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N32G033xX Datasheet

N32G033 series based on Arm® Cortex®-MO0, run up to 64MHz, supports fast FLASH execution of
instructions, up to 64KB embedded Flash, 6KB SRAM, integrated analog interface, 1x12bit 1Msps ADC,
3x differential rail to rail operational amplifiers, 1x high-speed comparator, 1x NTC, 4x
complementary electronic control TIM, integrated 3x UART, 2x 12C, 2x SPI communication interfaces,
1x 3-channel DMA.

Key features

® Core
— A 32-bit general-purpose microcontroller based on the Arme Cortexe-MO core, Single-cycle hardware multiply
instruction
— Run up to 64MHz
® Encrypted memory
— Up to 64KByte embedded Flash memory, data 100,000 cycling and 10 years of data retention
— SRAM of 6KB, STOP modes can be configured as retention
® | ow-power management
— Run mode: all peripherals configurable
— STOP mode: TIM6, IWDG, UART3, COMP configurable operation, SRAM retention, all 10 retention
® Clock
— HSI_64M: Internal high-speed RC OSC 64MHz
— LSI: Internal low-speed RC OSC 32KHz
— MCO: Support 1-way clock output, configurable SYSCLK, HSI, and LSI clock output.
® Reset
—  Support power-on/power-off/external pin reset
— Support watchdog reset, Support software reset
® Communication interface
— 3XUART, Supports asynchronous mode, multiprocessor communication mode, single-wire half-duplex mode,
hardware 485 mode, UART3 supports low-power wake-up.
— 2xSPI, up to 16 MHz
— 2x12C, up to 1 MHz, configurable master/slave mode
® 1xDMA, 3-channel, channel source address and destination address can be arbitrarily configurable
® Accelerator
—  Supports 32-bit signed/unsigned dividers
— Supports 32-bit unsigned Square root
® Analog interface
— 1x12bit 1Msps ADC, up to 11 external single-ended input channels
— 3rail to rail differential operational amplifiers, built-in bias 1.8V, 1/2 VDDA, 1/4 VDDA, built-in maximum 32x
programmable gain amplifier
— 1 high-speed analog comparator with built-in 256 level adjustable comparison benchmark

— Support internal NTC
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— Internal independent reference voltage reference source
— Internal integrated voltage inspection(PVD)
® Supports up to 29 GPlos that support reuse functionality
® Timer counter
— 1x16-bit advanced timer counters, support input capture, complementary output, each timer support 7 independent
channels. 4 channels support 8 complementary PWM outputs
— 1x16-bit general purpose timer counters, 4 independent channels, supports input capture/output compare/PWM
output
— 1x32-bit general purpose timer counters, 3 independent channels, supports input capture/output compare/PWM
output
— 1x32-bit basic timer counters, supports low-power wake-up.
—  1x24-bit SysTick
— 1x14-bit Independent watchdog (IWDG)
® Programming mode
— Support SWD online debugging interface
— Support UART Bootloader
® Security features
— Support write protection(WRP)
— Support multiple read protection(RDP) levels (LO/L1/L2)
® 96-bit UID and 128-bit UCID
® \Working conditions
— Operating voltage Range: 2.0V~5.5V
— Operating Temperature Range: -40°C~105°C
® Package
—  QFN32(5 x 5mm)
—  QFN32-1 (4 x 4mm)
—  LQFP32
—  QFN20
— QFN20-1
— UFQFPN20
— TSSOP20
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1 Product introduction

N32G033 family of microcontrollers features an ARM Cortex®-MO core. Maximum operating main frequency
64MHz, integrated up to 64KB of in-chip encrypted storage Flash, maximum 6KB of embedded SRAM. It has an
internal high speed AHB bus, a low speed peripherals clock bus APB and bus matrix. It supports up to 29 reusable I/
Os and provides arich array of high performance analog interfaces, including 1x 12-bit 1Msps ADC, up to 11 external
input channels, and 3x differential rail to rail operational amplifier , 1 high-speed comparator, 4-channel
complementary electronic control TIM, supporting 32-bit signed/unsigned dividers, supporting 32-bit unsigned
Square root. At the same time, it provides a variety of digital communication interfaces, including 3x UART, 2x 12C,
2x SPI communication interface.

N32G033 series products can operate stably in a temperature range of -40<T to +105<C, with a power supply voltage
of 2.0V to 5.5V, including STOP power mode, meeting the requirements of low-power applications. This series of
products offers different packaging forms with a maximum of 32 pins.

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

Figure 1-1 N32G033 Block Diagram
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1.1 List of devices
Table 1-1 N32G033 Series devices features and peripheral list
Part Number N32G033K | N32G033K | N32G033K | N32G033F | N32GO033F | N32GO033F | N32G033F
8L7 8Q7 8Q7-1 8Q7 8Q7-1 857 8U7
Flash (KB) 64 64 64 64 64 64 64
SRAM (KB) 6 6 6 6 6 6 6
CPU frequency ARM Cortex-M0 @64MHz
Working environment 2.0~5.5V/-40~105°C
Advanced 1
16 bit 1
Timer Gener.al
32 bit 1
General
Basic 1
Communica SPI 2
tion 12C 2
interface UART 3
GPIO 27 29 29 19 19 17 17
DMA 1x 3 Channel
12bit ADC 1x 1x 1x 1x 1x 1x 1x
10Channel 11Channel 11Channel 9Channel 9Channel 9Channel 7Channel
COMP 1
OPA 3 3 3 2 2 1 1
Security protection Read/write protection(RDP/WRP)
Package LQFP32 QF%3£§5X5 ai')l';zm % QFN20 QFN20-1 | TSSOP20 UFQg PN2
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2 Functional description

2.1 Processor core

N32G033 series integrates the latest generation of embedded ARM Cortex®-MO processor

2.2 Storage

N32G033 series devices include embedded encrypted Flash memory and embedded SRAM.

Figure 2-1 Memory address map

OxE010_0000 - OXFFFF_FFFF Reserved |
Vendor SpeCIfIC 511MB Reserved 0x4002 8400 - OX5FFF FFFF
HDIV 0x4002 8000 - 0x4002 83FF
Reserved 04002 3400 - 0x4002 7FFF
GPIO 0x4002 3000 - 0x4002 33FF
Reserved 0x4002 2400 - 0x4002 2FFF
Cortex-M0 Periphera| 1MB FLASH 0x4002 2000 - 0x4002 23FF
O0XEQOF_F000 - OXEOOF_FFFF ROM Table gesemg g;‘%; goﬂé’ g::gg; ligz
0XE000_FO00 - OXEOOF_EFFF Reserved m e o002 1400 - 04009 LTFE
0XE000_E000 ~ OXE000_EFFF NVIC/SCS T RCC X002 1000 - 0x4002 13FF
0xE000_3000 - OXE000_DFFF Reserved < Reserved 0x4002 0CO0 - 0x4002 OFFF
0XE000_2000 - OXEO00_2FFF BPU ADC 0x4002 0800 - 0x4002 OBFF
0xE000_1000 - OxEO000_1FFF DWT SQRT 0x4002 0400 - 0x4002 07FF
0XE000_0000 - OXEO00_OFFF Reserved DMA 0x4002 0000 - 0x4002 03FF
Reserved 0x4001 8000 - 0x4001 FFFF

Reserved 2GB
Reserved 0x4001 4800 - 0x4001 7FFF
SPI2 0x4001 4400 - 0x4001 47FF
Reserved 0x4001 3C00 - 0x4001 43FF
UART1 0x4001 3800 - 0x4001 3BFF
TIM4 0x4001 3400 - 0x4001 37FF
R d 0x4001 3000 - 0x4001 33FF
0x4002_8400 - OXSFFF_FFFF Reserved = O 2000 - oo sFEF
0x4002_0000 - 0x4002_83FF AHB Peripheral — X001 2400 - 0x4001 2BFF
0x4001_4800 - 0x4001_FFFF Reserved I OX4001 2000 - Ox4001 23FF
0x4000_0000 - 0x4001_47FF APB Peripheral Reserved X401 0800 - OX4001 LFFF
EXTI 0x4001 0400 - 0x4001 O7FF
Reserved 0x4000 7400 - 0x4001 03FF
PWR 0x4000 7000 - 0x4000 73FF
Reserved 0x4000 5C00 - 0x4000 6FFF
Peripheral 0.5GB 12C2 0x4000 5800 - 0x4000 SBFF
12C1 0x4000 5400 - 0x4000 57FF
0x2004_0000 - Ox3FFF_FFFF Reserved Reserved OXAZDZ ic?)o ux Ao?)OE;SFF
x - 0x
m UART3 0x4000 4800 - 0x4000 4BFF
0x2000_0000 - 0x2000_3FFF SRAM % UART2 0x4000 4400 - 0x4000 47FF
Reserved 0x4000 3400 - 0x4000 43FF
IWDG 0x4000 3000 - 0x4000 33FF
SRAM 0.5GB Reserved 0x4000 2800 - 0x4000 2FFF
OX1FFF_F800 - OX1FFF_FFFF Reserved COMP 0x4000 2400 - 0x4000 27FF
Ox1FFF_F600 - OXLFFF_F7FF OptionBytes Ri::m g;‘gzs izfgﬂo l;xxiﬁuil; 213;;
Ox1FFF_3000 - Ox1FFF_FBFF Reserved Reserved %4000 1800 - 0x4000 1BFF
OXLFFF_0C00 - OXLFFF_2FFF Reserved Recorvad 1400 o 1
Ox1FFF_0000 - OX1FFF_OBFF SystemMemory IV X400 1000 - 0x4000 13FF
0x0801_0000 - OX1FFE_FFFF Reserved
T - ~ Reserved - x4 F
0x0800_0000 - 0X0800_FFFF Main FLASH CODE 05GB — g::ggg zscss 3:4;?; ;;;
0x0001_0000 - OXO7FF_FFFF Reserved TIM3 X400 0200 - 0x4000 OTFF
‘Aliased to Main Flash/ )

0x0000_0000 - 0x0000_FFFF SystemMemory/SRAM Reserved 0x4000 0000 - 0x4000 03FF

2.2.1 Embedded FLASH memory

Integrated up to 64K bytes embedded encryption FLASH, used to store programs and data, page size of 512byte,
supporting page erasing, word writing, word reading, half word reading, byte reading operations.

2.2.2 Embedded SRAM
Integrated up to 6K bytes SRAM. In STOP mode, SRAM can hold data.

2.2.3 Nested vectored interrupt controller (NVIC)

The Nested Vectored Interrupt Controller (NVIC) is tightly connected to the interface of the kernel, which can realize
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low-latency interrupt processing and efficiently handle late-arriving interrupts. The nested vectored interrupt
controller manages interrupts including kernel exceptions.

21 maskable interrupt channels (not including 6 Cortex®-MO interrupt lines)
4 programmable priority levels (using 2-bit interrupt priority levels)
Low-latency exception and interrupt handling

Power management control

Realization of system control register

The module provides flexible interrupt management functions with minimal interrupt delay

2.3 External interrupt/event controller (EXTI)

The external interrupt/event controller contains 11 edge detectors for generating interrupt/event requests. Each
interrupt line can be independently configured with its triggering event (rising edge or falling edge or bilateral edge)
and can be individually shielded. There is a suspended register that maintains the state of all interrupt requests. The
corresponding bit of the suspend register can be cleared by writing '1".

2.4 Clock system

The device provides a variety of clocks for users to choose from, including internal high speed RC oscillator HSI
(64MHz), internal low speed clock LSI (32KHz).

