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Nuvoton Technology

Introduction
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Company Overview

Zhubei Building 

Headquarters

Nuvoton Technology Corporation

Number of           
employees

Over 3,700 worldwide

Capital NT$4,198 million

Date of Establishment 2008/7/1

Date of IPO 2010/9/27 (TSE:4919)

Chairman Yuan-Mou Su

President Hsin-Lung Yang

Headquarters Hsinchu Science Park, Taiwan

Main Shareholder Winbond holds 51.2% share
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Worldwide Location

3 3

ChinaAmerica

Israel

Japan

Hong Kong

Hsinchu

Nuvoton Elect. Tech. (HK) Ltd.

Nuvoton technology Corporation 

Japan

Nuvoton Elect. Tech. (Shanghai) Ltd.

Nuvoton Elect. Tech. (Shenzhen) Ltd.

Song Zhi Elect. Tech. (Suzhou) Ltd.

Nuvoton Tech. Corp. America 

Nuvoton Tech. Israel 

Ltd.

India
Nuvoton Tech. India Private 

Ltd.
Singapore

Nuvoton Tech. Singapore Pte. 

Ltd.

Korea
Nuvoton Tech. Korea Limited 

Nuvoton Technology Corp.(HQ)

R&D Team

R&D Team

R&D Team

R&D Team

R&D Team
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Nuvoton is Around You

Automotive & 
Industrial

Computer

Communication

& Others

Consumer
Traffic control

ETC

Electric, 

Water, 

Heating, 

Gas

Lighting

Windows

Lamp

BM-IC

Networking

Communication control

Gerda

Infotainment

CSP MOSFET

HMI

CSP MOSFET

Touch MCU,

Sensor Fusion

EC

BMC

HDMI IC

USB 4.0

Oximeter 

Glousclose meter

cardiograph

Security
Inverter MCU

Audio IC

HDMI IC

IR, 2.4G, Bluetooth, 

Wi-Fi control

CSP MOSFET

48% 16%

18%
18%

Data: 2023Q2 revenue by 4C applications
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Company Performance

Worldwide Top 10 
Supplier of General 
purpose MCU

Worldwide Top 1 
Supplier of TPM/EC for 
commercial PC

Worldwide Top 1 
Supplier of MOSFET for 
smartphone

Leading 
Position
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Part of Our Valued Customers

6
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Our Vision

Looking ahead, Nuvoton, as a global citizen, will 
follow the global trend and adopt the 3R principle 
(Reduce, Reuse and Recycle) to achieve carbon 
neutrality and continue to uphold the purposes of 
green innovation and intelligence to make a positive 
impact on corporate social responsibility and 
sustainable development.
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新能源應用方案
BMS 與車載電池管理

Jenny Wang 王榆甄
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嵌入式 AI

啟動未來的智慧電網
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Smart Grids Architecture

Transmission / distributionPower Generation Energy Storage Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

• M467
• M2L31
• KA495xxA

• M467
• M2L31
• KA84917UA
• KA84950UA
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The global smart grid market is projected to grow from $35.07 
billion in 2021 to $140.53 billion in 2028 at a CAGR of 21.9% in 
forecast period.

Rise in number of AI and EVs

 To improved energy efficiency to the use of smart grids. 

Supportive Government Policies and Regulations

 Improved efficiency of fault detection and self-healing.

 Increased the security solutions with threat and response.  
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Unit: Billion USD

The global smart grid market
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Smart Grids Architecture

Transmission / distributionPower Generation Energy Storage Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

• M467
• M2L31
• KA495xxA

• M467
• M2L31
• KA84917UA
• KA84950UA
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Energy Storage System Architecture

Transmission / distributionPower Generation Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

• M467
• M2L31
• KA84917UA
• KA84950UA

• M467
• M2L31
• KA495xxA

Energy Storage
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Energy Storage System Architecture

Transmission / distributionPower Generation Electrical Vehicles

• M467
• M2L31
• KA495xxA

Energy Storage

Battery 
Management 

SystemEnergy 
Storage 
System
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Features

 Supports 512 KB ReRAM and 168 
KB SRAM

 Built-in Dual bank and Secure boot

 2 sets of CAN FD interface, up to 5 
Mbps transmission rate

 Supports up to 24-ch 12-bit 3.6 MSPS 
ADC 

 Built-in RTC with independent VBAT

pin to record time event

 Supports 0.3 µA power consumption 
in Deep Power-down 

 Supports IEC-60730 STL
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NuMicro® M2L31 Series Application 

Battery Management System

SPI Flash

DC-DC

Debug

SoC

SPI

UART

VDDBattery

NuMicro®

M2L31

Battery pack

CAN-FD

GPIO
False AlarmRTC w/ VBAT

12-bit ADC

BMIC
I2C

Show battery 
status

Battery 
voltage & 
current

CAN-FD

Gauge IC
I2C
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M2L31 Series
Latest Low Power Mainstream Microcontroller

16

Low power Consumption
60 µA/MHz @ normal run mode

2 µA @ Power down with RAM

300 nA @ deep power down mode

Independent Low Power Domain

Advanced Connectivity
USB 2.0 Type-C PD 3.1 Controller

USB2.0 FS with OTG

Up to 2 sets of CAN FD

Advanced Memory Structure
512 KB ReRAM Dual bank OTA

168 KB SRAM for RTOS

M2L31

High Density Memory and Low Power Series

User Interface
EBI interface

16-ch Capacitive touch

 Up to 72 MHz Arm® Cortex®-M23

 Operating Voltage: 1.71V to 3.6V

 Operating Temperature: -40°C to 105°C
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SPI Flash
SPI

