
feature can be used to measure the same input channel and store the conversion results in multiple
different result registers.

B Data window comparison function, which can compare the data converted by ADC with the set value.
Data averaging function, where the data averaging unit performs data preprocessing.

B Trigger Trig delay configuration, which can be configured to delay for a period of time after the trigger
signal is generated before starting the ADC conversion.

B Events generated by the advanced control timer TIM1 and the general-purpose timers TIM2/3 can be
internally connected to the ADC's start trigger to trigger A/D conversion.

4.17.1 Internal Reference Voltage

The internal reference voltage VREFINT provides a stable bandgap reference voltage output for the ADC.
4.18 Voltage Comparator (COMP)

This series of chips has four low-power comparators COMP1, COMP2, COMP3, and COMP4 built in. These four
comparators can be used as independent devices or in combination with timers.

These four comparators can be used for:

B Wake up the MCU from low power consumption mode triggered by analog signals.
B Conditioning analog signals.

B  When used in conjunction with the PWM output of the timer, it constitutes a cycle-by-cycle current
control loop.

4.19 Operational Amplifier (OPAMP)
The device integrates three operational amplifiers, hereinafter referred to as "op-amps".
They can work in three modes: Standalone, Follower, and PGA.

The output of the operational amplifier can be output to the pin, can be internally fed back to the inverting input
terminal, or can be gated and input to the internal ADC for sampling.
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4.20 Division and Square Root Calculation Unit (DVSQ)

Division and square root, DVSQ calculation unit supports the following features:

B Support 32-bit signed number SDIV and unsigned number division UDIV, and supports 32-bit square root
operation.

* At the same time, the DVSQ calculation unit cannot support both division and square root operations
simultaneously, and can only perform one of the two operations.

* After the division operation of a 32-bit signed/unsigned integer, the quotient and remainder can be obtained
simultaneously and updated to the corresponding registers.

* Division supports the MOD operation.

B Unsigned square root operation, which can be selected for high-precision square root operation through
software.

B Pipeline design, each clock completes 2-bit operation.
B  The computation time varies depending on the data being processed.
B Supports zero-based interrupt and overflow interrupt.

4.21 I>)C Bus

The series of MCUs has one I12C bus interface, which can work in multiple master and slave modes, supporting
standard mode up to 100kHz, fast mode up to 400kHz, and ultra-fast mode up to 1MHz.

I2C provides hardware support for SMBUS2.0 and PMBUS1.1: ARP capability, host notification protocol, hardware
CRCPEC generation/validation, timeout validation, and ALERT protocol management.

I2C also has a clock independent of the CPU clock domain, so that I2C can wake up the MCU from the Stop mode
when the address matches.

Table 4-2 I2C Features

I2C Features 12C1
Master/Slave Mode Supported
Multi-Master Mode Supported
Standard/Fast/Super Fast Mode Supported
7/10 bit Addressing Mode Supported
Broadcast Call Supported
Event Management Supported
Clock Stretching Supported
Software Reset Supported
DMA Transfer (Direct Memory Access Transfer) Supported
Digital and Analog Filters Supported
SMBUS2.0 Supported
PMBUS1.1 Supported
Independent Clock Supported
Wake-up from Slave Halt Mode Supported

4.22 Universal Asynchronous Receiver/Transmitter (UART)

The device is equipped with two Universal Asynchronous Receiver/Transmitters (UART1/UART2), with a maximum
communication rate of up to 6Mbit/s. It provides hardware management for RS485DE signals, multi-processor
communication mode, and single-wire half-duplex communication mode.

The UART interface can utilize a DMA controller.
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Table 4-3 UART Features

UART Mode/Feature UART1/UART2
Data Word Length 7/8/9 bit
Direct Memory Access (DMA) Transfer Supported
Multiprocessor Communication Supported
Single-Wire Half-Duplex Communication Supported
RS232 Hardware Flow Control Not Supported
RS485 Driver Enable Supported

4.23 Serial Peripheral Interface (SPI)

This series of MCUs features up to one SPI interface, supporting both slave and master modes, as well as full-
duplex and half-duplex communication modes. The SPI can utilize a 3-bit prescaler to generate 8 different master
mode frequencies, and each frame can be configured with data lengths ranging from 4 bits to 16 bits.

Table 4-4 SPI Feature

SPI Feature SPI1
Hardware CRC Calculation Supported
RX/TX FIFO Supported
NSS Pulse Mode Supported
Tl Mode Supported
DMA Transfer Supported

4.24 RTC

The RTC features a set of continuously running counters that can provide clock functionality through software. It
also has alarm interrupt and second interrupt capabilities (both can serve as wakeup sources in standby mode).

The driving clock for the RTC can be selected from either HSE/32 or LSI. The RTC includes a 32-bit programmable
counter that, in conjunction with the alarm register, can perform long-duration measurements and generate alarm
events.

4.25 96-bit UID

The 96-bit Unique Identifier (UID) provides a reference number that is unique to every MetaWells chip, regardless
of the circumstances. Users cannot modify this identifier. Depending on the application, the 96-bit UID can be read
in units of bytes (8 bits), half-words (16 bits), or full words (32 bits). The 96-bit UID is suitable for:

B Serving as a serial number (e.g., for USB character serial numbers or other terminal applications).

B Serving as a password. When programming flash memory, combining this UID with software encryption
and decryption algorithms can enhance the security of the code within the flash memory.