Multiple prescaler are used to configure the AHB frequency and low speed APB regions. AHB has a maximum
frequency of 64MHz, APB has a maximum frequency of 32MHz.
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Figure 2-2 Clock Tree
Clock Tree
HSI
Legend:
gend: ) _ s | FLASH_CLK
HSI = High-speed internal clock signal to Flash programming
LSI = Low-speed internal clock signal
HSI 1
/64 ADC_IMCLK
L -
HSI
ADCHPRE
12/41+++132 ADC_CLK
SCLKSW
HCLK CPU
AHB BUS
HSI RC 5;;;;’:
64MHz FCLK
1172 SYSCLK Pﬁgfwr HCLK -
64MHz 64MHz 18] SysTick
LSI MAX 11/21418/16 MAX
HCLK to
AHB peripherals
APB
Prescaler 32MHz MAX PCLK to
1/2/4/816 APB peripherals
TIM1/3/4_CLK
LSIRC SYSCLK
32KHz IWDG_CLK TIMXCLKSEL
LSI TIM6_CLK
TIMGCLKSEL
MCOPRES HSI PeLK
LS| UART3_CLK
MCO [} MCOPRES SYSCLK
T Lsi UART3CLKSEL
MCO

2.5 Boot mode

At BOOT time, the BOOT mode after reset can be selected with the BOOTO pin and option byte BOOT configuration
(USER3).

B Boot from program FLASH Memory
B Boot from System Memory
B Boot from internal SRAM

The bootloader is stored in the system memory and can be programmed into the FLASH Memory/SRAM area
through UART1. For specific instructions on using BOOT startup, please refer to the “CN-UG_N32G033 Series
BOOT User Guide.pdf ™.

2.6 Power supply scheme

B VDD area: The voltage input range is 2.0V~5.5V, which mainly provides power input for Main Regulator, 10
and clock reset system.

B VDDD area: The voltage regulator supplies power for the CPU, AHB, APB, SRAM, FLASH and most digital
peripheral interfaces.
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PWR is the power control module of the entire device, its main function is to control N32G033 to enter different
power modes and can be awakened by other events or interrupts. N32G033 supports RUN and STOP modes.

2.7 Programmable voltage detector

The power-on reset (POR) and power-down reset (PDR) circuits are integrated internally. This part of the circuit is
always in working condition to ensure that the system works normally when the power supply voltage exceeds 2.0V.

When Vpp is lower than the set threshold (Vror/eor), the device is reset without the need for an external reset circuit.

The device has a programmable voltage detector (PVD), which monitors the VVpp power supply and compares it with
the threshold Veyp. When Vpp is lower or higher than the threshold Veyp, it will generate an interrupt. The PVD
function is turned on by software.

Table 4-6 is the value reference of Vror/por and Vevp.

2.8 Low power mode

N32G033 is in RUN mode after system reset or power-on reset. When the CPU does not need to run, you can choose
to enter a low power mode to save power.

N32G033 low power mode:
B STOP mode (most of the clocks are turned off, the voltage regulator is still running in low power mode)
B [n addition, the following methods can also reduce the power consumption in RUN mode:

€ Reduce the system clock frequency

€ Turn off the unused peripheral clocks on the APB and AHB buses

2.9 DMA

The device integrates a flexible general-purpose DMA controller that supports 3 DMA channels to manage data
transfers from memory to memory, peripherals to memory, and memory to peripherals.

Each channel has dedicated hardware DMA request logic, and each channel can be triggered by software. The
transmission length, source address and destination address of each channel can be set separately by software.

DMA can be used with peripherals: SPI, 12C, UART, TIMx (Advanced/General/Basic Timer).

2.10 Timer and watch dog

Up to 1 advanced control timer, 2 general-purpose timers and 1 basic timer, 1 watchdog timer and 1 system tick timer.

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

Table 2-1 Timer function comparison

. . Capture/Compare Complementary
Timer Counter resolution Counter type Prescaler channel output
Up .
Any integer between
TIM1 16-bit Down Y 1~25536 Al support
Up/Down
Up Any integer between
TIM3 16-bit Down 4 Unsupported
1~65536
Up/Down
10/65
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. Up Any integer between
TIM4 32-bit Down 3 Unsupported
1~65536
Up/Down
. Any integer between
TIM6 32-bit Up 1~65536 0 Unsupported

2.10.1 Advanced-control timers (TIM1)

The advanced control timers (TIM1) is mainly used in the following occasions: counting the input signal, measuring
the pulse width of the input signal and generating the output waveform, etc.

Advanced timers have complementary output function with dead-time insertion and brake function. Suitable for
motor control.

The main functions of advanced timers include:

16-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting).

16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)

Programmable Repetition Counter
TIM1 up to 7 channels

7 compare channels(CH1/2/3/4/5/6/7), the working modes are PWM output, Ouput compare, One-pulse mode
output.

4 capture channels(CH1/2/3/4), the working mode is Input capture.
The events that generate the interrupt/DMA are as follows:

Update event

Trigger event

Input capture

Output compare

L K K N R 2

Break input

Complementary outputs with adjustable dead-time

€ For TIM1, channel 1,2,3,4 support this feature

Timer can be controlled through external signals.

Multiple timers are interconnected internally to achieve synchronization or linking of timers.

TIM1_CCS5 is used for COMP blanking

TIM1 channels 1/2/3/4/5/6/7 and TRGO signals can trigger the ADC.

Incremental (orthogonal) encoder interface: used to track the running trajectory and resolve the rotation direction.

Hall sensor interface: used for three-phase motor control.

2.10.2 General-purpose timer (TIM3)

The

general-purpose timers (TIM3) is mainly used in the following occasions: counting the input signal,

measuring the pulse width of the input signal and generating the output waveform, etc.

The
]
]

main functions of advanced timers include:
16-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting)

16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)
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TIM3 up to 4 channels

Channel’s working modes: PWM output, ouput compare, one-pulse mode output, input capture.

The events that generate the interrupt/DMA are as follows:

€ Update event

€ Trigger event

€ Input capture

€ Output compare

Timer can be controlled by external signal

Multiple timers are interconnected internally to achieve synchronization or linking of timers.

Incremental (orthogonal) encoder interface: used to track the running trajectory and resolve the rotation direction.
Hall sensor interface: used for three-phase motor control.

Support capturing internal comparator output signals.

2.10.3 General-purpose timer (TIM4)

The general-purpose timers (TIM4) is mainly used in the following occasions: counting the input signal,
measuring the pulse width of the input signal and generating the output waveform, etc.
The main functions of advanced timers include:

32-bit auto-reload counters. (It can realize up-counting, down-counting, up/down counting)

16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)

TIM4 up to 3 channels

Channel’s working modes: PWM output, ouput compare, one-pulse mode output, input capture.
The events that generate the interrupt/DMA are as follows:

€ Update event

€ Trigger event

€ Input capture

€ Output compare

Timer can be controlled by external signal

Multiple timers are interconnected internally to achieve synchronization or linking of timers.

Incremental (orthogonal), pulse+symbol, CCW/CW encoder interface: used to track the running trajectory and
resolve the rotation direction.

Hall sensor interface: used for three-phase motor control.

Support capturing internal comparator output signals.

2.10.4 Basic timer -TIM6

The basic timer contains a 32-bit counter.

32-bit auto-reload up-counting counters.

16-bit programmable prescaler. (The frequency division factor can be configured with any value between 1 and
65536)

The events that generate the interrupt/DMA are as follows:
€ Update event

Supports STOP mode wake-up: when the clock source is configured as LSI, STOP mode can be woken up by
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updating the interrupt (linked to EXTI9)
2.10.5 Systick timer (Systick)

This timer is dedicated to real-time operating systems and can also be used as a standard decrement counter.
It has the following characteristics:

B 24 bit decrement counter

B Automatic reloading function

B A maskable system interrupt is generated when the counter is 0

B Programmable clock source

2.10.6 Watchdog (WDG)

Support independent watchdog (IWDG). The watchdogs provide increased security, time accuracy, and flexibility in
use.

Independent Watchdog (IWDG)

The independent watchdog is based on a 14-bit decrepit counter and an 3-bit predivider. It is driven by a separate
low-speed RC oscillator that remains active even if the master clock fails and operates in STOP modes. Once
activated, if the dog is not fed (clears the watchdog counter) within the set time, the IWDG generates a reset when
the counter counts to 0x000. It can be used to reset the entire system in the event of an application problem, or as a
free timer to provide time-out management for applications. The option byte can be configured to start the watchdog
software or hardware. Reset and low power wake up are available.

2.11 12C bus interface (12C)

The device integrates up to 2 independent 12C bus interfaces, which provide multi-host function and control all 12C
bus-specific timing, protocol, arbitration and timeout. Supports multiple communication rate modes (up to 1IMHz),
supports DMA operations and is compatible with SMBus 2.0. The 12C module provides multiple functions, including
CRC generation and verification, System Management Bus (SMBus), and Power Management Bus (PMBus).

The functions of the 12C interface are described as follows:
B This module can be used as master device or slave device;
B 12C master device function:
€ Generate a clock;
€ Generate start and stop signals;
B Function of 12C slave device
€ Programmable address detection;

€ The I12C interface supports 7-bit or 10-bit addressing and dual-slave address response capability in 7-bit
slave mode.

€ Stop bit detection;
Generate and detect 7-bit / 10-bit addresses and broadcast calls;
Support different communication speeds;
€ Standard speed (up to 100 kHz);
€ Fast (up to 400 kHz);
€ Fast + (up to IMHz);
W Status flags:

€ Transmitter/receiver mode flag;
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€ Byte transmit complete flag;

€ 12C bus busy flag;

Error flags:

€ Arbitration is missing in Master Mode.

€ Acknowledge (ACK) error after address/data transfer;

€ Error start or stop condition detected

€ Overrun or underrun when disable extend clock function;
Supported interrupt vectors: event interrupts and error interrupts
Optional extend clock function

Supports digital and analog filtering

Generation or verification of configurable PEC(Packet error detection)
€ Intransmit mode, the PEC value can be transmitted as the last byte
€ PEC error check for the last received byte

SMBus 2.0 compatible

Timeout delay for 25 ms clock low

10 ms accumulates low clock extension time of master device

25 ms accumulates low clock extension time of slave device

PEC generation/verification of hardware with ACK control

L K K IR R 4

Support address resolution protocol (ARP)
Compatible with the PMBus

2.12 Universal asynchronous transceiver (UART)

N32G033 series products integrate up to 3 universal asynchronous transceivers (UART1 / UART2 / UART3).

UART interface supports asynchronous communication mode, multiprocessor communication mode, single wire half
duplex communication mode, etc.

Main features of UART are as follows:

Full duplex, asynchronous communication

Supports single-wire half-duplex communication
Baud rate is configurable, up to 4Mbit/s
Programmable data word length (8 or 9 bits)
Configurable stop bit, supporting 1 or 2 stop bits
Hardware generated parity bit and parity bit checking
Support TX/RX swap function

DMA sending and receiving

Support RS-485

UART3 supports low-power wake-up

Multiprocessor communication: if the address does not match, it enters silent mode, which can be awakened by
idle bus detection or address identification.

Serial Infrared Protocol (IrDA SIR) encoding and decoding, and provides two modes of operation: normal and
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low power consumption.
B supports LIN mode
Multiple error detection: data overflow error, frame error, noise error, check error.
Multiple interrupt requests:
< send data register empty,
< send complete,
< data received,
< Dbusidle,
<> data overflow,
< frame error,
< noise error,
< Parity error
<> LIN mode break frame detection,
< recevier timeout.
Mode configuration:
UART modes UART1 UART2 UART3
Asynchronous mode support support support
Multiprocessor communication support support support
Half duplex (single wire mode) support support support
IrDA support support support
LIN support support support
RS-485 support support support

2.13 Serial peripheral interface (SPI)

2x SPI interfaces. SPI allow the chip to communicate with peripheral devices in a half/full duplex, synchronous,
serial manner. This interface can be configured in master mode and provides a communication clock (SCLK) for
external slave devices. Interfaces can also work in a multi-master configuration. It can be used for a variety of
purposes, including two-wire simplex synchronous transmission using a bidirectional data wire.