SDIO

Battery
Pack

SD Card

Smart Grid
Remote Monitoring

NuMicro®

M467

Crypto Engine

Wired and Wireless 
Communication

Battery
Pack

Battery
Pack

Battery
Pack

Battery
Pack

HyperRAM
Hyper Bus

CAN FD

NuMicro® M467 Series Application 

Energy Storage System 
Features

 200 MHz Cortex-M4

 1 MB Flash (dual bank), 512 KB SRAM

 Secure Boot

 Ethernet 10/100M

 4x CAN FD

 Crypto Engine, Key Store, TRNG
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Roadmap for Industrial BMIC

Battery Voltage V.S Applications

E-scooter / E-bikes

E-moped / AGV

BTS / ESS/ Server

2021 2022 2023 2024 2025 2026

Low side

High side

72V17~22-S KA49522A

48V14~17-S KA49517A

36V10~16-S KA49503A • Accurate measurement 
in wide temperature

• Built-in fault detection
• Small package supported

KA497xxA 

KA497xxA 



NuDeveloper Ecosystem – Make engineers’ jobs easier.19

BMIC Features
Built-in fault detection

Specification KA495/97xx Competitor

Charger Detection ✔ ✔

Load Detection ✔ ✔

Small Current Detection ✔ ✔

FET Driver Fault detection ✔
Secondary

Protection only

FET Driver Status monitor ✔ External circuit

Current Measurement ADC 
diagnostic check function

✔ External circuit

MCU fault diagnostic check 
(MCU supply reset) 

✔ -

Charge/
Discharge SW

AFE

CHG DIS

Improve FET 
Drive Ability

Built in Safety 
Diagnosis

MCU

Built-in safety diagnosis function

Built in Safety 
Diagnosis

Built in Safety 
Diagnosis

1 2

3

4

Specification KA495/97xx Competitor

Charger Detection ✔ ✔

Load Detection ✔ ✔

Small Current Detection ✔ ✔

FET Driver Fault detection ✔
Secondary

Protection only

FET Driver Status monitor ✔ External circuit

Current Measurement ADC 
diagnostic check function ✔ External circuit

MCU fault diagnostic check 
(MCU supply reset) ✔ -

Secon-
dary 

Protec-
tion

1

2

3

4
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Smart Grids Architecture

Transmission / distributionPower Generation Energy Storage Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

• M467
• M2L31
• KA495xxA

• M467
• M2L31
• KA84917UA
• KA84950UA
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Electrical Vehicles and EV Chargers

Transmission / distributionPower Generation Energy Storage

• NUC980
• MA35D1
• M467
• NADC24

• M467
• M2L31
• KA495xxA

• M467
• M2L31
• KA84917UA
• KA84950UA

Electrical Vehicles
Vehicles
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Electrical Vehicles and EV Chargers

Transmission / distributionPower Generation Energy Storage

• M467
• M2L31
• KA84917UA
• KA84950UA

HMI
Module

Control Module

Communication 
Module

Automotive 
BMIC

Billing 
Module

PLC Meter

Nuvoton Solution Outsourcing

Electrical Vehicles
Vehicles
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Surge 
protector

Neutral Phase

Features

 512 KB ROM with dual bank controls for 
read-while-write (RWW)

 Secure Boot to increase chip security

 Supports 2x CAN-FD to communicate 
with charging gun

 Up to 8x UART to connect with 4G LTE, 
Wi-Fi, BT, NFC, RFID

 Up to 3x ACMP for signal detection and 
protection

 Supports up to 16-ch Capacitive touch

23

NuMicro® M2L31 Series Application 

AC type EV Charging Pile

SPI Flash

AC-DC

Energy Meter

Charging Gun

SPI

UART
RS-485

DC contactorRCCB

NuMicro®

M2L31

CAN-FD

ADC

ACMP

Touch key Cap 
sense

NFC/RFID I2C

剩餘電流動作斷路器: Residual Current Circuit Breaker
接觸器: Contactor

浪湧保護器: Surge protector

breaker

Temperature 
sensor

Wi-Fi/BLE UART

4G-LTE UART

Mobile

Cloud
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Advanced Features for M2L31 Series

ReRAM Security Ultra-Low-Power
Faster Rewrite speed

Supports “Word” & “Word line” 
programing 

Low Power consumption

Crypto engines
Secure boot

Write protection
Hardware pin lock

SIX Low Power modes
Independent Low Power domain
60 µA/MHz in Normal run mode

0.5 µA in deep Power down mode

24
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Advanced Features for M2L31 Series

25

Time (mS)

Flash ReRAM

Program by one page (4 KB)

136

90

Erase

46.1

65% Decreased!

44.8

1 word = 4 byte
1 page = 1024 word 
1024/64x2.8ms = 44.8 mS

ReRAM

No need Page erase
Faster reprogram speed than Flash
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Advanced Features for M2L31 Series

26

M2L31

One Time Lock PIN Lock

ReRAM

Secure
bootloader

WRP 1

Erase / Program WRP 2

WRP 3

WRP

WRP n




Erase / Program

User 
Configurations

Control 
registers

Static

Dynamic

Lock

Write protection

Hardware pin lock

1

2

3

CANNOT be erased or programmed

Security
Enable by Control registers or 

User Configuration 
The entire ReRAM can be 

divided into minimum 8k unit.
DUAL protection mechanism
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Advanced Features for M2L31 Series

27

Standby 
Power-down

Low Power 
domain

Deep Power-downNormal Power-
down, RRAM off

Idle mode, 
CPU off

Normal Run 
(72 MHz)

55µA

9uA

33 µA/MHz, 2.3 mA

60 µA/MHz, 4 mA

2µA w/ RTC

0.3µA w/o RTC

0.8µA w/RTC
1.5A w/o RTC

Smart 
peripherals allow 
to extend 
inactive  

MIRC/LIRC/LXT

SRAM Retention
RTC/GPIO

SIX Low Power modes
Independent Low Power domain
60 µA/MHz in Normal run mode

0.5 µA in deep Power down mode

Ultra-Low-Power 



NuDeveloper Ecosystem – Make engineers’ jobs easier.28

Auto Operation in Low Power Domain

 Low Power Peripherals can be 
functional and autonomous in 
Power-down mode.