B Activating the bootstrap process with security mechanisms.
4.26 Debug Interface (DBG)

The embedded ARM SWJ-DP interface enables the implementation of a serial SWDIO/SWCLK debug interface.
4.27 LDO

Internally integrated is a 12V LDO control circuit that, paired with external circuitry, provides a 12V voltage to the 5V
LDO. The output of the 5V LDO is used to power the MCU.
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4.28 Three-Phase Gate Drive

The internal driver comprises three independent 70V-tolerant half-bridge gate drives. Figure 4-5 depicts the
functional block diagram of the driver, which includes bootstrap diodes and built-in undervoltage lockout (UVLO)
protection for both low-side and high-side power supplies to prevent the power tubes from operating at excessively
low voltages, thereby enhancing efficiency. The integrated anti-shoot-through dead time is 250ns, with a drive
capability of +1.5A/-1.8A. The integrated common-mode noise cancellation technology enables the high-side driver
to operate stably in high dv/dt noise environments and possesses a broad negative transient voltage tolerance.
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Figure 4-7 Driver Functional Block Diagram
4.28.1 Low-side Power Supply VCC and Under-voltage Lockout (UVLO)

The VCC is the low-side circuit power supply terminal, which provides the required driving energy for the input logic
circuit and low-side output power stage operation. The built-in undervoltage lockout circuit ensures that the chip
operates within a sufficiently high power supply voltage range, thereby preventing damage to MOSFET/IGBT
caused by thermal dissipation due to low drive voltage. As shown in Figure 4-6, when VCC rises and exceeds the
threshold voltage VCC_R =3.6V, the low-side control circuit unlocks and starts to work, and LO starts to output;
Conversely, when VCC drops below the threshold voltage VCC_F =3.3 V, the low-side circuit locks, the chip stops
working, and LO stops outputting. The recommended operating voltage range for VCC is 4.5V-15.0V.
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Figure 4-8 Low-side Power Supply VCC and Under-voltage Lockout
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4.28.2 High-side Power Supply VBS (VB1-VS1, VB2-VS2, VB3-VS3) and Under-voltage Lockout
(UVLO)

The VBS power supply serves as the high-side circuit power source, with VBS1 (VB1-VS1), VBS2 (VB2-VS2), and
VBS3 (VB3-VS3) corresponding to the high-side drive power supplies for phases 1, 2, and 3, respectively. The
entire high-side circuit powered by the floating power supply VBS uses ground GND as its reference point and
follows the source/emitter voltage of the external power transistors MOSFET/IGBT, swinging between ground and
bus voltage. Due to the low quiescent current consumption of the high-side circuit, the entire high-side circuit can
be powered by bootstrap circuit technology connected to VCC, and only a small capacitor is needed to maintain the
voltage required to drive the power transistors. As shown in Figure 4-7, the under-voltage lockout for the high-side
power supply VBS is similar to that of the low-side VCC power supply. The recommended operating voltage range
for VBS is 4.5V-15.0V.
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| VBS Work
Area :
VBS_MIN : '
UVLO_R i |
UVLO_F :
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Figure 4-9 High-side Power Supply VBS and Under-voltage Lockout
4.28.3 Low-side and High-side Logic Input Control: HIN&LIN (HIN1,2,3/LIN1,2,3)

In order to better compatible with various controllers, the internal Driver adjusts the threshold of the 6 input Schmitt
inverters to the lowest level compatible with 3.3V LSTTL and CMOS logic levels. The built-in Schmitt inverter and
advanced pulse filter effectively shield abnormal input short pulse signals, greatly improving the system's immunity
to interference and reliability. Each logic input terminal is preset with a 140kQ pull-down resistor inside the chip to
ensure that it can provide a control signal to turn off the power transistor in abnormal situations such as soldering
defects and invalid input connections. The input pulse width should be no less than 300ns to ensure the correct
input and output relationship.

4.28.4 Shoot-Through Prevention

The internal Driver is equipped with a protection circuit specifically designed to prevent power tubes from being
directly connected, effectively preventing power tube damage caused by common mode interference with high-side
and low-side input signals. Figure 4-8 shows how the straight-through protection circuit protects the power tube.
The power tube is directly connected means that the high-side gate driver output HO and the low-side gate driver
output LO in the same half bridge are simultaneously "high", which will cause a very large harmful current to flow
through the upper and lower power tubes at the same time, accompanied by a large power loss, which can directly
damage the power tube in severe cases. As shown in Figure 4-7, when the low-side input LIN and high-side input
HIN of the same phase are both "high", the internal protection circuit pulls the driver outputs HO and LO to "low",
effectively turning off the power transistor. When one of the input signals becomes "low", the driver output needs to
undergo a dead time delay before outputting "high". This measure avoids the excessive switching state of the
power tube caused by harmful short input pulses, effectively reduces losses, and reduces the risk of damage to the
power tube.
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Figure 4-10 Shoot-Through Prevention
4.28.5 Dead Time

The internal Driver is equipped with a fixed dead-time protection circuit. During the dead-time, both the high-side
and low-side driver outputs are set to "low." The set dead-time must ensure that one power transistor is effectively
turned off before the other is turned on, thus preventing the simultaneous conduction of the upper and lower
transistors, known as shoot-through. If the external dead-time set by the logic input is less than the internal
minimum dead-time, the dead-time for the driver output will be the one set internally within the chip. Conversely, if
the external dead-time set by the logic input is greater than the internal dead-time, the driver output will adhere to
the external dead-time set by the logic input. Figure 3-9 illustrates the timing relationship between the dead-time,
input signals, and driver output signals.

LOx 50% 50%

HOx

Figure 4-11 Dead Time
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5 Electrical Characteristics

5.1 Maximum Absolute Ratings

The maximum rated value is only a short-term pressure value.

Notes:

e Do not operate the chip at this value or any other conditions exceeding the recommended values.

e Refer to Tables 5.1 to 5.18 for the maximum rated values of the chip. Exceeding the maximum rated
values may result in permanent damage to the chip.

e  Operating for prolonged periods at maximum rated values may affect the chip's reliability.

5.1.1 Limit Voltage Characteristics

Table 5-1 Limit Voltage Characteristics

Symbol Description Minimum Maximum Unit
Vin Voltage Range -0.3 55
High-side Floating Supply Voltage VB1,VB2,VB3, -0.3 70.0
High-side Floating Ground Voltage VS1,VS2,VS3 VB-20 VB+0.3
\Y
Vho Vho1,VHo2,VHos VS-0.3 VB+0.3
Vio Viotr ,Vioz,Vios -0.3 Vce+0.3
Vio Input Voltage on the Pin -0.3 5.5
5.1.2 Extreme Current Characteristics
Table 5-2 Extreme Current Characteristics
Symbol Description Maximum Unit
loHL Peak Output Current of Low/High-side Upper Transistor 1.5 A
loLL Peak Absorption Current of Low/High-side Upper Transistor 1.8 A
ILpos 5V LDO Output Current 50
Ivop Total Current Through VDD/VDDaPower Lines (Supply Current) 105
lvss Total Current Through Vss Ground Lines (Outflow Current) () 105
Output Sink Current on Any I/O and Control Pin 60 mA
|
° Output Source Current on Any 1/O and Control Pin 60
Iingeiny @ Injection Current on Pin ©) -5/+0
Zlinyeiny Total Injection Current on All I/O and Control Pins -25/+0

(1). All power (VDD,

allowable range.