The main functions of SPI interfaces are as follows:

3-wire full-duplex synchronous transmission;

two-wire simplex synchronous transmission with or without a third bidirectional data wire;
8 or 16 bit transmission frame format selection;

Master or slave operations;

Support multi-master mode;

8 master mode baud rate prescaling factors (up to fecik/2);

Slave mode frequency (max. fecLk/2);

Fast communication between master mode and slave mode;

NSS can be managed by software or hardware in both master and slave modes: dynamic change of master/slave
modes;

Programmable clock polarity and phase;

Programmable data order, MSB before or LSB before;

15/65

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

Email: sales@nsing com sg



Q)
v NSING
"' nsing.com.sg

Dedicated send and receive flags that trigger interrupts;
SPI bus busy flag;
B Hardware CRC for reliable communication;
€ Insend mode, the CRC value can be sent as the last byte;
€ In full-duplex mode, CRC is automatically performed on the last byte received.
Master mode failures, overloads, and CRC error flags that trigger interrupts
Single-byte send and receive buffer with DMA capability: generates send and receive requests

Maximum interface speed: 16Mbps

2.14 General purpose input/output (GPIO)

GPIO (General Purpose Input/Output) refers to general-purpose 1/0O, while AFIO (Alternate Function Input/Output)
refers to multiplexed functional I/O. The chip supports up to 29 GPIO, which are divided into 3 groups (GPOA/GPIO
B/GPIOF). Group A has 16 ports per group, Group B has 9 ports per group, and Group F has a total of 4 ports. GPIO
ports share pins with other multiplexed peripherals, allowing users to flexibly configure according to their needs.
Each GPIO pin can be independently configured as an output, input, or multiplexed peripheral functional port. Except
for the analog input pin, all other GPIO pins have the ability to pass high currents.

GPIO ports have the following characteristics:

B Each GPIO port can be individually configured into multiple modes by software
Input floating

Input pull-up

Input pull-down

Analog function

Push-pull output and pull-up/pull-down can be configured

Push-pull alternate function and pull-up/pull-down can be configured

L K K R IR B B 2

Open-drain alternate function and pull-up/pull-down can be configured (Only 12C related multiplexing
support)

Individual bit set or bit clear function
All 10 supports external interrupt function
All 10 supports low power mode wake-up, rising or falling edge configurable

€ All EXTIs can be awakened, all GPIO can be configured to EXTI0~6, and 7 wake-up sources can be
recorded (PAO~PA3: Group 1, PA4~PAT: Group 2, PA8~PAL1l: Group 3, PA12~PA15: Group 4,
PB0~PB3: Group 5, PB4~PB8: Group 6, PFO~PF3: Group 7)

B Support software remapping 1/O alternate function
B Support GPIO lock mechanism, reset the lock state to clear

Each 1/0 port bit can be programmed arbitrarily, but 1/O port registers must be accessed as 32-bit words (16-bit half-
word or 8-bit byte access is not allowed). The following figure shows the basic structure of an 1/O port.

2.15 Analog/digital converter (ADC)

The 12-bit ADC is a high-speed analog-to-digital converter using successive approximation. There are a total of 16
channels that can measure 11 external and 5 internal signal sources. The A/D conversion channels of each channel
can be executed in single, continuous, and segment modes. The ADC conversion values are stored (left-aligned/right-
aligned) in 16-bit data registers. An analog watchdog can be used to detect if the input voltage is within the user-
defined high/low thresholds and the ADC's input clock has a maximum frequency of 32 MHz.
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The main features of the ADC are described below:

Supports 12-bit resolution

Only supports single ended input

Interrupt generated when conversion ends and a simulated watchdog event occurs
Conversion mode

€ Single conversion

€ Continuous conversion

10 result registers, channel numbers can be configured.

16 (11 external+5 internal) channel settings, sampling time can be individually configured.

Single segment, double segment, three segment, and four segment custom sampling sequences can be sampled,
and the number of sequences and channel numbers can be flexibly configured.

Conversion completion interrupt: After each trigger source conversion is completed, a conversion completion
flag is automatically generated, and the hardware setting software is reset to zero; Enable interrupt generation,
including segment interrupt, any channel completion interrupt, all conversion completion interrupt, and
watchdog interrupt

Data alignment with embedded data consistency
Rule conversion has internal and external triggering options
Supports a maximum of IMSPS

Support ADC linkage: Supports 16 optional Trigger sources (including 14 TIM Trigger sources, EXTI, and
software triggers), which can generate configurable length and specified channel conversions after triggering

ADC power supply requirements: 2.4V to 5.5V.
ADC input range: 0<X\VIN<<VDDA.

2.16 Analog comparator (COMP)

Embedded with 1 comparators, it can be used as a stand-alone device (all ports of comparators lead to 1/O) or
combined with timers, which can be used in motor control applications to form cycle-by-cycle current control in
conjunction with the PWM output from timers.

The main functions of the comparator are as follows:

1 independent comparator

Internal reference input of independent 8-bit DAC

Supports filtered clock

Configurable high and low output polarity.

Hysteresis configuration configurable none, low, medium, high

Comparison results can be output to I/O ports or trigger timers for capturing events, OCREF_CLR events,
braking events, generating interrupts

Input channels can be re-selected for 1/0 ports, dedicated 8bit DAC

COMP_CTRL register can be configured with read-only or read-write, and requires system reset or module
reset to unlock when locked.

Blanking support, Blanking source can be configured to generate Blanking.
Configurable filter window size

Configurable filter threshold size
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B Configurable sampling frequency for filtering

2.17 Operational amplifier (OPA)

The chip integrates three independent operational amplifiers with multiple operating modes, suitable for independent
operational amplifier PGA and follower mode applications. The input range of OPAMP is 0V to VDDA, and the
output range is 0.4V to VDDA-0.4V.

The main functions of the OPA are as follows:

B OPAL1 supports independent operational amplifier mode, follower mode, differential PGA mode, and single
ended PGA mode; OPA2, OPAS differential PGA mode and following mode

Support rail to rail input, input range is 0 to VDDA, output range is 0.4 to VDDA-0.4 programmable gain
OPAMP can be configured as an instrument amplifier through external resistor connection

Internal resistance feedback network configurable, 2% accuracy

Programmable gain setting

OPAL single ended PGA gain: 2X, 4X, 8X, 16X, 32X times

OPAL1 differential PGA gain: 1X, 2X, 4X, 8X, 16X, 32X times

OPA2, OPA3 differential PGA gain: 1X, 2X, 4X, 8X, 16X times

Gain bandwidth: 5SMHz

Support independent write protectio

2.18 Temperature Sensors (TS)

The temperature sensor produces a voltage that varies linearly with temperature over a conversion range of 2.4V
<VDDA< 5.5V. The temperature sensor is internally connected to the input channel of ADC_IN11, which is used to
convert the output of the temperature sensor to a digital value.

2.19 HDIV and SQRT

Dividers (HDIV) and root mean square (SQRT) are mainly used in certain scenarios that require high computational
energy efficiency, to partially supplement the computational shortcomings of microcontrollers. This divider and
square root calculator can perform division or square root calculations on 32-bit integers.

The main properties of HDIV are as follows:
Only supports 32-bit operations, with signed or unsigned operations
Input: 32-bit dividend, 32-bit divisor
Output: 32-bit quotient, 32-bit remainder

[
[
[
B Complete a signed/unsigned integer division operation in 8 clock cycles
B Dividing by zero, warning flag, data fixed return 0

B Support optional hardware auto enable (write divisor auto enable)

B Read quotient or remainder register, no need to query status, can be read immediately (enabled)
The main properties of SQRT are as follows:

B Only supports 32-bit operations

B [nput: 32-bit unsigned square root integer

B Qutput: 16-bit root mean square
[

Complete an unsigned integer square root operation in 8 clock cycles
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B Support optional hardware auto enable (write open square integer auto enable)

B Read result register, no need to query status, can be read immediately

2.20 Unique device serial number (UID)

The N32G033 series products have two built-in unique device serial numbers of different lengths, the 96-bit UID
(Unigue device ID) and the 128-bit UCID (Unique Customer ID), which are stored in the system configuration block
of the flash memory, and the information they contain is written at the factory and is guaranteed to be unique to
N32G033 series any one microcontroller in any case is unique, the user application or external devices can be read
through the CPU or SWD interface, can not be modified.

UID is 96 bits, usually used as a serial number or as a password, when writing flash memory, this unique identifier
is combined with software encryption and decryption algorithms to further improve the security of the code within
the flash memory.

The UCID is 128 bits and complies with the National Technical Chip Serial Number Definition, which contains chip
production and version related information.

2.21 Serial wire SWD debug port (SWD)

Embedded Arm SWD Interface.
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3 Pin descriptions

3.1 Pinouts
3.1.1 LQFP32

Figure 3-1 N32G033 Series LQFP32 pinouts

nsing.com.sg
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3.1.2 QFN32/QFN32-1

Figure 3-2 N32G033 Series QFN32/QFN32-1 pinouts
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Figure 3-3 N32G033 Series QFN20 pinouts
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Figure 3-4 N32G033 Series QFN20-1 pinouts
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3.1.5 UFQFPN20

Figure 3-5 N32G033 Series UFQFPN20 pinouts
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3.1.6 TSSOP20

Figure 3-6 N32G033 Series TSSOP20 pinouts
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3.2 Pin definitions
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For details of alternate functions for 10, please refer to the " Alternate function® section within the "GPI1O
and AFI1O" chapter of the User Manual.

Table 3-1 Pin definitions®

Package

LQFP32

QFN32-1

QFN20
QFN20-1

UFQFPN20

TSSOP20

Pin name
(function
after reset)