 ACMP supports ADC trigger 
and wake up function.

LP Timer

Low Power SRAM

Arm Cortex-M23

Low Power Peripheral

SPI/ UART/ I2C/ ADC/
System tick timer/ GPIO

LPDMA

Wake up
LIRC/LXT 32 KHz

1/4/8/12M 
MIRC CLK
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Electrical Vehicles and EV Chargers

Transmission / distributionPower Generation Energy Storage

• M467
• M2L31
• KA84917UA
• KA84950UA

HMI
Module

Control Module

Communication 
Module

Automotive 
BMIC

Billing 
Module

PLC Meter

Nuvoton Solution Outsourcing

Electrical Vehicles
Vehicles
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Automotive BM-IC Roadmap

CY2010 CY2023

Released the press on 29th Aug

ASIL-D

BM-IC     25ch PM-IC

KA84950UA KA84917UA

• ±0.3% @ 2kA range

Gen 3
launch

Gen 4
launch

Gen 2
launch

Gen 1
launch

• ±1.5mV (typ.) 
• ±2.5mV (-40~150C)



NuDeveloper Ecosystem – Make engineers’ jobs easier.31

4th Generation of Battery Management Chipsets

Communication IC (COM-IC)

B
a

tt
e

ry
 c

e
ll

s

Pack Monitoring IC (PM-IC)

Battery Monitoring IC (BM-IC)

Detecting abnormality such as 
OCV / ODV

Dual ADC Redundant measurement for 
highest reliability

To improve communication 
robustness

Shunt resistor

Simplifying an BMS that consists of 100 to 200 in-series battery cells



NuDeveloper Ecosystem – Make engineers’ jobs easier.32

Estimation of State of Health (1/2)

Calculate the battery impedance from the voltage (V) and current (I) obtained from the battery system

SOH（State Of Health）

Deterioration rate based on new 
battery capacity as 100%

100%
80%

60%

Cell’s impedance (R)

Small Big

V

I

R

System example

Sh
u

n
t 

re
si

st
o

r

CM
-IC
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Estimation of State of Health (2/2)

Synchronized current and 
voltage measurement time [us]

10 100

●

●

Nuvoton

Competitor

E
s
ti

m
a

ti
o

n
 e

rr
o

r 
o

f 
im

p
e

d
a

n
c
e

Impedance（R）

time

Current（I）

time

Voltage（V）

time

Nuvoton

Competitor

R

I

V

＞100us

＜10us

Deviation

To measure current and voltage values simultaneously within 10us.
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Key Takeaways

Transmission / distribution Energy Storage Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

Dual bank
Secure boot
CAN-FD
• ESS-M467
• BMS-M2L31

High-side/Low-side FET control
Built-in fault detection
• KA495xxA

ASIL-D certified BM-IC, PM-IC
SOH Quick measurement
• 25-ch KA84950UA
• KA84917UA

ReRAM
Write Protection
Ultra-Low-Power 
• M2L31

AC EV Charging pile
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新能源應用方案
儲能管理

Steven Lin 林碩徽
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Key Takeaways

Transmission / distribution Energy Storage Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

Dual bank
Secure boot
CAN-FD
• ESS-M467
• BMS-M2L31

High-side/Low-side FET control
Built-in fault detection
• KA495xxA

ASIL-D certified BM-IC, PM-IC
SOH Quick measurement
• 25-ch KA84950UA
• KA84917UA

ReRAM
Write Protection
Ultra-Low-Power 
• M2L31

AC EV Charging pile
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 With the adoption of the United Nations climate agreement and goals approaching, 
governments and organizations are increasing the adoption of energy storage.

 Battery monitoring is an essential issue in the energy storage industry, and the 
Nuvoton MPU platform provides a complete solution.

37

Energy Storage Market Growth
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MPU

Cortex® -A35

Arm9™

8051 Cortex® -M0 Cortex® -M4Cortex® -M23

38

50 MHz

300 MHz

16 MHz

192 MHz

64 MHz

72 MHz

Operating
Frequency

24 MHz
M2511.8 3.3 5

M2613.31.8

M23541.8 3.3 L

NUC12623.3 5 U

M23513.31.8

M2623.31.8 U

M2521.8 3.3 5 U

M2541.8 3.3 5 L

M2531.8 3.3 5 UCF

M2583.3 51.8 ULT

M2561.8 3.3 5 LT

M2633.31.8 C U

M4601.8 3.3 UE CF

M4801.8 3.3 UE C

M453 C3.3 5

M471 U3.3 5

M452 U3.3 5

M4513.3 5

800 MHz
MA35D1 ULCFEV

NUC980 UE C

NUC970   UE C L

N329 ULV

N9H ULEV C

E

MS513.3 5

N79E3.3 5

N76E3.3 5

ML511.8 3.3 5

ML541.8 3.3 L

ML56 LT1.8 3.3

MUG511.8 3.3 5

M0513.3 5

Mini513.3 5

Nano1003.31.8

M0311.8 3.3

M0323.31.8 U

NUC0293.3 5 U

NUC2303.3 5 C

NUC13113.3 5 C

M032BT3.3 UBT

M031BT3.3 BT

M029G/M030G3.3

NUC131U53.3 C

M0A233.3 5 C

M0713.3 5

1.8

1.8

M031G3.3

Operating Voltage 3.3V1.8V1.8 3.3 5V5TrustZoneLow Power AEC-Q100

Feature USBU CANC LCDL Touch KeyT BluetoothBTEthernetE Video CodecVCAN FDCF

NuMicro® Ecosystem 

Microcontroller Platform

NUC1263.3 5 U

NUC12613.3 5 U

NUC12633.3 5 U
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NuMicro MPU for Energy Monitoring

39

NUC990/S2

Energy Storage Monitoring EV Charging Station Monitoring

PV Inverter Monitoring Power Network Monitoring

MPU series
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 Edge computing for energy gateway applications will require higher 
computing performance and security.