(2). Reverse injection current can interfere with the analog performance of the device.

VDDa) and ground (Vss, Vssa) pins must always be connected to an external power supply system within the

(3). When Vio >VDD, there is a forward injection current; When Vio < Vss, there is a reverse injection current. The absolute value of the
injection current must not exceed the specified range.

(4). When several 1/O pins have injection currents simultaneously, the maximum value of Y lins (pin, is the sum of the instantaneous absolute
values of the forward and reverse injection currents.
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5.1.3 Limit Temperature Characteristics
Table 5- 3 Limit Temperature Characteristic
Symbol Description Minimum Maximum Unit
Tste Storage temperature range -40 125 °C
T Maximum junction -40 125 oC
temperature
5.2 Operating Parameters
5.2.1 Recommended Operating Conditions
Table 5-4 Recommended Operating Condition
Symbol Description Minimum Maximum Unit
ViN Power supply voltage range 5.50 36 \%
Vipos 5V LDO output voltage range 4.80 5.10 Vv
ILpos 5V LDO output current range - 50 mA
Vo Vho1,VHo2,VHos VS-0.3 VB+0.3 Vv
Vio Vio1,Vioz,Vios -0.3 15 \Y
fecLkz2 Internal APB2 Clock Frequency - 48
fecLki Internal APB1 Clock Frequency - 48 MHz
fecLkz2 Internal APB2 Clock Frequency - 48
VDD Standard Operating Voltage 2.2 5.5 \Y,
Vrerp (D Analog Operating Voltage 2.2 5.5 \%
T Operating Temperature -40 105 °C
(1). VDD and Vrerp are Internally Connected.
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5.2.2 BOR Characteristics
Table 5-5 BOR Characteristics
Symbol Parameter Gear Minimum Typical Maximum Unit
VBoro 2.34 2.42 2.46
VBoR1 2.75 2.83 2.91
VBoRr2 3.24 3.29 3.35
BOR Detection Level Selection Veors 3.66 3.72 3.81
(VDD Rising Edge) (-40°C ~105°C) Veors 407 415 426
VBoRs 4.45 4.58 4.71
VBoRs 4.87 497 5.29
VBoR? 5.25 5.44 5.58
Veor(" \Y
VBoRro 2.1 2.24 2.31
VBoR1 2.55 2.63 2.68
VBoR2 2.91 3.05 3.09
BOR Detection Level Selection Veors 3.32 3.44 3.51
(VDD Falling Edge) (-40°C~105°C) Veors 368 383 3.91
VBoRs 411 4.23 4.33
VBoRrs 4.51 4.61 4.71
VBoR7 4.79 5.02 5.12
VBoRhyst BOR Hysteresis - 150 - 400 mvV
tsorrsT® Effective Time - - 10 - us
(1) BOR only monitors VDD.
(2) Design guarantee.
5.2.3 On/Off Reset Characteristics
Table 5-6 On/Off Reset Characteristics
Symbol Parameter Condition Minimum Typical Value Maximum Unit
N On/Off reset Falling edge 1.67 1.92 2.16 \%
threshold Rising edge 1.85 2.08 235 v
VPDRhyst PDR hysteresis - 140 160 170 mV
trsTTEMPO @ Reset time - - 2 - ms
(1) PDR and POR only monitors VDD.
(2) Design guarantee.
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5.2.4 Internal Reference Voltage

Table 5-7 Internal Reference Voltage Characteristics

Symbol

Parameter Condition Minimum

Typical Value

Maximum

Unit

VREFINT

Internal
Reference
Voltage

-40 ~105°C - 0.8

5.2.5 Operating Current Characteristics

Table 5-8 Operating Current Characteristics

Symbol

Condition

VDD=5V

-40°C

25°C

105°C

Unit

SYSCLK= 48MHz;

II'Ul'l

Run Mode

Enable LSI, and turn off the remaining peripherals;
All 10s are configured as high impedance state;
To retrieve data from Flash, Flash reads for 2 waiting cycles.

7.35 | 7.63

7.89

mA

SYSCLK= 8MHz;

Enable LSI, and turn off other peripherals;
All I0s are configured to high impedance state;
Read the value from Flash, and Flash reads 0 waiting cycles.

1.9 2

3.7

mA

SYSCLK= 40kHz;

All' 10s are configured to high impedance state;
Enable LSI, and turn off other peripherals;
The value is read from Flash, and Flash reads 0 waiting cycles.

0.531 | 0.656

0.687

mA

Isieep1 Sleep Mode 1

SYSCLK= 48MHz;

AHB/APB is enabled;
Turn off the core clock and all peripherals;

RAM and peripheral data are maintained.

All' 10s are configured to high impedance state;

4.48

4.68

5.21

mA

|Sleep2

Sleep Mode 2

SYSCLK= 8MHz;

AHB/APB is activated;
Turn off the core clock and all peripherals;

RAM and peripheral data are maintained.

All' 10s are configured to high impedance state;

1.59

1.67

1.81

mA

Wake up time

1.63

us

|Sleep3

Sleep Mode 3

SYSCLK=40kHz;

AHB/APB is enabled:;
Turn off the core clock and all peripherals;

RAM and peripheral data are maintained.