Type® | 1/0®@

Alternate functions®

Digital

Analog

[EEN

[EEN

VDD

VDD

PFO

110 TC

12C1_SDA,
TIM3_CHL1,
UARTL_TX,
UART2_TX,
UART3_TX,
TIM3_ETR

OPAMP1_VINP

PF1

110 TC

12C1_SCL,

TIM3_CH2,
UART1_RX,
UART2_RX,
UART3_RX,
TIM4_ETR

OPAMP1_INM,

NRST/PF3®

| RST

NRST

110 TC

TIM3_CH3,
TIM4_ETR,
UART1_DE,
UART2_DE,

UART3_DE,

VDDA

VDDA

PAO

110 TC

SPI1_SCK,
UART2_RX,
UART3_RX,
TIM3_CH1,
TIM1_CH5,
TIM4_CH1,
UART1_RX,

COMP_OUT,

ADC_INO,
COMP_INM,
OPAMP1_VINP

PAl

110 TC

EVENT_OUT,
SPI1_NSS,
12C1_SMBA,
TIM3_ETR,
UART3_TX,
TIM3_CH2,
TIM1_CHB,
TIM4_CH2,
SPI1_MISO,
UART2_TX,
UARTL TX,

ADC_IN1,
COMP_INP,
OPAMP1_VINP

PA2

1/0 TC

UARTL_TX,
UART2_TX,
SP11_MOSI,

TIM1_BKIN1,
TIM3_CHS3,
TIM1_CH?7,
TIM4_CHS3,
UART3 TX,

ADC_IN2,
OPAMP1_VINM
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UARTL_RX,
UART2_RX,
9 | 9|5 |5 - 9 PA3 1/0 TC TIM1_CH2, (/:ACIJDI\SI:EITI\?E
SPI1_MISO, -
UART3_RX
SPI1_MISO,
TIM3_CH1,
TIM1_CHL,
SPI1_NSS ADC_IN4,
0(10)|6 |6 | 7]10 PA4 1/0 TC | COMP_INM,
12C1 SCL, OPAMP1_VINP
UART3_TX, -
UARTL_DE,
UART2_DE,
SPI1_SCK,
TIM1_CH2N, ADC_INS5,
11 | 11 | - - 8 | 11 PA5 1/0 TC TIM1_CHS, COMP_INM,
SPI11_MOSI, OPAMP1_VINM
12C1_SDA,
EVENT_OUT,
SPI11_MISO,
TIM3_CH1
o ADC_ING
21127 7] 9|12 PAG 1/0 TC TIM1_BKIN2, — -
UART3 TX, OPAMP1_VOUT
12C2_SCL,
COMP_OUT,
SPI11_MOSI,
SPI2_NSS, ADC_IN7,
TIM3_CH?2, COMP_INP,
13 | 13| 8 | 8 | 10 | 13 PA7 1/0 TC TIML CHIN, OPAMPL VINP
UART3_RX, OPAMP1_VOUT_R
12C2_SDA,
TIM3_CH3,
14 | 14| 9 | 9 - - PBO 1/0 TC TIM1_CH2N, OP':?/I%_ln\i?I’NP
SPI2_SCK, -
TIM3_CH3,
TIM3_CH4,
15 | 15 | 10 | 10 | 11 | 14 PB1 110 TC TIM1_CH3N, OP::I\D/I(;IH:I/?’I\IM
SPI2_MOSI, -
SP11_MOSI,
12C1_SMBA,
- |16 | - - - - PB2 1/0 TC 12C2_SMBA, OP’;?/ICP—;N\}?NM
TIM3_CH4, -
16 | - |21 | 21| 12| - VSS - - VSS
17 | 17| 1 | 1 |13 | 16 VDD - - VDD
TIM1_CH1,
MCO,
18 | 18 | 11 | 11 | - - PA8 110 TC SPI2_NSS, Ogim%”?'&
UART1_DE, -
UART2_DE,
UARTL_TX,
TIM1_CH2,
12C1_SCL,
19 | 19 | 12 | 12 | 14 | 17 PA9 110 TC 12C2_SCL, Ogg,\'\ﬂ/'gg”l\:\m
SPI2_SCK, -
UART2_TX,
MCO,
UART1_RX,
TIM1_CH3,
12C1_SDA, COMP_INP,
20 | 20 | 13 | 13 | 15 | 18 PA10 1/0 TC 1202 SDA. OPAMP2_INM,
SPI12_MISO,
UART2_RX,
27165
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PAll

1/10

TC

TIM1_CH4,
12C2_SCL,
SPI12_MOSI,
TIM1_BKINS,
COMP_OUT,
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COMP_INM,
OPAMP2_INP,

22 | 22 - -

PA12

1/10

TC

EVENT_OUT,
TIM1_ETR,
12C2_SDA,
SPI2_MISO,
TIM1_BKIN4,
COMP_OUT,

COMP_INP,

23 | 23 | 14 | 14

16

19

PA13
(SWDIO)

1/10

TC

SWDIO,
UARTL_RX,
UART2_RX,
12C1_SDA,
SPI1_SCK,
UART3_RX,
TIM3_CH2,
TIM4_CH2,

24 | 24 | 15 | 15

17

20

PAl4
(SWCLK)

110

TC

UARTL_TX,
UART2_TX,
SWCLK,
12C1_SMBA,
SPI1_MISO,
UART3_TX,
TIM3_CHL,
TIM4_CHL,

25 | 25 | 16 | 16

PA15

110

TC

SPI1_NSS,
UART1_RX,
UART2_RX,
TIM1_CH1,

TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N,
TIM1_CHS3,
TIM1_CH3N,
TIM1_CH4,
TIM1_CHA4N,
TIM4_CH1,

26 | 26 | 17 | 17

PB3

110

TC

SPI1_SCK,
UART3_TX,
TIM3_ETR,
TIM1_CHL1,

TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N,
TIM1_CH3,
TIM1_CH3N,
TIM1_CH4,
TIM1_CH4N,
TIM4_CH2,

27 | 27 | 18 | 18

PB4

110

TC

EVENT_OUT,
SPI1_MISO,
TIM3_CHL1,
UART3_RX,
TIM1_CHL1,

TIM1_CHIN,
TIM1_CH2,

TIML_CH2N,
TIM1_CHS3,

TIM1_CH3N,
TIM1_CH4,

TIM1_CH4N,
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SPI1_MOSI,
12C1_SMBA,
TIM3_CH2,
UART3_TX,
TIM1_CHL1,
TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N,
TIM1_CHS3,
TIM1_CH3N,
TIM1_CH4,
TIML_CH4N,

29 | 29 | 20 -

18

PB6

110

TC

12C1_SCL,
UARTL TX,
TIM1_CHL1,
TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N, -
TIM1_CHS3,
TIML_CH3N,
TIM1_CH4,
TIM1_CH4N,
TIM3_CHS3,

30 | 30 - -

19

PB7

110

TC

12C1_SDA,
UARTL_RX,
UART3_RX,
TIM1_CHL1,
TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N,
TIM1_CH3,
TIM1_CH3N,
TIM1_CH4,
TIM1_CH4N,
TIM3_CH4,

31 | 31 - 19

20

BOOTO/PF2

110

TC

BOOTO,
TIM1_CHL1,
TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N, -
TIM1_CHS3,
TIM1_CH3N,
TIM1_CH4,
TIM1_CH4N,

PB8

110

TC

12C1_SCL,
TIM1_CHL1,
TIM1_CHIN,
TIM1_CH2,
TIM1_CH2N,
TIM1_CH3,
TIM1_CH3N,
TIM1_CH4,
TIM1_CH4N,
TIM3_CH4

2 - | - | -

15

VSS

S

- VSS

I = Input, O = Output, S = Power, HiZ = High Resistance

TC: Standard 5V 1/0, RST: Bi-directional reset pin with embedded weak pull-up resistor.

This type of multiplexing function can be configured to other pins by software (if the corresponding package model has this pin),

please refer to the Multiplexing 1/O section and Debug Settings section of the N32G033 series User's Manual for more details.
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5. Fail-safe function is not supported. Fail-safe refers to the phenomenon where when there is no power input to the chip, adding a
high input level to the 10 will not cause the chip to have a certain voltage on the power supply and consume current.
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4 Electrical characteristics

4,1 Parameter conditions

All voltages are based on Vss unless otherwise specified.

4.1.1 Minimum and maximum values

Unless otherwise specified, all minimum and maximum values will be guaranteed at the worst ambient temperature,
supply voltage and clock frequency conditions by testing performed on the production line with 100% of the product
at an ambient temperature of Ta = 25<C.

Data stated in the notes below each table as having been obtained by characterization, design simulation and/or
process characterization will not be tested on the production line; on the basis of characterization tests, minimum and
maximum values are obtained by taking the average of the sample tests and adding or subtracting three times the

standard distribution (mean £3%).

4.1.2 Typical numerical values

Typical data is based on Ta = 25<C and Vpp = 3.3V/5.0V (2.0V < VDD < 5.5V voltage range) unless otherwise
noted. These data are for design guidance only and have not been tested.

4.1.3 Typical curves

Typical curves are for design guidance only and are untested unless otherwise noted.

4.1.4 Loading capacitor

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

Figure 4-1 pin loading conditions

S MCU

15pF —

4.1.5 Pin input voltage

The measurement method of the input voltage on the pin is shown in Figure 4-2.
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Figure 4-2 Pin input voltage

0 PIN

4.1.6 Power supply scheme

Figure 4-3 Power supply scheme

nsing.com.sg
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'7 Regulator
100 nF Output | | 0 Core circuit
n® x n o i
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' o 7 circuit,
Port Input | =circuit
g memory)
=
Vss1/2/-- r
L @ |

Analog Peripherals
(ADC,COMP,0PA)

\d

1. nisthe number of VDDs.
Note: Refer to the hardware design guide for capacitor connections
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4.1.7 Current consumption measurement

Figure 4-4 Current consumption measurement

IDD

()
U

VDD

1
L

4.2 Absolute maximum ratings

Loads applied to the device in excess of the values given in the "Absolute Maximum Ratings" list (Table 4-1, Table
4-2, Table 4-3) may cause permanent damage to the device. The maximum loads that can be withstood are given here
and do not imply that the functional operation of the device under these conditions is error-free. Prolonged operation
of the device under maximum conditions will affect the reliability of the device.

Table 4-1 Voltage characteristics

Symbol Parameter Min Max Unit
Vb - Vss External mains supply voltage (Vop)® -0.3 6.5
Vin Input voltage on arbitrary 1/0 and control pins® -0.3 M(?S%%T v
| AVopx | Voltage difference between different supply pins - 50 v
| Vssx- Vss| Voltage difference between different ground pins - 50
Vesoem II\E/ISODdeIf)Iectrostatic Discharge Voltage (Human Body See section 4.3.9

1. All power (Vpp) and ground (Vss) pins must always be connected to an external permissible range power
supply system.

2. The ling (piny must never exceed its limit, i.e., it is guaranteed that Vn does not exceed its maximum value. If it
is not possible to guarantee that Vin does not exceed its maximum value, also ensure that linyeiny is externally
limited to not exceed its maximum value. There is a forward injection current when V\n>Vpp and a reverse
injection current when Vin<Vss.

Table 4-2 Current characteristics

Symbol Parameter Max Unit
Total current through Voo power line (supply current) @, test at
lvoo VDD=5.0V 200
lvss Total current through Vss ground (outgoing current) @, test at VDD=5.0V 200
Output potting current on arbitrary 1/0 and control pins, test at VDD=5.0V 16 A
| _ i m
10 Output current on arbitrary 1/0 and control pins, test at VDD=5.0V 16
Injection current at the NRST pin, test at VDD=5.0V 0/-5
NGNS — -
Injection current on other pins ¥, test at VDD=5.0V +/-5
th(pm)(z) Total injected current on all 1/0 and control pins ¥, test at VDD=5.0V +/-16

1. All power (Vpp) and ground (Vss) pins must always be connected to the external permissible range of the power
supply system.
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2. The liny piny must never exceed its limit, i.e., it is guaranteed that Vn does not exceed its maximum value. If it
is not possible to guarantee that Vn does not exceed its maximum value, also ensure that Iinypiny is externally limited
to not exceed its maximum value. There is a forward injection current when Vin>Vpp and a reverse injection current

when Vin<Vss.

3. The reverse injection current interferes with the analog performance of the device.

4.  When several I/O ports have injected currents at the same time, the maximum value of Y Iinypiny is the sum of

the immediate absolute values of the forward injection current and the reverse injection current.

Table 4-3 Temperature characteristics

Symbol Parameter Value Unit
Tste Storage temperature range -65 ~ + 150 °C
T Maximum junction temperature 130 °C

4.3 Operating conditions

4.3.1 General operating conditions

Table 4-4 General operating conditions

Symbol Parameter Conditions Min Max Unit
fcLk Internal AHB clock frequency - ; 64 Tk
focLi Internal APB clock frequency - - 32 z

Standard operating voltage - 20 55 Vi
Ope_rating voltage when using ADC Must be the same as VDD © 24 55 v
section ) '
Operating voltage when using OPA a
Vbp (Follow Mode/Single ended PGA Mode) Must be the same as VDD 2.4 55 v
Operating voltage when using OPA o)
(differential mode) Must be the same as VDD 2.8 55 \%
Wor_king voltage when using COMP Must be the same as VDD © 29 55 Vv
section ) '
Ta Ambient Temperature Suffix version 7 -40 105 oC
TJ Junction temperature range Sufﬁx Version 7 -40 125 oC

1. Use the same power supply to power VDD and VDDA. During power up and normal operation, a maximum
difference of 300mV is allowed between VDD and VDDA.

4.3.2 Operating conditions at power-up and power-down

The parameters given in the following table are based on testing under the ambient temperature listed in Table 4-4.