 Nuvoton MA35D1 platform provides the requirements of high computing 
performance and high-speed peripherals.

40

Edge Computing for Energy Storage 

Flash

NuMicro®

MA35D1

CAN Devices
External 
Network 

Sensors

CAN FD x4

UART x16
ADC, I2C

RGMII x2

USB x2

QSPI / NAND

4G LTE 
Module

Touch LCD 
Display

RGB          ADC

SD Card
SDH x2 Energy 

Meters

SPI

TSI DDR

Cortex-
A35 x2

Cortex-
M4

MA35D1 Features
 BGA312 / LQFP216 packages

 Stacking DDR up to 512 MB

 2 sets of Giga Ethernet for external network

 2 sets of USB 2.0 HS host for connecting 4G module

 1 set of SDIO3.0 and 1 set of SDIO2.0

 Up to 4 sets of CAN FD

 Up to 17 sets of UART (up to 9.5MB), and I2C, ADC for 
connecting sensors.

 Up to 6 sets of SPI for connecting energy meters

 TFT-LCD by parallel RGB-24 bit I/F

 ADC for resistive touch screen

 TSI (Trusted Secure Island) for Security
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Successful Story: Energy Storage Monitoring

 An Energy Storage Monitoring is a control and communication unit in 
the energy storage system. It can collect environmental information and 
monitor the status of battery pack.

41

NuMicro® NUC980 

LED 

GPIO

BMS

CAN*4

Linux OS

Flash

Ethernet  
PHY

4G/LTE 
Module

USB

Temp. 
Sensors

UART

RMII

QSPINAND

Industrial 
Display 

SPI

(Battery pack)SD 
Card

SDIO

NuMaker-IIoT-NUC980G2

Energy Storage 
Gateway

BMS

(Battery pack)

Energy Storage Monitoring
Cloud

MCP 64 to 128MB DDR 
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Successful Story: PV Inverter Monitoring

 A PV Inverter Monitoring connects photovoltaic systems to the grid, 
managing energy production. It features data monitoring, remote 
control, and integration for efficient solar power utilization.

42

Ethernet 
PHY

NAND Flash

RMII

RS485

4G Module

USB Host

QSPI

Solar 
Inverter

NUC980

Main component 
and interface

Spec

MPU NUC980DK63YC

Speed 300 MHz

DDR 64 MB

Ethernet 10/100M

USB 4G module

RS-485 Solar Inverter

QSPI NAND Flash

Protocol IEEE 2030.5*

Cloud

NuMaker-IIoT-NUC980

PV Gateway

Compact PV Gateway

NuMicro®  NUC980 

Linux OS

MCP 64 to 128MB DDR 

PV Inverter Monitoring
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Recommended EVB for Energy Storage Monitoring

 Key features of NuMaker-IIoT-NUC980G2D

。NUC980DK71YC (MCP 128MB DDR) + CAN Bus x4 + SPI LCD (supports emWin)

 Suitable applications: 

。 Energy Storage Monitoring, PV Inverter Monitoring, EV Charging Pile Monitoring, 
Power Network Monitoring, etc.

43

Features:
• NUC980DK71YC (MCP 128MB DDR)
• 1 Gbit SPI-NAND Flash
• 10 / 100 Ethernet x 1
• USB 2.0 High Speed Host x 1 + Host / Device x 1
• Mono microphone input / Stereo headphone output
• MicroSD card slot
• USB Power and CDC Debug Port
• External memory expansion interface
• Arduino compatible interface
• UART x 3
• CAN bus x 4
• TFT-LCD display (QVGA)
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 In addition to EVB hardware, Nuvoton also provides software BSP and 
example code to accelerate energy application development.

44

Accelerate Energy Application Development

Nuvoton NUC980 Series

300 MHz 
emWin

Library

DDR 
64/128 MB

Network Protocols
MQTT / CoAP / HTTPS

SPI

GUI design by emWin AppWizard

Windows

Linux OS/

OpenWrt

(4G LTE, WiFi…)

Ethernet

UART, SPI, 
I2C, CAN …

LCD Panel

NuMaker-IIoT-NUC980G2D
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Success Story: EV Charging Pile Monitoring

 An EV Charging Pile Monitoring enables efficient EV recharging with 
multiple standards and smart grid integration, fostering sustainability 
and EV adoption.

45

NuMicro® NUC980

NSP

UART /I2C / GPIO

BMS
CAN

Energy 
Meter

UART/ RS-485
Linux OS

Storage Flash

Ethernet  
PHY

BT Module
UART

GPIO

RTC
I2C

Relay 
Controller

4G Module

USB

RMII

QSPINAND

LCD Display 

SPI

NFC reader
UART

MCP 64 to 128MB DDR 

AC

Control 
board

Speaker

Cloud

EV Charging Pile Monitoring
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Nuvoton Sound Processor (NSP)

NuMicro®

MCU

Nuvoton 
Sound 

Processor
(NSP)I2C

UART
GPIO

Speaker

Sound of the World!
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NSP Voice Assistance Applications
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 Interface with Host MCU: I2C or UART

 Voice Duration (Flash type): 96”, 177”, 
420” @ 12 KHz 

 2-ch Voice Playback

 Low Standby Current: < 1 μA

 OTA (Over The Air) Voice Content 
Update 

 Tiny Package Form: SOP8

 Flash Endurance: 100K times

48

NSP Application on EV Charger

NSP
(Flash)
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 Solution: Host MCU + NSP2340A

 Voice Assistance: 

。 Charging operation guide

。 Charging status report

。 Abnormal function reminding 

。 Abnormal operation warning

。 OTA to upgrade content (option)

 Market: China & Global

50

Successful Story: EV Charger
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 Solution: Host MCU + NSP2170A

 Voice Assistance: 

。 Charging operation guide

。 Charging status report

。 Abnormal function reminding 

。 Abnormal operation warning

 Market: China

52

Successful Story: EV Charger for e-Bike
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NSP Series Product Selection Guide

Part No.