All 10 configurations are set to high impedance state;

753

808

938

HA

Wake up time

83

us
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Symbol Mode Condition VDD=5V Unit
All clocks stop, HSI and HSE oscillators are turned off, LSI
oscillator is turned on, and all peripherals are turned off;
the LDO operates in the normal power consumption mode;
All' 10s are configured as high-impedance state; 300.5 | 353.2 | 487.8 | pA
Istop Stop Mode | Backup register is maintained; CPU, RAM, and peripheral data are
maintained.
Wake up time 6.25 - us
All clocks stop, HSI and HSE oscillators are turned off, LSI
oscillator is turned on, and all peripherals are turned off;
LDO operates in low power consumption mode, with all
peripherals turned off; 8.83 54.3 MA
| LowPower All' 10s are configured to high impedance state;
LPstop Stop Mode Backup register is maintained; CPU, RAM, and peripheral data are
maintained.
Wake up time 57 - us
5.2.6 External High-speed HSE Clock Characteristics
Table 5-9 HSE Clock Characteristics
Symbol Parameter Condition Minimum T\!I,:IIS:I Maximum Unit
fosc_n Oscillator clock frequency - 4 - 32 MHz
Re) Feedback resistor - - 1.1 - MQ
Tsto Hsg, @ Oscillator start time Vss < Vio< VDD - 0.7 1.8 ms
Recommended load
capacitance resistance
] minus the equivalent series - 12 - pF
capacitance of crystal
oscillator (Rs)
Power consumption of = =
0] = = - -
lob (HsE, HSE oscillator VDD=3.3V, CL=12pF 400 A

(1) Design guarantee.

(2) Tst HsE, refers to the time from the start of HSE to the output of stable frequency signals.

MCU integrates a HSE negative feedback crystal oscillator circuit inside, and the recommended oscillation circuit
outside the chip is shown in the following figure:
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Figure 5-1 HSE negative feedback crystal oscillator

MCU also supports direct input of a clock signal through OSC_IN. The clock signal requirements are as follows.

Table 5-10 External clock Input Characteristics

Symbol Parameter Condition Minimum Tz:::::‘ Maximum Unit
User external clock source
fusE_ext frequency - 4 - 32 MHz
DuCy msg, (V Duty cycle - 45 - 55 %
(1) Design guarantee.
5.2.7 Internal High-speed HSI Clock Characteristics
Table 5-11 HSI Clock Characteristics
Symbol Parameter Condition Minimum T\);:;::I Maximum Unit
frsi Clock frequency - - 48 - MHz
DuCy s, (W Duty cycle - 45 50 55 %
After the user calibrates the A ) 1
Oscillat RCC_CR register
ACC s, asg&:;:r %
y Factory calibration Ta= -40 ~ 13 ) 10
+105°C ) )
Tao s, OSC"'t‘."‘tor start Vss < Vin< VDD ; 8 11 us
ime
Power
Ioo s, M consumption of 48MHz, VDD=5V - 115 145 pA
oscillator
(1) Design guarantee.
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5.2.8 Internal Low-speed LSI Clock Characteristics
Table 5-12 LSI Clock Characteristics
Symbol Parameter Condition Minimum T\)I,:IIS:I Maximum Unit
fisi Clock frequency - - 40 - kHz
Teu s, (! Oscillator start time Vss< Vin< VDD - 50 150 us
Iop si, (! Power consumption of ) ) 250 ) nA
oscillator
(1) Design guarantee.
5.2.9 PLL Characteristics
Table 5-13 PLL Characteristics (1)
Symbol Parameter Minimum T\!/,;I::I Maximum Unit
Input clock frequency 2 - 48 MHz
frL N
Input clock duty cycle 45 50 55 %
feLL_out Output clock frequency 6 - 48 MHz
tLock Phase-locking time - 60 150 us
(1) Design guarantee.
5.2.10 Characteristics of Flash Memory
Table 5-14 Characteristics of Flash Memory
Symbol Parameter Minimum Typical Value Maximum Unit
Teroc Word Write Time 62 62 102 uS
Page Erase Time 100 100 200 ms
Terase
Chip Erase Time 100 100 200 ms
IpoproG Word Write Current - - 8 mA
Page/Chip Erase
IbDERASE Current - - 9 mA
Read Current @
IbbreAD 25MHz - 3 mA
Erase-Write
Neno Endurance 100 - - K Cycles
tReT Data Retention Time 10 - - years
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5.2.11 10 Input Pin Characteristics
Table 5-15 10 Input Pin Characteristics
Symbol Parameter Condition Minimum T\),’:;S:I Maximum | Unit
ViH Input High Level VDD=3.3V 0.65*VDD - - \%
Vi Input Low Level VDD=3.3V - - 0.2*VvDD \%
ViHnys Input High Level VDD=3.3V 0.65*VDD - - \%
ViLhys Input Low Level VDD=3.3V - - 0.2*VvDD \%
Vigs Schmitt Trigger Hysteresis VDD=3.3V ) ) 0.2*VDD mv
Voltage
VDD=3.3V; 0<V|0<3.3V - 5 - nA
likg Input Leakage Current
VDD=3.3V; Vio=5V - 5 - nA
Rpu Pull-up Resistor Vio=Vss - 33 - kQ
Rrp Pull-down Resistor Vio=VDD - 33 - kQ
Cio™ I/O Pin Capacitance - - - 10 pF
(1) Design guarantee.
5.2.12 10 Output Pin Characteristics
Table 5-16 10 Output Pin Characteristics
Sy Parameter Condition Minimum Typical Maximum Unit
ol Value
Vo Output High Level 24V <VDD <55V 0.8*VDD - - Vv
VoL Output Low Level 24V <VDD <55V - 0.2* VDD Vv
5.2.13 NRST Reset Pin Characteristics
A pull-up resistor is integrated inside the NRST pin, and the periphery can be connected to any circuit or an
external RC circuit.
Table 5-17 NRST Pin Input Characteristics
Symbol Parameter Minimum Typical Value Maximum Unit
Thoise Low level is ignored - 80 ns
5.2.14 TIM Counter Characteristics
Table 5- 18 TIM1 Characteristics (")
Symbol Condition Minimum Maximum Unit
Fexr Timer external clock frequency for CH1 to CH3 - frimxcLk/2 MHz
(1) Design guarantee, frimxcik = 48MHz.
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Table 5-19 TIM2/3 Characteristics