Table 4-5 Operating conditions at power-up and power-down

Symbol Parameter Conditions Min Max Unit
. Voo rising time rate From 0 to Vop 20 o0 us/'V
VDD
Voo falling time rate From Vpp to 0 80 o us/V

4.3.3 Reset and power control module features

The parameters given in the following table are based on tests at ambient temperature and Vpp supply voltage listed
in Table 4-4.

Table 4-6 Reset and power control module features

Symbol Parameter Conditions ‘ Min ‘Typ‘ Max |Unit|
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Rising PVDISOI=9 Reserve

Falling PVDI[3:0]=0

Rising PVD[3:0]=1 2 2.08] 2.16

Falling PVD[3:0]=1 1.9 1.98 | 2.06

Rising PVDI[3:0]=2 2.2 2.28| 2.36

Falling PVDI[3:0]=2 21 218 2.26

Rising PVD[3:0]=3 24 248 | 2.56

Falling PVD[3:0]=3 23 2.38| 2.46

Rising PVDI[3:0]=4 2.6 2.68 | 2.76

Falling PVD[3:0]=4 2.5 2.58 | 2.66

Rising PVD[3:0]=5 2.8 2.88 ] 2.96

Falling PVD[3:0]=5 2.7 2.78 | 2.86

Rising PVD[3:0]=6 3 3.08| 3.16

Falling PVD[3:0]=6 2.9 2.98 | 3.06

Rising PVD[3:0]=7 3.2 3.28] 3.36
Vovo Falling PVD[3:0]=7 3.1 3.18 | 3.26 v

Rising PVD[3:0]=8 34 3.48 | 3.56

Falling PVD[3:0]=8 33 3.38] 3.46

Rising PVD[3:0]=9 36 3.68] 3.76

Falling PVDI[3:0]=9 35 3.58 | 3.66

Rising PVDI[3:0]=10 3.8 3.88 | 3.96

Falling PVD[3:0]=10 37 3781 3.86

Rising PVD[3:0]=11 4 4.08] 4.16

Falling PVDI[3:0]=11 3.9 3.98 | 4.06

Rising PVDI[3:0]=12 4.2 4.28 | 4.36

Falling PVD[3:0]=12 4.1 4181 4.26

Rising PVDI[3:0]=13 4.4 4.48 | 4.56

Falling PVD[3:0]=13 4.3 4.38| 4.46

Rising PVDI[3:0]=14 4.6 4.68 | 4.76

Falling PVD[3:0]=14 45 458 4.66

Rising PVDI[3:0]=15 4.8 4.88 | 4.96

Falling PVD[3:0]=15 4.7 478 | 4.86
Vevonys™® PVD hysteresis - 80 100 | 125 mvV
Falling edge - 1.65] - \V;
VporiPDR VDD power-up/down reset thresholds Rising edge - 1581 v
Vepriporhyst™| POR/PDR hysteresis voltage - - 100 | - mv
Trstrempo® | Reset Duration - - 150 | - us

1.  Guaranteed by design, not tested in production.

4.3.4 Internal reference voltage

The parameters given in the following table are based on tests at ambient temperature and Vpp supply voltage listed

in Table 4-4.
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Table 4-7 Internal reference voltage®
Symbol Parameter Conditions Min Typ Max Unit
VRer12v | Internal reference voltage | ~40°C< Ta< +105°C 1176 12 1.224 v
VrerLev | OPA Buffer output voltage | “40°C< Ta< +105°C 1.764 18 1.836 \
VRerasv | ADC reference voltage -40°C< Ta< +105°C 3.528 3.6 3.672 \Y
1/2VDDA| opA Buffer output voltage | ~40°C< TA<+105°C 0.49*VDDA | 05*VDDA | O051*VDDA | V
1/4VDDA OPA Buffer output voltage -40°C< TA< +105°C 0.245*VDDA 0.25*VDDA 0.255*VDDA \Y
Tyt | ol e | PLSEOOL B |y - e
- sampling time of the ADC -

1. The shortest sampling time is obtained by multiple cycles in the application.
2. Converted to ADC sampling period of 512 cycles.
3. Guaranteed by design, not tested during production.

4.3.5 Power supply current characteristics

Current consumption is a combination of a number of parameters and factors that include operating voltage, ambient
temperature, load on 1/O pins, software configuration of the product, operating frequency, flip-flop rate of 1/0 pins,
location of the program in memory, and code executed.

The current consumption measurements are described in detail in Figure 4-4.

All current consumption measurements given in this section for all modes of operation execute a condensed set of
code.

4.3.5.1 Maximum current consumption
The microcontroller is in the following conditions:
B All I/O pins are in input mode and connected to a static level - Vpp or Vss (no load).
B All peripherals are off unless otherwise noted.

B Flash memory access time is adjusted to the frequency of fuciLk (0 wait cycles for 0 < SYSCLK<32MHz, and 1
wait cycles for 32MHz < SYSCLK<64MHz).

B When peripheral is turned on: fpcik = fHeLk/2.
B Vpp = 5.5V, ambient temperature equal to 105<C.

The parameters given in Table 4-8 is based on tests at ambient temperature and VDD supply voltage listed in Table
4-4,

Table 4-8 Typical current consumption in run mode with data processing code running from internal flash memory

Typ (€]
Symbol Parameter Conditions freLk VDD=5 5V T — 105°C Unit
=5.5V, Ta =105
64MHz 7.7
Internal clock. 39MHz 4.4
Enable all
peripherals 16MHz 2.9
| Supply current in 8MHz 2.2 mA
bD operation mode 64MHz 4.6
Internal clock. 32MHz 2.85
Turn off all
peripherals 16MHz 21
8MHz 17

1.  Guaranteed by design and comprehensive evaluation, not tested in production.
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4.3.5.2 Typical current consumption

The chip test conditions are as follows:

B All I/O pins are in input mode and connected to a static level-Vpp or Vss (no load).

B All peripherals are off unless otherwise noted.

B Flash memory access time is adjusted to the frequency of fucik (0 wait cycles for 0 < SYSCLK<32MHz, and 1
wait cycles for 32MHz < SYSCLK<64MHz).

B Ambient temperature and Vpp supply voltage conditions are listed in Table 4-4.

B Instruction prefetch is on (Hint: This parameter must be set before setting the clock and bus divider).
B When the peripheral is turned on: fecik = frcik/2.

The parameter test conditions in the following table are based on Table 4-4.

Table 4-9 Typical current consumption in run mode with data processing code running from internal flash memory
(Ta=25<C, Vpp=5.0V)

Typ
Symbol Parameter Conditions frerk Enable all Turn off all Unit
peripherals peripherals
64MHz 7.6 4.5
Supply current in Internal high-speed 32MHz 43 2.8
Ioo : mA
operation mode clock 16MHz 29 20
8MHz 21 1.7

Table 4-10 Typical current consumption in run mode with data processing code running from internal flash memory

(TA=25 °C. VDD=3.3V)

Typ
Symbol Parameter Conditions froLk Enable all Turn off all Unit
peripherals peripherals
64MHz 7.4 4.4
| Supply currentin | Internal high-speed 32MHz 4.25 2.7 A
po operation mode clock 16MHz 2.8 1.95 m
8MHz 2.05 1.58
4.3.5.3 Low Power Current Consumption
The microcontroller is in the following conditions:
B All I/O pins are in input mode and connected to a static level-VDD or VSS (ho load).
B All peripherals are off unless otherwise noted.
Table 4-11 Typical consumption in stop and power-down mode (Ta=25°C. Vpp=3.3V)
Symbol Parameter Conditions Typ Max Unit
. SRAM hold, all 1/0 status hold, BS TIM,
Ibp_sTop Current in STOP mode independent watchdog off 1.81 - UA
Table 4-12 Typical consumption in stop and power-down mode (Ta=25°C. Vpp=5.0V)
Symbol Parameter Conditions ‘ Typ ‘ Max Unit |
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lop_stop

Current in STOP mode

independent watchdog off

SRAM hold, all I/O status hold, BS TIM,

2.05

uA

4.3.6 Internal clock source characteristics

The characteristics given in the following table were measured using ambient temperatures and supply voltages in

accordance with Table 4-4.

4.3.6.1 High-speed internal (HSI) RC oscillator

Table 4-13 HSI Oscillator characteristics @ @

Symbol Parameter Conditions Min Typ Max Unit
i kS VDD=5.0V, Ta=25°C -0.5® 64MHz | 050 %
ACC VDD=2.0~5.5V, Ta=-40~105°C -24) 64MHz 1.54@ %
HSI T
HSIE% #1955 @) vDD=5.0v, Ta=0~85°C 14 64MHz | 1@ %
HSI oscillator
tsugeisiy startup time ) 10 Ks
HSI oscillator power
. - - A
lbp(Hsi consumption 400 600 i

1.  Vbppb=5.0V, Ta=-40to 105<C unless otherwise noted.

2. Guaranteed by design, not tested in production.

3. Production calibration accuracy, not including soldering effects. Frequency deviation due to soldering ranges from approximately

+%.

4.  Frequency deviation including soldering effects, data from sample testing, not tested in production.

4.3.6.2 Low-speed internal (LSI) RC oscillator

Table 4-14 LSI Oscillator characteristics @

Symbol Parameter Conditions Min Typ Max Unit
, VDD=5.0V, Ta=25°C -1 32KHz +1 %
fla® output frequency }F/EE szg\l/ogg_cs\/, = 32KH2 o5 %
tsuesy @ _II__iSrLg)scillator Startup TA = 25°C ) 30 80 s
IooLsty @ Igc?r:sﬂirig:?;?]r power TA =25°C - 0.3 - pA

1.  Vbpb=5.0V, Ta=-40to 105<C unless otherwise noted.

2. Guaranteed by design, not tested in production.

4.3.7 Low-power mode wake-up time

The wake-up times listed in Table 4-15 were measured during the wake-up phase of an 64MHz HSI RC oscillator.
The clock source used for wake-up depends on the current operating mode:

B STOP mode: the clock source is the RC oscillator

All times are measured using the ambient temperature and supply voltage in accordance with Table 4-4.

Table 4-15 Low-power mode wake-up time

Symbol

Parameter

Typ

Max

Unit

twusTor®

\Wake up from STOP mode, VDD=VDDA=5V @ 25 °C, LSI turned on

351

45

us

1. Wake-up time is measured from the start of the wake-up event until the user program reads the first instruction.
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4.3.8 FLASH characteristics
All characterization parameters were obtained at TA = -40~105<C unless otherwise stated.
Table 4-16 FLASH characteristics
Symbol Parameter Conditions Min® Typ® Max® | Unit
troe 32-bit programming time Ta = -40~105°C i 75 i us
tepase | 208 (512 bytes) erasetime | T, =_40~105°C ) 25 ) ms
tue Mass erase time Ta = -40~105°C i 35 i ms
Reading mode, ficLk=64MHz, Vpp=5.0V - 45 6.0 mA
| " Write mode, frcLk=64MHz, Vpp=5.0V - - 2 mA
bo | Supply current Erase mode, ficLk=64MHz, Vop=5.0V - - 15 mA
PD/STOP mode, Vpp=2.0~5.0V - 0.3 15@ LA
1.  Guaranteed by design and comprehensive evaluation, not tested in production.
2. Testedat Ta=85<.
Table 4-17 Flash memory life and data retention period
Symbol Parameter Conditions Min® Unit
Neno Endurance Ta=-40~105T 100 keycles
tReT Data retention Ta =105, after 1000 erasing cycle® 10 years

1. Derived from characterization tests, not tested in production.

4.3.9 Absolute maximum value (electrical sensitivity)

Based on three different tests (ESD, LU), the chip is tested for strength to determine its performance in terms of
electrical sensitivity, using specific measurement methods.