Duration (sec.)

Package OTA
VDD 
(V)

Audio Output
(8Ω, THD+N≤ 1%) Operating 

Temperature

Interface

12 KHz 16 KHz 3.3V 5.5V 1-Wire 2-Wire UART I2C

NSP2080A 96 72

SOP8 √ 2.0~5.5 0.2W  0.5W -40~85ﾟC √ √ √ √NSP2170A 177 133

NSP2340A 420 315

NSP2080A01G 96 72

SOP16 √ 2.0~5.5 0.4W 1.0W -40~85ﾟC √ √ √ √NSP2170A01G 177 133

NSP2340A01G 420 315
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新能源應用方案
高效能馬達控制

Ace Wang 王超羣
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Industrial 48V Fan 

Motor Driver
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Power consumption increases due to high performance requirement 

56

Datacenter market

99.6 123.8
153.7

190.9

564.2

0

200

400

600

2022 2023 2024 2025 2030

Hyperscale Data center

CAGR 24.2% (2022-2030)

Source : Panoramadatainsights, WW Hyperscale Forecast, 2022-2030

[USD Billion]

Source: https://www.tdk.com/ja/featured_stories/entry_015.html

0

25,000

50,000

2022 2023 2024 2025 2030

Data Center 
Energy Consumption Forecast

Power
Consumption
[1HM kWh]

15% of WW Power Generation@2030

160%
100%

320%

570%

940%
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 Sever Trend: High speed and High density for increasing processing data

Require reliable and high performance Fan fits into 1U size 

57

Server trend

Rack

80 mm

2U fan

For small size PCB 
➡ Small Motor driver IC package

and Minimizes components  

44.5 mm

28 mm

12V/1U size 

fan motor PCB
50 TWD

2U:
10 unit

1U:
18 unit

Rack

2U server: Max unit/rack = 10 unit 1U sever: Max unit/rack = 18 unit

89 mm
40 mm

1U fan
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Require 48V Fan with 1U size for high efficiency server performance

58

Server Fan motor (48V)

FAN Size
Power Supply voltage

12V 48V

1U ✓ Next Challenge

2U≦ ✓ ✓

~ AC/DC DC/DC
48V

POL

POL

CPU

GPU

16 unit

12V

16 unit

48V Fan motor system has High efficiency 
➔Power consumption of MTD is 

1/16 less than 12V Fan motor system
GPUCPU Power supply

HDD, ODD

Fan motor
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Realizes automatic fine control for high efficiency 

59

Nuvoton Exclusive Solution

Hall signal

BEMF phase

Motor Current phase 

Phase Control

Core technology Nuvoton exclusive technology

Auto Advanced Phase
& Rapid Softswitch

A2PRaS for efficiency 
at wide speed range
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A2PRaS optimizes waveforms throughout all speed

Hall signal

BEMF phase

Without A2PRaS  

With A2PRaS (Nuvoton exclusive technology)  

Motor current phase

Low efficiency due to distorted motor current at high speed

Hall signal

BEMF phase

Motor current phase

Advanced phase
Rapid Softswitch

Phase shift

✓Adjustment required

✓Another adjustment required 
from mechanical deterioration

Advantage

✓No fine adjustment is required

✓Automatically adjust shift from 
mechanical deterioration

Motor

M
Speed
Command

Hall

Command
Generator

DUTY

Current
Sensing

･Advanced Phase
･Rapid Soft Switch

Phase
Control

Hall
Detection

Power
FET

Gate
Driver

Motor

M
Speed
Command

Hall

Command
Generator

DUTY

Hall
Detection

Power
FET

Gate
Driver

IC

IC
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Achieves high efficiency throughout all speed by waveform optimization of A2PRaS

61

Benefits: High efficiency at wide speed range

High SpeedLow Speed

With A2PRaS 
(KA44370A)  

Without A2PRaS 
5.38W

9.20W1.92W

2.45W

4.32W

10.70W

▲14%▲20%▲22%

Input
Power

Input
Power

Input
Power

Motor current(0.5A/div)

FG(5V/div)
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Realize 1U Fan by 48V direct input with Small package 

62

Benefits: Suitable configuration for 1U Fan

40mm

OTM

CONTROL

LOGIC

Gate Bias 

Internal 
Supply

Advanced Phase
Rapid Soft Switch

Phase
Control

Gate

DRV M

Hall

Hall
Comp

Hall 
Bias

Speed
Command

48V input directly
✓ No need parts for high voltage
✓ High efficiency

QFN4x4 
✓ Achieve 1U Fan 

NMOS 
Drive

Current
Sense

1U fan motor

28mm

1U fan motor 
PCB

KA44370A

KA44370A
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High performance MCU 

for Motor Control
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Cooling Fan for server/ telecom/ 3C

How to select motor controller
Speed

Voltage

Industrial control M483
M2L31

KA44370
Series

High Speed
Control 

Precise
Control

Silent
Control
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Performance

 Core: M23/M4

 Clock rate: 72 to 200 MHz

Memory

 Flash: 256 to 1024 KB

 SRAM: 128 to 512 KB

Peripheral

 PWM: up to 12 channels

 ADC: 1 to 3 sets, up to 5 MSPS

 DAC, CMP, OP (Protection) 

 E-Capture, QEI (Motor position detecting)

 CAN, UART, SPI, etc.