Symbol Condition Minimum Maximum Unit
Fexr Timer external clock frequency for CH1 to CH4 - frimxcLk/2 MHz
(1) Design guarantee, frimxcik = 48MHz.
5.2.15 ADC Characteristics
Table 5-20 ADC Characteristics
Program Describe Condition Minimum T\!/I;'S:' Maximum Unit
Analog supply
VDD voltage when ADC - 2.0 5 5.5 Vv
is on
Positive reference
VREFP voltage - 2.0 5 5.5 \Y,
Negative reference
VREFN voltage - 0 0 0 Vv
ADC clock
fanc frequency - 0.3 12 24 MHz
fs ™ sampling frequency fanc = 12MHz - 0.857 - MHz
Ext L tri - - 705 kHz
frric (¥ Xf?énier:lgger faoc = 12 MHz
q y 17 - - Cycles
v Conversion voltage ) v ) V. v
AIN range REFN REFP
Rain ™ External input Please refer to Table 5-25 for details kQ
impedance
Sampling switch
Q)] - - -
Raoc resistance 2 kQ
) sample-and-hold ) ) )
Caoc capacitor S pF
JitterADC ADC t.rlgg_er - - 1 - Cycles
conversion jitter
ts™M Sampling time fanc = 12MHz 1.5 - 239.5 Cycles
The total conversion fanc = 12MHz:
teony () time includes the Aoe _’ 14 - 252 Cycles
sampling time 12bit resolution
(1) Design guarantee.
(2) The specified values only include the ADC timing. It does not include the delay of register access.
The calculation formula for the maximum input impedance RAIN needs to satisfy:
R < Ts _R
AN fapc % Capc * IN(2N*2) AoC
Among them, the value of N resolution is 12.
The allowable error is less than 1/4 LSB Least Significant Bit, LSB.
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Table 5-21 Maximum Input Impedance (fADC =12 MHz)

Sampling Period Ts (Cycles) Sampling Time ts (ps) Maximum Input Impedance (kQ)

1.5 0.125 0.577
7.5 1.6 10.8

13.5 1.125 211

28.5 2.375 46.9
41.5 3.458 69.3
55.5 4.625 93.3
71.5 5.958 120.8

239.5 19.958 409.5

Table 5-22 ADC Accuracy

Symbol Parameter Test Conditions T\)I(plcal Maximum | Unit
alue
ET Total unadj(tf)stable } 13
error
EO Offset error - 3
EG Gai . VDD=VRerr=5V, 5 LSB
ain error -
faoc = 12 MHz,
ED D|fferent|a(l4l)|near } 2
error
EL Integral linear error ) - 3

(1). Total non-adjustable error: the maximum deviation between the actual transfer curve and the ideal transfer curve.

(2). Offset error: The deviation between the first actual conversion and the first ideal conversion.

(3). Gain error: The deviation between the last ideal transition and the last actual transition.

(4). Differential linear error: the maximum deviation between the actual step and the ideal step.

(5). Integral linear error: The maximum deviation between any actual transition and the end point correlation line.
Explain:

e ADC accuracy and negative injection current: Avoid injecting negative current on any standard non-robust
analog input pin, as this can significantly reduce the accuracy of performing conversions on another
analog input pin. It is recommended to add a Schottky diode pin to the standard analog pin that may inject
negative current to ground.

e Better ADC performance can be achieved within a limited range of Vppa, frequency, and temperature.

e The data is based on characterization results and has not been tested in production.
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Figure 5-2 ADC Accuracy Characteristics

L Sample and Hold ADC
Converter

Rapce 12-bit

converter
VT I, +1
Canc
—

L

Ran AlNx
) r
; L
J_C parasitic

Figure 5-3 Typical Connection Diagram of ADC

(1). The ADC characteristics of RADC and CADC values are shown in Table 5- 24.

Crarasitic equals PCB capacitance depending on soldering and PCB layout quality plus pad capacitance of
approximately 7 pF. A too high tangential value will reduce the conversion accuracy. To compensate for this, fanc
should be minimized.

Recommendations for PCB design for ADC sampling: power decoupling should be carried out according to Figure
6-1. To ensure the accuracy of ADC conversion, it is recommended to use ceramic capacitors with a capacitance of
10 nF and place them as close to the chip as possible.
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5.2.16 DAC Voltage Divider Characteristics
Table 5-23 DAC Voltage Divider Characteristics
Program Describe Condition Minimum Typical Value Maximum Unit
Analog
power
VDD supply - 5 55 Vv
voltage
when DAC
is turned on
Output DAC buffer is
Ro impedance activated ) / ) kQ
Output DAC buffer is
(1) - -
lour current activated 2 mA
(1) Design guarantee.
5.2.17 Characteristics of Voltage Comparator COMP
Table 5-24 COMP Characteristics
Program Describe Condition Minimum Te;::::‘ Maximum Unit
Analog power supply )
VDD voltage 22 5 55 \Y,
Input common mode
VCOI’TI Voltage = 02 = 53 V
Input differential mode Low-power Low -speed mode - - 40
Vit voltage mV
High-power high-speed mode - - 10.5
Gear 1 - 0 -
Vhy Hysteresis voltage Gear 2 - 10 - mV
Gear 3 - 20 -
Working current Low-power Low -speed mode 1.405 2.81 3.74
lop (VDD=5V, static power HA
consumption) High-power high-speed mode 222 38.55 42.42
High power consumption and high
speed mode 28.67 42.81 79
Rising edge
Low power consumption and low
speed mode 142.3 287.4 753.4
Tay™ Output delay (No delay) Rising edge ns
High-power high-speed mode
Descending edge 30.62 57.8 7213
Low-power Iovy-speed mode 206.5 597.2 849.8
Descending edge
(1) Design guarantee.
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5.2.18 Characteristics of Operational Amplifier OPAMP