Electrostatic discharge (ESD)
Electrostatic discharge (a positive pulse followed by a negative pulse one second later) was applied to all pins of all
samples.

Table 4-18 ESD Absolute Maximum

Symbol Parameter Conditions Max® Unit
Electrostatic discharge voltage (human body | Ta=+25 T,
Vesomem) | model) Complies with ANSI/ESDA/JEDEC JS-001.|  £4000 y
Electrostatic discharge voltage (charging Ta=+25 T,
Vespcom) | equipment model) Complies with ANSI/ESDA/JEDEC JS-002 +2000
1.  Derived from characterization tests, not tested in production.
Static latch-up
To evaluate latch-up performance, 2 complementary static latch-up tests on 6 samples are required:
B For each power supply pin, provide a supply voltage that exceeds the limit.
B Injects current on each input, output, and configurable 1/O pin.
This test complies with the EIA/JESD78F IC bolting standard.
Table 4-19 Electrical sensitivity
Symbol Parameter Conditions Maximum current
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| LU l Static latch-up | Ta =+125 T, complies with JESD78F standard +300mA

4.3.10 1/O port characteristics
Generalized Input/Output Characteristics

Unless otherwise noted, the parameters listed in the following table were measured under the conditions of Table 4-4.
All 1/O ports are CMOS and TTL compatible.

Table 4-20 1/O static characteristics

Symbol Parameter VDD Conditions Min Max Unit
5 - - 0.3%vDD
ViL Input Low Level Voltage 3.3 - - 0.8
2.0 - - 0.2xvDD
5 - 0.7%/DD - v
Vin Input High Level Voltage 3.3 - 2.15 -
2.0 - 0.8%/DD -
Schmitt trigger voltage
Viys hysteresis® 5/3.3/2.0 - 0.1%/DD - v
Input leakage current I1H 5/3.3/2.0 - - 1
lig® Input leakage current 1L 5/3.3/2.0 ] 1 _ HA
High driving Imin=16mA
5 low driving Imin=12mA VDD-038 i
Output high level voltage High driving Imin=8mA -
Vor® pULIg J 33 low driving Imin=4mA 24
20 High d(l\{lng Im_|n_=4mA VDD-0 45 )
low driving Imin=2mA
5 High driving Imin=16mA i 0.7 \
low driving Imin=8mA )
Output Low Voltage High driving Imin=8mA )
Vor® P g 33 low driving Imin=4mA 0.45
High driving Imin=4mA )
2.0 low driving Imin=2mA 04
Weak pull-up equivalent )
Reu resistance 5/3.3/2.0 40 100 KO
Weak pull-d_own equivalent 5/3.3/2.0 ) 40 120
Rep resistance kQ
Capacitance of 1/0 pins ) )
Cio 5/3.3/2.0 10 OF

1.  Hysteresis voltage for Schmitt trigger switching levels. Guaranteed by characterization tests, not tested in production.
2.  Leakage current may be higher than maximum if there is reverse current back-up at adjacent pins.
3. PB3/PB4/PB5, which only serve as SPI functions, support driver capability switching.

All I/O ports are CMOS and TTL compatible (no software configuration required) and their characteristics take into
account most stringent CMOS process or TTL parameters:

Input and output AC characteristics
The definitions and values of the input and output AC characteristics are given in Table 4-4.

Unless otherwise stated, the parameters are measured using ambient temperatures and supply voltages in accordance
with Table 4-4.

Table 4-21 PB3/4/5 AC Characteristics®

%44 Rise/Fall Time (ns) Propagation Delay (ns)
VDD Drivin Slew Rate i
g ClLoading( Min Typ Max Min Typ Max
Strength Control pf)
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Slow
Low (SRe1) 15 1375 | 2028 | 32010 | 3338 | 488 7.97
(DR=1) (SFF?EB) 15 1103 | 1.658 2.65 2846 | 4187 | 692
5V(4.5~5.5) i
High (SRe1) 15 1117 | 164 | 2582 | 297 | 4379 | 7.275
(DR=0) Fast
(SR20) 15 0.86 1.29 2.05 2.7 4 6.6
Slow
Low (SRe1) 15 1766 | 2725 | 4471 | 3943 | 6.041 | 9.839
(DR=1) (SFRa‘fO) 15 1446 | 2261 | 3731 | 3429 | 5263 | 8577
3.3V(2.7~3.6) oo
High SRel) 15 1425 | 2193 | 3596 | 3539 | 5456 | 8.98
(DR=0) Fast 15 1125 | 1755 | 2899 | 3.257 | 499 | 8.127
(SR=0)
Slow
Low (SR1) 15 2601 | 4503 | 8067 | 6312 | 1064 | 1879
(bR=1) (SFRaito) 15 2242 | 3803 | 699 | 5451 | 9177 | 16.14
2V(1.8~2.2) ==
High (SR=1) 15 2161 | 3611 | 6395 | 5816 | 9829 | 6.395
(DR=0) Fast
(SR20) 15 1739 | 2943 | 5261 | 5188 | 8726 | 153

1.  Guaranteed by design, not tested in production

Table 4-22 Others pins® AC Characteristics®

%4 Rise/Fall Time (ns) Propagation Delay (ns)
vbDb ;:'e\;';ti Slzvc\:niztle CLosging( Min Typ Max Min Typ Max
5V/(4.5~5.5) (E')‘SZ"O) (Ssg’:";’)) 15 1322 | 1938 | 3192 | 3012 454 7.601
3.3V(2.7~3.6) (DLFCZJZVO) (85;20:"2’)) 15 1693 | 2602 | 4.465 3.92 6.161 10.6
2V(1.8~2.2) (E')-SZ"O) (Ssg’:";’)) 15 2597 | 4339 | 8147 | 6627 | 1152 | 21.38

1.  Pins other than PB3/4/5.

2. Guaranteed by design, not tested in production.

Figure 4-7 1/0O AC characteristic definition

90%V1

tdr

10%V1

)
]
]
]
]
10%V1 o
]
]
]
]

tf tr

4.3.11 NRST pin characteristics

The NRST pin has an internal integrated pull-up resistor, and the parameters are measured using ambient temperature
and supply voltage in accordance with Table 4-4, unless otherwise noted.

Table 4-23 NRST pin characteristics

Max Unit

0.3vDD \

Parameter
NRST input low level voltage

Symbol VDD Min Typ

2.0v~5.5V - -

ViLnrsny®
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VinrsT)® NRST input high voltage 2.0V~5.5V 0.7VDD . _
Viys(NRST) NRST Schmitt trigger voltage hysteresis 2.0V~5.5V 139 315 367 mv
Rpy Weak pull-up equivalent resistance @ 2.0V~5.5V 30 40 50 kQ
2.0V~2.2V - - 203
Venrsn® NRST input filter pulse 3V-~3.6V - - 119 ns
4.5V~5.5V - - 83
2.0v~2.2Vv 490 - -
Vnersy® NRST input unfiltered pulse 3V~3.6V 301 - - ns
4.5V~5.5V 199 - -

1. Guaranteed by design, not tested in production.

2. The pull-up resistor is designed as a real resistor in series with a non-switchable PMOS implementation. The
resistance of this PMOS switch is very small (about 10%).

Figure 4-8 Recommended NRST Pin Protection

VDD

External reset circuit®

————= Q . Internal reset
l n) b— Filter |———p

1. The reset network is to prevent parasitic reset.

2. The user must ensure that the potential of the NRST pin can be below the maximum VIL(NRST), otherwise the MCU cannot get
reset.

4.3.12 TIM characteristics

The parameters listed are guaranteed by design
Table 4-24 TIM characteristics

Symbol Parameter Condition Min Max Unit
Ti distinauishes i - 1 - triMcLk
imer distinguishes time
tres(Tim g friveLk = 64MHz | 15.625 - ns
| clock f ; - 0 frimeLk/2 MHz
Timer external clock frequency for CH1 to CH4
fexr I X quency frimeLk = 64MHz 0 32 MHz
TIM1/3: Timer Resolution - - 16 bits
Restim ) . i
TIMA4/6: Timer Resolution - 32 bits
- 1 2716 trimcLk
TIM1/3 : 16 bit counter
frimeLk = 64MHz - 1024 us
_ - 1 232 trimMcLK
TIM4 : it counter
tcounTeR frimcLk = 64MHz - 67.109 S
. - 1 2732 trimeLk
TIMG6 : 32 bit counter
frimcLk = 32MHz - 134.218 S
tmax_count®) | TIM1/3 : 16 bit counter - 1 2732 trimeLk
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frimcLk = 64MHz - 67.109 S

. - 1 2748 trimeLk

TIM4 : 32 bit counter
frimcLk = 64MHz - 1221.68 h
- 1 2748 t

TIMG6 : 32 bit counter TIveLR

frimeLk = 32MHz - 2443.36 h

1.  Refers to the maximum count that can be completed after dividing the TIM internally.

4.3.13 IWDG characteristics

Table 4-25 IWDG Maximum and minimum count reset times (LS| = 32KHz)

in(@ 1
Pé?\ficc?;r IWDG_PREDIV.PD[2:0] IWDG_REII\_/I\I/r.]I(?)EL[l?,:O]:O IWDG_RELVI.\I/I?aEXI(_E13:O]:Ox3FFF Unit
A 000 0.125 2048
/8 001 0.25 4096
/16 010 0.5 8192
/132 011 1 16384 ms
164 100 2 32768
/128 101 4 65536
/256 11X 8 131072

1.  Guaranteed by design, not tested in production

4.3.14 12C characteristics

Unless otherwise specified, parameters are measured using ambient temperature, fecix frequency and Vpp supply
voltage in accordance with Table 4-4.

The 12C interface of the N32G033 products conforms to the standard 12C communication protocol with the following
limitation: SDA and SCL are not “true" open-drain pins, and when configured as open-drain outputs, the PMOS tubes
between the pin and VDD are turned off but still present.

The 12C interface characteristics are shown in the table below, and see Section 4.3.12 for details on the characteristics
of the input/output multiplexing pins (SDA and SCL).

Table 4-26 12C interface characteristics

Standard Fast mode Fast+ mode .
Symbol Parameter model Unit
Min Max Min Max Min Max
- 12C Interface Frequency 0.0 100 0 400 0 1000 KHz
Start condition hold time
t 4.0 - 0.6 - 0.26 - us
h(STA)
SCL clock low time 47 i 1.3 . 0.50 - s
tW(SCLL) ' . . i
SCL clock high time 4.0 i 0.6 . 0.26 - s
tW(SCLH) ' . . i
Repeat Start Condition
LusTa) Establishment Time a7 i 06 06 020 ] i
SDA data hold time ) 3.4 . 0.9 - 0.41 s
thspa) ' ' : !
SDA build-up time 250 _ 100 . 50 - ns
tsuspa)
SDA and SCL rise ti
tisoa) an fise ime - 1000 | 20+0.1Cp | 300 - 120 | ns
tr(scL)
SDA and SCL fall time
tispa) - 300 20+0.1 Cy 300 - 120 ns
tscL)
Stop condition
LusTo) establishment time 4.0 i 06 ) 026 ) "
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Stop condition to start
tystosTA) condition time (busidle) |+’ - 13 ) 0.50 ) us
c Capacitive load per bus ) 400 ) 400 ) 200 of
Spike pulse width
suppressed by analog ) )
tsp filter in standard and fast 0 50 0 50 ns
mode
. Data validity time ) 3.45 ) 09 ) 0.45 s
V(SDA)
Answer validity time ) 3.45 ) 0.9 ) 0.45 s
tv (ack) M

1.  Guaranteed by design, not tested in production.

2. fpcLk must be greater than 2MHz to achieve maximum frequency for standard mode 12C. frcLk must be greater than 4AMHz
to achieve maximum frequency for fast mode 12C.

Figure 4-9 12C bus AC waveform and measurement circuit

VDD VDD
(2) (2)

47K . .