65

MCU for Motor Control

EPWM

ADC

NOP914

E-Capture

QEI

EPWM

CAN FD 
/UART

NuMicro®

MCU

BLDC MotorGate Driver

Step Motor

Hall 
Sensor

Encoder

Communication
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MCU Platforms for Motor Control

66

Series M467 M463 M483 M2L31

Core Cortex-M4 Cortex-M4 Cortex-M4 Cortex-M23

Clock rate (MHz) 200 200 192 72

Flash (KB) 1024 (dual bank) 256 256 256/512 (RRAM, dual bank)

SRAM (KB) 512 128 128 168

PWM 12ch EPWM + 12ch BPWM 12ch EPWM + 12ch BPWM 12ch EPWM + 12ch BPWM 12ch EPWM + 12ch PWM

CAN Up to 4x CAN FD Up to 2x CAN FD Up to 3x CAN2.0B Up to 2x CAN FD

ADC
3 sets, 12bit, 5MSPS, up to 

28ch
1 set, 12bit, 5MSPS, up to 

16ch
2 sets, 12bit, 5MSPS, up to 

24ch
1 set, 12bit, 3.6MSPS, up to 

24ch

DAC 2 sets, 12bit, 1MSPS - 1 set, 12bit, 1MSPS 2 sets, 12bit, 1MSPS

Analog Comparator 4 sets 2 sets 2 sets 3 sets

QEI 4 sets 2 sets 2 sets 2 sets

eCapture 4 sets 2 sets 2 sets 2 sets

OP Amp External NOP912/914 External NOP912/914 External NOP912/914
Build-in 3 sets PGA

External NOP912/914

PD3.1 support - - - available
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• Dual port certified solution
• Supports sink, source and dual Role
• Supports PD 3.1  240W (EPR 48V)

NuMicro®

MCU

VDD

TCPC
I2C Master

USB 

Buck 
Boost

VBUS

MCU without Type-C PD controller

NuMicro®

M2L31

CC1/CC2

VBAT

USB

MCU with Type-C PD controller (Low Voltage)

NMOS

VIN VBUS

Charger I2C
2

Battery

PMOS

CC1/2

VDD

Buck 
Boost

NMOS

VIN VBUS

Charger
2

Battery

PMOS
VBUS

PMOS

VddIO

Ty
p

e
-C

P
o

rt

Ty
p

e
-C

 P
o

rt

• USB Type-C PD PHY and Stack
• Protocol Layer
• Policy Engine

GPIO

Advantages of M2L31 PD 3.1 Solution
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Factors driving Growth
• Wide-spreading demand for laws on 

standardization of chargers for 
electronics.

• Deployment of USB-C ports from 
mobile to personal computers

Global USB Type-C Market

34.4%
CAGR from 2022-27PD1.0

2012

2014

PD2.0
20V/5A

2017

2021
PD3.0

3.3V~21V/5A

PD3.1
15V~48V/5A

Source: https://www.graniteriverlabs.com/en-us/technical-blog/usb-pd-power-delivery-spec-versions
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Conclusion

Cooling Fan Solution
• High Speed Control

Home Appliances/Computer
• Medium Speed Control
• Silent Control

Industrial Solution
• Ultra Low Speed Control
• Precise Control

KA Series
• Hardware-logic
• For Cooling Fan 
• Code-free
• GUI-Support

MTD

M2L31 & NM series 
• Low power  
• Flexible application
• PD3.1(only M2L31)

MCU

M463 & M483
• High performance
• Precise application

MCU
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車用物聯網

TOF 辨識技術及車用 Gerda® 解決方案

Stan Lin 林士強
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Introduction of

Automotive HMI 

Solution- Gerda
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About Gerda®

Rear-Mirror

Side-Mirror

HUD

Motorcycle Meter

Display Audio
Meter

HVAC

Information

FeatureApplications

⚫ Fast Boot: Displayed within 0.5s

⚫ Improved visibility of images: Super resolution 
/Contrast correction

⚫ Security: Program tampering prevention

⚫ Failure diagnosis: Anomaly detection of telltale 
display

⚫ High quality graphics: 2.5D/ 3D

⚫ Music playback, smartphone cooperation

Reliability

Secure

Comfortable
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Applications for Gerda® SRE Super Resolution Engine

ICE Image Compression Engine

DCE Distortion Correction Engine

HUDMeter Cluster HVAC

WXGA

WVGA

WQVGA

e-Mirror

Resolution

Application

Gerda-4L
216 pin: built-in RAM 

Gerda-4L
256 pin: external SDRAM

Gerda-ZWEI
144 pin: external Hyper-RAM
100 pin/128pin: built-in RAM

Security

Functional safety

Security

SRE

DCE

Security

ICE

SRE

DCE

ICE DCE

SRE

Functional safety

Functional safety

Gerda-EINS
216 pin built-in RAM

Security
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Gerda® Solutions for Meter Cluster 

High Quality Display:
Smooth Gradation Color with Dithering

Colorful Display:
By 3D Icon Texture, Colorful Expression 
Available with 2.5D Engine

Efficient Image Memory (RAM) 
Design:
High Resolution and Clear Image By 
Frame Memory Compression Technology

Translucent:
Add Strength with Translucent 
processing for Icons like Alert

Display High Quality:
Anti-Aliasing Function to smoothen the 
outline of meter needle pointer

Efficient Flash Memory Design:
Various Expression like Animation or 
Multi-language 
By Texture Material Compression 
Technology (Compressibility: approx. 25-
50%)
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Gerda®  HUD Features

Coordinate 
Transformation

Coordinate Specification

Example: Keystone correction

Correct Distortion with Low Latency

By hard engine processing, reduce the 
load on display or other functions.