Table 5-25 OPAMP Characteristics

Program Describe Condition Minimum T\)IIEIIS:I Maximum Unit
VDD Analog power supply ) 27 5 55 v
voltage
Vour output voltage - 0.2 - VDD»-0.2 \%
CMIR Input common mode ) 0 ) 55 v
voltage
Ibiast® Input bias current - 0.8 1 1.2 pA
lioad Output current R.=100Q, VDD=5V - 6 - mA
Iq Working current Static mode - - 1100 MA
1@ leakage current Operational amplifier turned off - 2.00 170.00 nA
Before calibration - +15 - mV
Vos Input bias voltage
After calibration - 2.5 - mV
CMRR® Common mode - 51 - 145 4B
rejection ratio
pSRR@ | Power supply rejection - 41 70 109.4 4B
ratio
UGF unit gain bandwidth - - 6 6.4 MHz
(5%-95%) rising 5.213 6.251 8.061
SR Pressure swing rate V/us
(5%-95%) falling 5.278 6.571 8.679
(0] Phase margin - 47.09 70.93 84.58 Deg
Gear 1 - 1 -
Gear 2 - 2 -
Gear 3 - 5 -
Gear 4 - 8 -
PGA gain PGA gain times
Gear 5 - 10 -
Gear 6 - 14 -
Gear7 - 16 -
Gear 8 - 20 -

(1) Please ensure that the operational voltage of the operational amplifier is between 2.7V and 5.5V, and that the operational voltage of other

peripherals can be lower than 2.7V,

(2) Design guarantee.
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5.2.19 Dynamic Electrical Characteristics of Three-phase Gate Driver

Table 5-26 Dynamic Electrical Characteristics of Three-phase Gate Driver (1)

Parameter Minimum ypical Maximum | Unit
Value
Opening delay of the upper tube TonH - 260 450 ns
Upper tube shutdown delay TorFH - 50 200 ns
Opening delay of lower tube TonL - 260 450 ns
Lower tube shutdown delay TorrL - 50 200 ns
Dead Zone Time DT - 250 350 ns
delay matching time MT - 10 50 ns
Opening up the rise time Tr - 20 50 ns
Turn off the falling time TF - 20 30 ns
(1)  Test conditions: Vin=24.0V, load capacitance C. =1000pF, ambient temperature Ta=25C.
5.2.20 Electrical Characteristics of Three-phase Gate Driver
Table 5-27 Electrical Characteristics of Three-phase Gate Driver
Parameter Test conditions Minimum Te,’:::::l Maximum | Unit
Working current
IviN_oFF HIN, LIN suspended - 500 800 uA
VN quiescent current
Ivin_on HIN, LINis “1” - 500 800 uA
Leakage current Ik Ve=Vs=60V - 0.1 - uA
PWM logic input characteristics
Logical high voltage VinH - 2.0 - 5.0 \Y
Logic low voltage VinL - 0 - 0.8 \%
Pull down resistor Rep - - 140 200 kQ
Protection features
VBS UVLtarreizir?gdprotection Vasuv R ) ) 360 ) v
VBS UVLtﬁredsrr?gl é)rotection Vasuv r ) ) 330 ) v
VBS UVLO hysteresis Vesuv_H - - 300 - mV
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Parameter Test conditions Minimum frEeal Maximum | Unit
Value
VCC UVLO rise protection
threshold Vceouwv_ R - - 3.60 - \Y;
VCC UVLO drop protection
threshold Vecuv r - - 3.30 - \Y;
VCC UVLO hysteresis Vceuv_H - - 300 - mV
Output drive capability
Low side/high side upper tube _
output voltage Vort 10=20mA - 95 - mV
Low side/high side lower tube _
output voltage VoLL 10=20mA - 35 - mV
Low side/high side upper tube _ _ ) )
output peak current lorw Vo=0, Vin=bV 1.5 A
Low side/high side Lower tube _ _
absorption peak current low Vo=15V, Vin=0V ) 1.8 ) A
When the HIN signal
is transmitted normally to the HO, a Vsn Ves=12V - -10.0 - \%
negative VS voltage is allowed
5.2.21 LDO Output Characteristics
Table 5-28 LDO Output Characteristics
Parameter Test Conditions Minimum T\);::S:I Maximum Unit
Gate output voltage Ve - - 13.0 - \Y
VCC output voltage VCC ViN=24V, external NPN 8050 - 12.0 - \%
5V LDO output voltage Vipos - 4.80 4.95 5.10 Y
5V LDO output current ILpos - - 50 - mA
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6 Typical Circuit

6.1 Power Supply

(1) ()
VIN RO Q1 VCC — 5V voltage
- regulator
VG
L]
10uF+ VDDA/VDD — I .
® voltage | Core logic
lOUF__ 0-1uF 1 v regulator (CPU,
T T T Vssa/Vss _ | digital&mem
" ory)
p—
—
Analog RC, PLL
ADC
.

ouT +

o
- =1
a0 [ J— 5 | Logi
IN B&l ¢

pe

w

Figure 6-1 Power Diagram

(1).  When Vi is greater than 12V, the heat dissipation of Q1 can be optimized by adjusting the resistance of RO.

(2).  When Vins12V, Vin and Vce can be directly short-circuited, and Q1 and RO may not be required. When Vin>12V, it is recommended to
retain Q1 to improve power stability.

(3). When the power supply voltage is within 30V, the reference circuit in Figure 6-1 can be used. If the power supply voltage is above 30V, an
additional 12V power supply is required to supply Vcc.
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7 Pin Definition