47KQ 1009(3)
1°C Bus ik SDA
WA scL

3)

1000

Repeated Start
Start Condition ;Jndltlon

scA /(T
/ o [T
J )< f - Start Condition
—— S %
tf(;D>A?)-<_ —>—< {;5pp) »—a—t5y(s0n) / \_

tv(spia tthA)‘ - " Hw(sTASTO)
th:(STA) tusckr) > —>t—;<— Stop Condition
SCL V(ACK)

I

=

S\ NS [,
tw(sckL) —i ti(sCK) =t e —piia— trsci) % - 5TO)
—1/fycr > 9 th clock

1% clock cycle

1. The measurement points are set at 0.3Vpp and 0.7Vpp.
2. Pull-up resistor resistance value depends on 12C interface speed.

3. The resistance value depends on the actual electrical characteristics. It is possible to leave the serial resistor unconnected and
connect the signal line directly.

4.3.15 SPI characteristics

Unless otherwise noted, SPI parameters are measured using ambient temperature, fecLk frequency, and Vpp supply
voltage conforming to the conditions in Table 4-4.

For details on the characteristics of the input-output multiplexing function pins (NSS, SCLK, MOSI, MISO of SPI),
see Section 4.3.12.
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Table 4-27 SPI characteristics

Symbol Parameter Conditions Min Max Unit
fecLk Master Mode - 16
SPI Clock Frequency MHz
Utescrry Slave Mode - 16
trscLticscLi) SPI clock rise and fall times | load capacitance : C = 15pF - 3 ns
DUCY(SCK) ?;C'I:'a"e input clock dutyl oo 51ave Mode 45 55 %
tauqnss) @ NSS Establishment Time Slave Mode Ltsyscik . ns
thnss) D NSS Hold Time Slave Mode TtsyscL - ns
twsckr® . .
twseLkny® SCLK high and low time Master Mode trcLer-3 | trcLk/BRT 3 ns
tougun)® Data Input Establishment Master Mode 4 -
o Time ns
tsu(si) Slave Mode 5 -
w Master Mode 4 -
thmi) . .
Data input hold time ns
sy Slave Mode 5 -
Data output access time
tas0) D@ utpu st Slave Mode, fecLk = 20MHz 0 100 ns
Data output disable time
tdis(SO)(l)(a) Slave Mode 2 24 ns
tuso® Slave Mode( After enabling edge ) - 28
v(SO) Data output valid time ns
tumoy® Master Mode( After enabling edge ) - 15
tysop® Slave Mode( After enabling edge ) 6 -
Data output hold time ] ns
tnaoy® Master Mode( After enabling edge ) 0 -

1.  Evaluated from a combination of VDD=3.3V/5V, load capacitance C=15pF, not tested in production.

2. Minimum value indicates the minimum time to drive the output, maximum value indicates the maximum time to get the data
correctly.

3. Minimum value indicates the minimum time to turn off the output, maximum value indicates the maximum time to place the data
line in a high resistance state.
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CLKPHA=0
NSS input I
p \ / /I
: tunss) | te(scLk) o / | th(nss) I I
< < ~ > < » |
[ T N\ | |
_ |
CLKPOL=0 I : tw(SCLKH) | | : | |
I tweciky | 1
| | I
I I g | I !
| | !
CLKPOL=1 | | ! Y ' | |
| ta(so) | I tyso) I thso) I M tais(so)
: | ! tr(scu() |
“ ,I I 3 ! ) f(SCLK) |
MISO output | : MSB out ><i Bit 6~1 out// LSB out >7
l
tsuesy | |
>, | ,
. i r{/
MOSI input | I MSBin !r>< Bit6~1i >< LSB in XZHHHHNHH
HHHHHZ( I
le thisn N
] '

Figure 4-6 SPI sequence diagram - slave mode and CPHA=1®

CLKPHA=1
NSS input \ {
i T /// | |
I o(SCLK) . t
t I > NS
sy, | | handl
CLKPOL=0 | IA |
| | twscikry | | | | I
I I fwscky 1 I ! : ! I
I K—>: | I | ! :
|
CLKPOL=1 | | | I Y tysow | t
| | I Ly
| taso) I: It csorr e ! I trscLi is(S0)
Ly t //// } !
MISO output >< : : MSB out ><i Bit 6~1 out >< LSB out ’—
tusy 1 thsy
—> > /
77
vostnest )N wsein ) misan™ X wssin XTI

1. The measurement points were set at the CMOS level of 0.3 Vpp and 0.7 Vop.
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. The measurement points are set at CMOS level: 0.3 Voo and 0.7 Vop.
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4.3.16 12-bit ADC characteristics

Unless otherwise noted, the parameters of Table 4-4 are measured using an ambient temperature, fucik frequency,
and Vop supply voltage that meet the conditions of Table 4-4.

Table 4-28 ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vpp® Supply Voltage - 2.4 - 5.5 Y,
VReE+ Positive Reference Voltage - Vb \Y
fapc ADC Clock Frequency - - - 32 MHz
@ Sampling Rate - 0.03 - 1 Msps

0
. (VSSA or VREF-
VN Conversion Voltage Range - connected to - VRer+ \Vj
ground)
Rain® External Input Impedance - See formula 1 Q
) VDD=3.3V - 1000.6 - Q
Rapc® ADC Input Resistance
VDD=5.0V - 688.38 Q
Capc® Internal sample and hold capacitance - - 13 - pF
) o VDD=3.3V - 63.4 - dB
SNDR Signal-to-noise distortion
VDD=5.0V - 63.76 - dB
TS(l) Number of Sampling Cycles - 4 - - 1/fapc
tsr AB(D Power-up time - 48 - - 1/fapc
tCONV(l) Conversion time - 12 1/fapc
labc ADC current consumption - - ‘ 1.56 ‘ - mA

1.  Guaranteed by design, not tested in production.
2. ADC performance metrics degrade with 2.4V supply
Formula 1: Maximum Ran formula
T _R
fapc X Capc X In(2N+2) ~ TAPC

The above equation (Equation 1) is used to determine the maximum external impedance such that the error can be
less than 1/4 LSB. where N=12 (indicating 12-bit resolution).

Ramv <
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Table 4-29 ADC sampling time "
Resolution Sample cycle@16M Sam(?vlllr;'gZ)Rate Minimum sampling time (ns) Rin (kQ)
4 1.000 250 0.9
0.889 375 1.9
14 0.615 875 5.9
20 0.500 1250 8.8
30 0.381 1875 13.8
42 0.296 2625 19.7
56 0.235 3500 26.7
) 72 0.190 4500 34.6
12-bit
88 0.160 5500 425
120 0.121 7500 58.4
182 0.082 11375 89.1
240 0.063 15000 117.8
300 0.051 18750 147.6
400 0.039 25000 197.1
480 0.033 30000 236.7
600 0.026 37500 296.2
Resolution Sample cycle@32M Sam(rl)\l/:r;'gZ)Rate Minimum sampling time (ns) Rin (kQ)
20 1.00 625 3.9
30 0.76 937.5 6.4
42 0.59 1312.5 9.3
56 0.47 1750 12.8
72 0.38 2250 16.8
88 0.32 2750 20.7
12-bit 120 0.24 3750 28.7
182 0.16 5687.5 44.0
240 0.13 7500 58.4
300 0.10 9375 73.2
400 0.08 12500 98.0
480 0.07 15000 117.8
600 0.05 18750 147.6
1.  Guaranteed by design, not tested in production.
Table 4-30 ADC accuracy &
Symbol Parameter Conditions Typ Max® Unit
EO Offset Error +2 -
Differential Linearity Error [fAoc = 32 MHz, Sample rate=1M sps,
ED e e Nooa = 33V, Ta= 25 T 0.6 285
EL Integral Linearity Error H5 1.58
EO Offset Error 4+ - LSB
Differential Linear Error [fAbc = 32MHz, Sample rate=1M sps,
ED _ Vooa = 5.0V, Ta = 25 T 0.6 325
EL Integral Linear Error +5 1.98
: - frcLk = 64MHz, fapc = 32 MHz, sample rate=1M .
ENOB | Effective number of bits sps, Ta= 25 T 10.15 - Bits
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1.  ADC Accuracy vs. Reverse Current Injection: Reverse current injection on any standard analog input pin needs to be avoided, as
it can significantly degrade the accuracy of a conversion being performed on another analog input pin. It is recommended that a
Schottky diode be added to the standard analog pin (between the pin and ground) where the reverse injection current may be

generated.

2. Guaranteed by characterization tests, not tested in production.

Figure 4-8 ADC Accuracy Characteristics

—_ VREF+ V DDA "
|:1 LSBiteaL= 06— or 05— Determined by package,

T e
4094 —]

4093 —

”IIIIIIIIIIIII/ 1 1] 11

e e e -

y

| | I | | | / I | | |
1 2 3 4 5 6 7 / 4093 4094 4095 4096

Vssa VpbA

Y

@ An example of an actual ADC

conversion curve

(2) Ideal conversion curve
®3) The actual conversion endpoint

line
Synthesis error: the maximum

Et deviation between the actual

conversion curve and the ideal
conversion line

Offset error: The difference between

Eo the first transition on the actual

transition curve and the first transition
on the ideal transition curve

Gain error: the difference between the

Ec last transition on the actual conversion

curve and the last transition on the ideal
conversion curve

Differential linear error: the

Ep difference between the actual step on

the conversion curve and the ideal
step (1 LSB)

Integral linear error: the maximum

EL deviation between the actual

conversion curve and the terminal line

Figure 4-9 ADC typical connection diagram

]: 06V

VDD
va Sample and hold ADC
0.6V converter
Ram @ AINx R "DC(l)

. [ 1 | 12bits

l I_ J rv conv e er|
Cparmil:ic
@ Vr IL (1)
=T~ Canc

1.  See Table 4-28 for Rain, Raoc, and Capc values.

2. Cparasitic represents the parasitic capacitance (approximately 7pF) on the PCB (related to soldering and PCB layout quality) and
pads. Larger values of Cparasitic will reduce the accuracy of the conversion and the solution is to reduce the fapc.
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4.3.17 Built in Reference Source (Vrerp) Characteristics

Unless otherwise noted, parameters are measured using ambient temperature, fucik frequency, and Vppa supply
voltage in accordance with the conditions in Table 4-4.

Table 4-31 Vrerp characteristics®

nsing.com.sg

Symbol Parameter Conditions Min Typ Max Unit
Voba Analog supply voltage normal mode 4 - 55 \Y;
Veers | g VOI08 Normal mode at 25C 35280 | 36 | 36720 v

Consumption from
@ - ; )
IopAl VDDA Iload =0 pA 800 HA
Load cap® | Load Capacitance - - - 20 pF
tstart® | Startup time - - - 5 us

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

2. Production calibration accuracy, excluding welding effects. The impact range of voltage deviation caused by welding is about +

1%.

3. Only supports application scenarios under 5V.

4.3.18 Operational amplifier (OPAMP) characteristics

Unless otherwise noted, parameters are measured using ambient temperature, fucik frequency, and Vppa supply

voltage in accordance with the conditions in Table 4-4.