Result of Distortion Correction

Other Available Correction Types

Convex lens type Concave lens type Horizontal bird view 

rotate

Vertical bird view 

Expansion Shrink

Trimming
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Mirror System

78

Gerda® E-Mirror Features

Fast boot

Improved visibility of Images (Clearance)

Improved visibility of Images (dark place)

displayed within 0.5s

Hi-resolution

Contrast Correction

Dirt detection

View point transformation (free form)

Processing with low latency

Dirt Detection

petal detection → activate washer

Distortion Correction

Easy-to-Recognize Images

1 frame process

Image input+
Improved visibility+
Free transformation

Ensure safety with quick processing
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Product Roadmap
Application Ready CY2020 CY2021 CY2022 CY2023 CY2024 CY2025 CY2026 CY2027

Gerda-ZERO
T40DRAM/QFP128

1.3Mpix Camera 2Mpix Camera/Improve Visibility

Full-HD/Low-latency warpingWVGA/Low latency warping WXGA/Low-latency warping

Safety & Secure (OTA/CSMS)

Full graphics LCD Connected Safety & Secure

↑Dev. Start MP Start↑

ES

Gerda-EINS
T28/QFP 216

Gerda-4L
T28/QFP 216,256

Gerda-ZWEI
T28/QFP100,128,144

27CY

Gerda-5
T22ULL(T.B.D)/QFP (T.B.D.)

T40DRAM/QFP216,256
Replacement

Replacement

25CY EOL

Gerda-3

25CY EOL

HyperRAM(512Mbit)

QSPI-NAND(1Gbit)

HyperRAM(512MBit)

QSPI-NAND(4Gbit)

Gerda-DREI
T22ULL(T.B.D)/QFP(T.B.D)

HyperRAM(512Mbit)

QSPI-NAND(2Gbit)

ARM CM7

ARM CM33 ARM CM33

ARM CM33

ARM CA9

Other

E-Mirror

HUD

Meter Cluster

Arm Cortex-M7

Arm Cortex-M7

Arm Cortex-M33

Arm Cortex-M33

Arm Cortex-M33

HyperRAM(512MBit)

HyperRAM(512MBit)

Arm Cortex-A9

HyperRAM(512MBit)

QSPI-NAND(4Gbit)

QSPI-NAND(4Gbit)

QSPI-NAND(2Gbit)

SDRAM(256Mbit)
SDRAM

Security

Security

Security

Security Security

3Mpix Camera/Widen FOV
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Introduction of TOF 

sensing solution
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Principle of pulse indirect TOF measurement
Measuring distance utilizing reflection of illuminated pulsed Near Infra Red (NIR)
Detect W/D/H of objects → Describes 3D coordinates by point cloud

TOF Sensor Time

Δt

Light pulse timing
Ranging method

Sensor output

Illuminated
NIR Light

Reflected
NIR Light

Light Source
TOF Camera

3D Point Cloud image

Round trip time

Object

2D IR image

Convert

Calculate distance based on Δt
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Target Applications 
Applications cover a variety of applications that require low-motion blur, outdoor use, and long-distance ranging.

*AMR: Autonomous Mobile Robot
**SLAM: Simultaneous Localization and Mapping

Indoor Outdoor

Gesture U/I

Low latency < 20 ms
Low motion blur < 10 ms
High resolution > QVGA

Behavior Detection

Sunlight tolerance > 100K lux

Wide angle > 90°
High accuracy < 1%

1m 3m 6m 18m

SLAM**

Wide angle > 90°
Mid range > 5m

High accuracy < 1%

Obstacle Detection

Sunlight tolerance > 100K lux
Long range > 10m

High resolution > VGA

Distance

Target Specs (Our estimation)

Indoor ～ Outdoor

Commercialized
2016~

Wall

Table

AMR

Step

XR (VR/AR/MR) Human Monitoring AMR* Digital Container

Commercialized
2019~

Commercialized
2023~ On going
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Comparison of Motion Blur Performance
Nuvoton TOF can effectively suppress motion blur and depth aliasing.
→ Perfect for use with moving cameras and detecting moving objects

Near FarNear FarNear Far

Low motion blur Medium motion blur

No depth aliasing Depth aliasing occurs

High motion blur

Less depth aliasing*CW: Continuous Wave

Nuvoton-TOF KW33000
Unique TOF (4-Tap Pulse TOF)

Conventional TOF
Single frequency mode (2-Tap CW*-TOF)

Conventional TOF
Dual frequency mode (2-Tap CW-TOF)
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High Sunlight Tolerance
Nuvoton TOF camera can detect correctly “under strong sunlight” and “wear glasses.”

Nuvoton TOF Camera(IR mode) General purpose NIR camera

powered by

-Drowsiness
-Face Orientation
-Motion
-Gaze
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Long Range Measurement (Human Detection)
Nuvoton pulse TOF and TOF library can support over 10m and wide range measurement.
And we can recognize intrusion into a particular area, flow line, people counting, and height.