This series of chips defines the WQFN6x6-48 package, and this chapter introduces the pin definitions for each

package.
7.1 WQFN6x6-48 Package

~

PA1/AIN1
PA3/AIN3
PA4/AIN4
PA2/AIN2
PA5/AINS
PA6/AING
PA7/AIN7
PA8/AINS
PA9/AIN9

PA10

PA13

=

] (=] (8] L] [=] [ [= Lo [ L [+ 1

1

PA14 1

N

Ve

46 PC11/HSE_OUT
45 PC10/HSE_IN
IE PC9/SWDIO

24

w

N

N

N

][] ][] o] | [ ] ][] ][] [

[}

wn

w

N

o

%]

co

wn

J/

PB15

PB14

PB13

VS1

HO1

VB1

VS2

HO2

VB2

VSs3

HO3

VB3

Figure 7-1 Pin Diagram

7.2 Definition of Pins for Each package

Table 7-1 Definition of Pins for Each Package

Lo1

/

VSS

Pin Name Pin | Support . L
WQFREXE- | (Default Function | Type | 5V R Pin Additional Function
After Reset) (1) Tolerance
ADC_IN1
1 PA1 I/0 FT - EXTINA
ADC_IN3
2 PA3 I/0 FT COMP3_OUT OPA2_INN1
EXTIN3
CKI_1
3 PA4 I/0 FT COMP1_OUT ADC_IN4
EXTIN4
TIM3_CH1 ADC_IN2
4 PA2 I FT - -
0 COMP4_OUT OPA2_0OUT1
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Pin Name Pin Support
(Default Function | Type 5V
After Reset) (1) | Tolerance

WQFN6X6-
48

Pin Multiplexing

L Pin Additional Function
Function

EXTIN2

ADC_IN5
DAC1_OUT
EXTIN5

COMP2_OUT

PA | FT
° ° 0 TRACE_TX

ADC_IN6
6 PAG /0 FT RCC_MCO COMP1_INP1
EXTING

ADC_IN7

OPA1_OUT1

COMP2_INP1
EXTIN7

7 PA7 /0 FT -

ADC_IN8
OPA1_INN1
COMP3_INP1
EXTINS

8 PA8 /0 FT RCC_MCO

ADC_IN9
COMP4_INP1
9 PA9 /0 FT - OPA1_INP2
OPA2_INP2
EXTING

COMP1_INNO
COMP2_INNO
COMP3_INNO
COMP4_INNO
OPA3_INP1
EXTIN10

10 PA10 110 FT -

OPA1_INP1
11 PA13 /0 FT - OPA2_INP1
EXTIN13

OPA1_PGA N
OPA2_PGA N
COMP1_INPO
COMP2_INPO
COMP3_INPO
COMP4_INPO
OPA3_INPO
EXTIN14

12 PA14 110 FT -

13 GND S - VSS/VSSA

OPA1_INPO
14 PB1 110 FT - OPAZ2_INPO
EXTINA1

TIM1_CH3N
15 PB2 I/0 FT TIM1_CH1 EXTINZ2
TIM1_CH1N
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Pin Name Pin Support . . n
WQT;GXG' (Default Function | Type 5V Pin ,'ﬁnu“r:ggf:'“g Pin Additional Function
After Reset) (1) | Tolerance
16 PB8 /0 FT TIM1_ETR EXTINS
17 PB9 110 FT TIM1_BKIN EXTIN9
18 Vin S - Chip power supply and LDO5 power input pin
19 VG S - External NPN base connection pin
20 vee s ) 12V LDO output pin, conneited tg the emitter of an external NPN
ransistor
21 LDO5 S - 5V LDO output pin
22 LO3 (0] - Low-side gate driver output of channel 3
23 LO2 (0] - Low-side gate driver output of channel 2
24 LO1 (0] - Low-side gate driver output of channel 1
25 VB3 S - Channel 3 high side floating power supply
26 HO3 (0] - High-side gate driver output for channel 3
27 VS3 S - Channel 3 high side floating ground
28 VB2 S - Channel 2 high side floating power supply
29 HO2 (0] - High-side gate driver output for channel 2
30 VS2 S - Channel 2 high side floating ground
31 VB1 S - Channel 1 high side floating power supply
32 HO1 (0] - High-side gate driver output for channel 1
33 VS1 S - Channel 1 high side floating ground
TIM1_CH1N
34 PB13 /0 FT TIM1_CH3N EXTIN13
SPI_MISO
UART1_RX/UART1_TX
TIM1_CH2N
35 PB14 110 FT SPI_MOSI EXTIN14
UART1_TX/UART1_RX
TIM1_CH3N
36 PB15 /0 FT TIM1_CH1N EXTIN15
[°C_SDA
UART1_DE
PC0/BOOTO TIM1_ETR
37 (PCO) 110 FT ADC_EXT_TRIG EXTINO
TIM2_CH4
TIM2_CH3
38 PC1 /0 FT SPI_CLK EXTINA1
TIM2_CH2
39 PC2 /0 FT TIM3_CH3 EXTIN2
SPI_CS
40 PC3 /0 FT TIM2_CH1 EXTIN3
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WQFN6X6- Pin Name Pin | Support Pin Multiplexin
48 (Default Function | Type 5V Funct‘:on 9 Pin Additional Function
After Reset) (1) | Tolerance
TIM3_CH2
SPI_MISO
TIM3_CHA1 CKI_3
41 PC4 110 FT SPI_MOSI OPA3_INP2
TRACE_TX EXTIN4
42 PCTNRST 110 FT TIM3_CH4 NRST
(PC7) - EXTIN7
PC8/SWCLK CMD_SWCLK COMP1_INN1
43 (SWCLK) 110 FT UART1_TX/UART1_RX EXTIT\IB
ADC_EXT_TRIG
PC9/SWDIO CM0_SWDIO COMP2_INN1
44 (SWDIO) 110 FT UART1_RX/UART1_TX EXTI?\IQ
ADC_EXT_TRIG
HSE_IN
45 PC10/HSE_IN /o COMP3_INN1
(PC10) ) ) OPA3_INN1
EXTIN10
HSE_OUT
46 PC11/HSE_OUT /o COMP4_INN1
(PC11) i i OPA3_OUT2
EXTIN11
47 VDD/VDDA S - Digital/analog power supply
CKI 4
48 PAO 110 FT - ADC_INO
EXTINO

(1). Irepresents input, O represents output, I/O represents input/output, and S represents power supply.