Table 4-32 OPAMP characteristics

Symbol Parameter Conditions Min Typ Max Unit
Follow mode/Single ended 24 ) 55 v
VDDA analog supply voltage PGA mode
Differential mode 2.8 - 55 \%
CMIR Common mode voltage input ) 0 ) VDDA | Vv
range
VIOFFSET input offset voltage - '10 4 10 mvV
ILOAD drive current - - 0.5 - mA
IDDA Current consump_tl_on of No_ load, ) 05 ) mA
operational amplifier quiescent mode
CMMR Cor_nmon Mode Rejection ) ) 110 ) dB
Ratio
PSRR Power Supply Rejection Ratio - - 102 - dB
GBW gain bandwidth - - 5.5 - MHz
VDD=5.0V 6.16 - V/us
SR Slew rate
VDD=3.3V 5.68 - V/us
RLOAD Minimum impedance load - 10 - - KQ
CLOAD Maximum capacitive load - - - 25 pF
CLOAD <25 pf,
TSTARTUP Start establishment time RLOAD =10 k€, - 1.75 3 us
Follower
configuration
PGA Gain =2,
. i Cload = 25pF, - 1 -
PGA bandwidth for different Rload = 10 KO
PGA BW non — MHz
inverting gain GA Gain =4,
Cload = 25pF, - 0.5 -
Rload = 10 KQ
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GA Gain =16,
Cload = 25pF,
Rload =10 KQ

0.125

GA Gain =32,
Cload = 25pF,
Rload = 10 KQ

0.0625

Single PGA Gain

Programmable gain error

Input signal
amplitude>100mV

error (opal)

+/-2

%

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

4.3.19 COMP characteristics

Unless otherwise noted, parameters are measured using ambient temperature, fucik frequency,

voltage in accordance with the conditions in Table 4-4.

Table 4-33 COMP characteristics

and Vppa supply

Symbol Parameter Conditions Min Typ Max Unit
Vop Analog supply voltage normal mode 2.2 3.3 5.5 v
Vin Input Voltage Range VIN 0 - VDD

@ | Comparator start-up Normal mode - - 17 us
tsTART ild-up ti
build-up time Low power mode - - 12
Propagation delay for Normal mode - 100 -
ta 200mV step with ns
100mV overdrive Low power mode - 500 i
Comparator Input )
Vorrser Offset Error Full common mode range 15 0 mV
No hysteresis - 0 -
Comparison Low hysteresis - 12 -
Hysteresis Voltage - - mV
(High speed) Medium hysteresis - 31 -
High hysteresis - 52 -
Vhys R
No hysteresis - 0 -
Comparison Low hysteresis - 10 -
Hysteresis Voltage - -
(Low power) Medium hysteresis - 25 -
High hysteresis - 41 -
Static - 384 -
Comparator Current -
Ioo Consumption (High cmp Wc;th 50 kHz ﬂ_OO TV . 43 ) HA
speed) overdrive square signa
cmp static with 1* 6bit dac on - 74 -
Comparator Current Static - 6.1 - HA
Ioo Consumption (Low cmp With 50 kHz +100 mV - 6.7 -
power) overdrive square signal uA

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

4.3.20 Temperature sensor characteristics

Unless otherwise noted, parameters are measured using ambient temperature, fucik frequency, and Vppa supply
voltage that meet the conditions of Table 4-4.

Table 4-34 Temperature sensor characteristics

Symbol Parameter Min Typ Max Unit
T.® Vsense linearity with respect to temperature - + 45 <

Avg_Slope® Average Slope 37 -4.07 43 mv/e
Vs Voltage at 25€ - 1.247 - \%
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tsrartT® Build-up time 4 - 10 us
Ts_emp®® | ADC sampling time when reading temperature 8.2 - 17.1 s

1.  Guaranteed by characterization test results, not tested in production.
2. Guaranteed by design, not tested in production.

3. The shortest sampling time can be determined by the application program through multiple cycles.
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5 Package information
5.1 LQFP32
Figure 5-1 LQFP32 package outline
I D AZ DIM MIN NOM MAX
D1 ‘A_:i A - 1.6
Al 0.05 - 0.15
H H H H H H H H A2 1.35 1.4 1.45
| A3 0.59 0.64 0.69
LI | b 0.32 0.43
[ 11 c 0.13 - 0.18
(. | e 0.80BSC
D 8.8 9 9.2
— — ol w D1 6.9 7 7.1
(I 1 E 8.8 9 9.2
1] C 11 El 6.9 7 7.1
i -] L 0.45 - 0.75
L1 1.00REF
1] O (11 o o o -
e _Jbl.- )
[ ( :
< ' j WITH PLATING
( pd 18]
— L | A‘“BASE MET
L b SECTION A—A

(L)

1.

Figure 5-2 Suggestions for LQFP32 package solder pads®
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The unit of measurement is millimeters
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5.2 QFN32 (5x5mm)
Figure 5-3 QFN32 (5x5mm) package outline
= D |
| | i
- — Q_J J \_J u] \_,‘ '\_,l vl U DIM MIN NOM MAX
( _I__‘\ A 0.7 0.75 0.8
) crp (1 4 Al 0 0.02 0.05
LASER MARK - - b 0.18 0.23 0.3
e ) ] e 0.50BSC

[ (— D 4.9 5 5.1
L — o D2 34 35 36
- - E 49 5 5.1
[ (- E2 3.4 35 36
] ) = (] L 0.3 0.4 0.5

— -

ANARNENEARARANA
et
TOP VIEW b=
BOTTOM VIEW

1.

DETAIL A

pelall A

SIDE VIEW

Figure 5-4 Suggestions for QFN32 (5x5mm) package solder pads®
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i
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The unit of measurement is millimeters
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5.3 QFN32-1(4x4mm)

Figure 5-5 QFN32-1 (4x4mm) package outline

ii D =
-.f
T T DIM MIN NOM MAX
) 1 4‘ AAJ |LJ k,) U L) U U A 07 075 08
A \
N__LASER MARK > T a AL 0 002 005
S ] b 0.15 0.2 0.25
PIN 1 1D, ) C - e
[ ] D 3.9 4 41
- -~ D2 2.8 2.9 3
L — 1 E 3.9 4 41
~ oN -
D L C E2 2.8 2.9 3
W :) | /\— L 0.2 0.3 0.4
© D2
[ IS
T | -
> -
e aNaNaNals
v ANANN000N
TOP VIEW b —=
BOTTOM WVIEW
DETAIL A
Y
S— (
f \
= I < = \
= - = }‘
SIDE_VIEW v O] y
DETAIL A

Figure 5-6 Suggestions for QFN32-1 (4x4mm) package solder pads®
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1. The unit of measurement is millimeters
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5.4 QFN20/QFN20-1
Figure 5-7 QFN20/QFN20-1 package outline
D2
D
20 | - 20
| HOROEON!
| i 1
| ) | 72
4 +-——— - w - y = Tr—t—ter
| -, | (-
| _— | A
| 0 / il
| 10000
| . ]
TOP VIEW EXPOSED THERKIAL
PAD ZONE BOTTOM VIEW
DIM MIN NOM MAX
) A 0.7 0.75 0.8
[ Al 0 0.02 0.05
| < b 0.15 0.2 0.25
copoBogoly :
| D 2.9 3 3.1
_‘_N D2 1.55 1.65 1.75
SIDE VIEW < e 29 3 31
E2 1.55 1.65 1.75
L 0.325 0.4 0.475

Figure 5-8 Suggestions for QFN20/QFN20-1 package solder pads®
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5.5 UFQFPN20
Figure 5-9 UFQFPN20 package outline
DIM MIN NOM MAX
. “ A 0.492 0.55 0.608
Al 0.32 0.37 0.42
e 0.50BSC

D 2.9 3 3.1

" D2 2
E 2.9 3 3.1

E2 2

-l S scame puane

SIDE VIEW
TOP VIEW

Ax1 Bx7 Cx12
[ soder mask opening e a018-0038mm
LGA land —
FOR SMD TYPE FOR NSMD TYPE

BOTTOM VIEW

Figure 5-10 Suggestions for UFQFPN20 package solder pads®
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5.6 TSSOP20
Figure 5-11 TSSOP20 package outline
D DIM MIN NOM MAX
1 A - 1.20
J Al 0.05 - 0.15
A2 0.80 1.00 1.05
b 0.20 - 0.29
c 0.1 - 0.20
e 0.55 0.65 0.75
D 6.40 6.50 6.60
El 4.30 4.40 4.50
- — E 6.20 6.40 6.60
“ L - L 0.45 0.60 0.75
w L1 1.00 REF
|
a.
E

ORIl & .
B R

SECTION B-B

Figure 5-12 Suggestions for TSSOP20 package solder pads®
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Figure 5-13 LQFP32/QFN32 (5Smm*5mm) Marking information
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Specific number
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Figure 5-14 QFN32-1(4mm*4mm) Marking information
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Figure 5-15 UFQFPN20 Marking information
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MCU version number

Batch number

Batch number

Product series——— [ N32X XXX
XXXX -
XXXX =
Pinl -
Figure 5-16 QFN20 Marking information
Product series——» N 32 X XX X
Specific number - X XXX | [ X«
XXXXXXX
Pinl —@

Figure 5-17 QFN20-1 Marking information
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Figure 5-18 TSSOP20 Marking information
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6 Ordering Information
Figure 6-1 N32G033 series ordering code information diagram
N 32 G 0 33 K 8 L 7 -lo
Company
Abbreviation
Nsingtech
MCU Bit Width
32bit Packaging Types II
Types of Product 1
General Purpose Temperature Range
MCU Core 7:-40C~105<T
0 = ARM Cortex-M0
Product Series Package Type
33 = Value line L=LQFP
Q=QFN
Number of Pins EZTUSFS(S:PPN
K=3ZHm
F =20 Pins Flash Size
8 = 64K Flash
Notel:
This number is only enabled if there are multiple series with the same package
Table 6-1 N32G033 series ordering code information
Order Code® Package Package Size Packaging® SPQ®) temrpaerl]’g;u re
N32G033K8L7 LQFP32 mm * 7mm Tray 250 -40°C~105°C
Tray 490
*| - o — o,
N32G033K8Q7 QFN32 5mm *5mm Reel 2500 40°C~105°C
Tray 490
- - * - O, - O,
N32G033K8Q7-1 QFN32-1 4mm *4mm Reel 2500 40°C~105°C
Tray 490
* _40°C [¢}
N32G033F8Q7 QFN20 3mm *3mm Reel 5000 40°C~105°C
Tray 490
- - * - O, L~ O,
N32G033F8Q7-1 QFN20-1 3mm *3mm Reel 5000 40°C~105°C
N32G033F8S7 TSSOP20 6.5mm *4.4mm Tube 70 -40°C~105°C
Reel 3500
Tray 490
* - o — o,
N32G033F8U7 UFQFPN20 3mm *3mm Reel 5000 40°C~105°C

1. For the latest detailed ordering information, please refer to the selection manual.

2. This packaging is the basic packaging. If you have any other requirements, please contact National
Technology

3. Minimum packaging quantity
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Date Version Modify
2025.10.11 | V1.0.0 1. Initial Beta version
2025.12.23 | V1.1.0 1. Remove fail safe related descriptions from pin reuse definition, fail safe is not
supported
2. In the definition of pin reuse, the reuse function column COMP_SUT is
placed in the digital function column
3. TSSOP20 package size diagram update
4. N32G033F8S7 model adds Tube packaging
5. Update the ESD Absolute Maximum ESD value
6. Update the typical connection diagram using ADC
7. Update the maximum ED/EL value for ADC accuracy
8. Remove GPIO support for output open drain mode
2026.1.26 | V1.1.1 1. Add fail-safe function description to pin definition
2. QFN32 (4x4mm) package is uniformly named QFN32-1
3. QFN32-1 adds Reel packaging
2026.3.30 | V1.2.0 1. Update Table 4-1 Vpp - Vss and Vn parameter values
2. Update the parameter values for Tsrc and T; in Table 4-3
3. Update the description in Note 3 of Table 4-7
4. Update Table 4-18 ESD Absolute Maximum Ratings
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8 Notice

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 NSING Technologies Inc. and NSING 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 NSING has attempted to provide accurate and reliable information, NSING 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 NSING 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. NSING 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 NSING and hold NSING 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 NSING, anyone may not use, duplicate, modify, transcribe or otherwise distribute this

document for any purposes, in whole or in part.
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