Explain:

e Unless otherwise specified, all I/O are set to analog input during and after reset.

e  For pin multiplexing functions, please refer to the "Pin Multiplexing AF Function Table".
7.3 Pin Multiplexing AF Function Table

Table 7-2 Pin Multiplexing AF Function Table

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PC8 SWCLK ADCﬁ'IEé(T—T - - - - UART1_TX -
PC9 SWDIO ADCﬁFé( T - - - - UART1_RX -
PC10 - - - - - - - -
PC11 - - - - - - - -
PAO- ) ) } ) } } } }
AINO

PA1- - - - - - - - -
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Pin

AF0

AF1

AF2

AF3

AF4

AF5

AF6

AF7

AIN1

PA2-
AIN2

COMP4_OUT

TIM3_CH1

PA3-
AIN3

COMP3_OUT

PA4-
AIN4

COMP1_OUT

PA5-
AINS

COMP2_OUT

TRACE_TX

PAG-
AING

RCC_MCO

PA7-
AIN7

PA8-
AIN8

RCC_MCO

PA9-
AIN9

PA10

PA13

PA14

PB1

PB2

TIM1_CH3N

TIM1_CHA1

TIM1_CHA1
N

PB8

TIM1_ETR

PB9

TIM1_BKIN

PB13

TIM1_CH3N

TIM1_CHA1
N

UART1_RX

SPI_MIS
o)

PB14

TIM1_CH2N

TIM1_CH2
N

UART1_TX

SPI_MOS
|

PB15

TIM1_CH1N

TIM1_CH3
N

UART1_DE

12C_SDA

PCO

ADC_EXT_T
RIG

TIM1_ETR

TIM2_CH4

PC1

TIM2_CH3

SPI_CLK

PC2

TIM2_CH2

TIM3_CH3

SPI_CS

PC3

TIM2_CHA1

TIM3_CH2

SPI_MIS
o)

PC4

TIM3_CH1

TRACE_TX

SPI_MOS
|

PC7-
NRST

TIM3_CH4
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8 Packaging Parameters

8.1 Package Size
8.1.1 WQFN6x6-48 Package

WQFN6x6-48 is 6 mm x 6 mm, with a 0.4 mm pitch.

A3

/>P\N 1(Laser Mark)

e

TOP VIEW

SIDE VIEW

D2

L

UUUUUIUUUUU

UUUUUUIUUUUUU
|
[
|
|
\F
|
|
[
|

—
.’
mmmmgmf

E2

AIANANANANN

EXPOSED THERMAL
PAD ZONE

BOTTOM VIEW

Figure 8-1 WQFN6x6-48 Package Size

Table 8-1 WQFN6x6-48 Package Size Parameter

Symbol Minimum(mm) Typical Value(mm) Maximum(mm)

A 0.70 0.75 0.80
A1 0 0.02 0.05

A3 0.20REF

D 5.90 6.00 6.10

E 5.90 6.00 6.10

D2 4.15 4.20 4.25

E2 4.15 4.20 4.25

b 0.175 0.20 0.225

L 0.375 0.40 0.425

h 0.35

e 0.40BSC

K 0.475 0.50 0.525
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9 Acronyms

Abbreviation Full Name
ADC Analog-to-Digital Converter
AHB Advanced High-Performance Bus
APB Advanced Peripheral Bus
AWU Auto-Wakeup
CSS Clock Security System
CTS Clear to Send
DMA Direct Memory Access
EXTI Extended Interrupts and Events Controller
GPIO General Purpose Input Output
HSE High Speed External (Clock Signal)
12C Inter-Integrated Circuit
12S Inter-IC Sound
IWDG Independent Watchdog
LSI Low-Speed Internal (Clock Signal)
MCU Microcontroller Unit
MSPS Million Samples Per Second
NVIC Nested Vectored Interrupt Controller
PDR Power-Down Reset
PGA Programmable Gain Amplifier
PLL Phase Locked Loop
POR Power-On Reset
PPM Parts per Million
PWM Pulse Width Modulation
RCC Reset and Clock Control
RISC Reduced Instruction Set Computing
RTS Request to Send
SPI Serial Peripheral Interface
SRAM Static Random Access Memory
SWD Serial Wire Debug
UART Universal Asynchronous Receiver Transmitter
WWDG Window Watchdog
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10 Version History

Version Date Changes

Rev.1.0 2025-06-03 Initial release

Rev.A.1 2025-07-15 Modified: Se.ction 9 "Acrc.)nym.s" (removed Description in Chinese)
Added: Section 10 "Version History"
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Disclaimer

MetaWells Co., Ltd. and all other MetaWells Co., Ltd. trademarks are the exclusive property of MetaWells
Co., Ltd.. Any mention of additional trademarks or registered trademarks in this document is made in
acknowledgment of their respective owners.

Without the consent of MetaWells Co., Ltd. , any modification to any part or subsection of the company's
product specifications and datasheets is strictly prohibited in any form or manner. MetaWells Co., Ltd.
reserves the right to modify datasheets and/or products, discontinue any product, or terminate services
without prior notice. It is recommended that customers obtain the latest version of relevant information and
verify its timeliness and completeness before placing an order. All products are sold in accordance with the
terms and conditions provided in the sales contract at the time of order confirmation, which includes warranty
scope, intellectual property rights, and liability limitations.

During the sales period, MetaWells Co., Ltd. guarantees that the performance of the products will be in
accordance with the company's standard warranty. The company utilizes testing and other quality control
techniques to ensure the necessity to maintain this warranty. Except for government-mandated requirements,
there is no need for special testing of measurement tables or other instruments.

Customers must acknowledge that our products are not intended or manufactured for use in life support
systems or other high-risk activities or environments. The utilization of our products in such applications may
lead to severe consequences, including personal injury, loss of life, property damage, or environmental harm.
Our products are explicitly not warranted for deployment in high-risk activities, and we shall bear no
responsibility towards customers or third parties for such usage.

MetaWells Co., Ltd. commits to providing technical support, assistance, advice, and information, in line with
our current capabilities, including guidance related to the design, development, or debugging of purchased
boards or other applications. However, we hereby disclaim all warranties concerning technical support,
merchantability, or fithess for a particular purpose. We do not guarantee the error-free operation of boards or
applications in conjunction with our support services, and we shall not be held liable for any consequences
arising from the utilization of our support services.

Copyright© MetaWells Co., Ltd. 2024

Website: www.MetaWells.com
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