Human detection
Height measurement

People count
Movement direction prediction
Movement vector after 1 second
Movable area estimation

Red circle ：current position
White arrow direction ：moving direction
White arrow length ：moving speed
White fan range ：area of human mobility

16m

8m

12m

4m
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Long Range Measurement (Digital Container Capacity Rate)

11.5m

2.3m

2.0m

Nuvoton 4-tap pulse TOF can support over 10m range measurement

0.00%

4.20%

7.30%

Cardboard box

Expected value of capacity rate

TOF Camera
(15m range type)

Container

3m

2m (Empty)

11.5m

Measurement video of Container capacity rate Camera placement and capacity rate image
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TOF Sensor Roadmap

KW33100 
1/4” 0.5M

~60fps

2019 20202017

KM34906
1/4” VGA   

~30fps

P
e
rf

o
rm

a
n
c
e

20212018 2022 2025 ~2023

MN34902
1/4” VGA

~30fps

KM34908
1/4” HVGA

~30fps
KM34930

1/8” QVGA
~60fps

Cut down

2015 2016CY2014

Wide & longer range
0.5~20m, 120°x80°/~150klux

Sensor

Solution

Personal space sensing
0.2～3m, 110°x70°/~50klux

Wide & short range
0.2～6m, 110°x70°/~50klux

Wide & long range
0.3~10m, 120°x80°/~150klux

2024

KW33000
1/4” VGA

~60fps

Nuvoton will improve the TOF sensor to the needs of 3D applications.

Under planning

Under developmentIn production
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智慧工業物聯網方案

自動化工業控制

Jason Tu 涂結盛
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SMART CITY

SMART FACTORY

Where the “SMART” is, 
Where the “SENSOR” is.

Nuvoton offers you

• Highly integrated analog M091
• Discrete analog NADC24, NOP
• I3C sensor hub NUC1263
• Strong immunity value up MG51
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SMART CITY

SMART FACTORY

NuMicro® M091 Series, a Highly Integrated analog MCU

with Build-in OPA/ADC/DAC for Sensor Application in Industrial 

Automation.

Photoelectric Sensor Position Sensor Pressure Sensor Sensor Module
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NuMicro® M091 Series

for Sensor Application in Industrial Automation

Plentiful Analog

16 Chs of 12-bit 2 Msps ADC
4 Sets of 12-bit 1 Msps DAC

Build-in Temp. Sensor
±2 °C (-40°C to 105°C)

Accurate Temp. SensorStrong Core

Arm® Cortex®-M0 
72 MHz, PLL 144 MHz

Small Package Size: QFN33 4 mm x 4 mm & QFN48 5 mm x 5 mm

High Precision OPA: Offset Voltage 50 µV

Economic: MCU equipped with OPA, Temperature Sensor, and other Plentiful Analog Peripheral

Powerful OPA

4 Sets of OPA
Offset Voltage 50 µV

Gain Bandwidth 8 MHz

Small Package

QFN33 4x4 mm
QFN48 5x5 mm 
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SMART CITY

SMART FACTORY

NuMicro® M091 Series, a Highly Integrated Analog MCU

with for Sensor Application in Industrial Automation

Photoelectric Sensor

Photodiode
LED Driver

LED Indicator

IR LED
Small Signal Input

OPA ADCAmplified Signal Output

DAC

GPIO

Light
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Discrete Analog IC - for 

industrial control
NOP912/914 series High Precision Op Amp

NADC24 series Delta-Sigma 24-bit ADC
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 Chopper-stabilized amplifier

。 Minimizes input offset 
voltage and offset drift 
over time and 

temperature.

 Operating temperature: 
-40°C to +105°C

 Operating voltage: 
2.7V to 5.5V

95

NOP912/NOP914 Precision Op Amp

Low Offset Voltage Rail to Rail Input/Output

• ±50 µV
➢ Reduced error in output

• Input：0V to VDD
• Output：0.1V to VDD-0.1V
➢ Maximize input range and 

output swing

Low Temperature Drift High Slew Rate

• 0.05 µV/℃
• Accurate measurement is 

not affected by temperature

• 6V/µs
➢ Accurately amplifies fast 

changing signals

Wide Unity-Gin BW Standard package

• 8 MHz
➢ Capability of handling high

BW signals

• NOP912: SOIC-8, 2 Amps
• NOP914: TSSOP-14, 4 Amps
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NOP912/914 Precision OP Amp for Motor Control

96

OP amp amplifies current sensor signals for monitoring NOP912/914 Precision Op Amp’ advantages

• Low input voltage offset: 50 µV
• Monitoring currents accurately to enable 

precise control.
• Low input voltage temperature drift: 0.05 µV/℃

• Ensures stable control despite varying 
temperature changes.

• Wide Unity-Gain Bandwidth: 8 MHz
• Enable precise control of motor with rapid 

changes in direction & speed
• High slew rate: 6V/µs

• Allows the motor controller to respond quickly to 
changes in input
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NOP912/914 for Photoelectric Sensors

97

Photodiode

Photoelectric sensor

Amplification

Amp1

NOP912

Amp2

Low-pass filtering MCU

ADC NuMicro®

MCU

NOP912/914 Advantages

 Multiple Op Amps in one chip

。 Two-stage Amplification

。 Noise reduction

。 Ant-aliasing

 NOP912 contains 2 amplifiers

 NOP914 contains 4 amplifiers

。 Effectively simplifies 

compact PCB design
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 24-bit Delta-sigma ADC

。 High resolution, low noise

 Operating temperature:

。 -40 °C to +105 °C

 Operating voltage: 

。 2.7 V to 3.6 V

98

NADC24 24-bit Delta-sigma ADC

Low noise Multiple channels

• ENOB up to 22-bit • Up to 8 single-ended ch.
• Up to 4 differential ch.

High data rate Integrated temperature 
sensor

• Data rate up to 96 Ksps • Up to ±2 ℃ accuracy

Internal voltage reference Integrated DAC

• 1.2 V or 2.4 V • 12-bit DAC

DAC
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NADC24 24-bit ADC for Precision Power Measurement

99

M4521

NADC24D003FA
TSSOP20

SPI

NADC24 Meter EVB

Isolation OLED
(Display)

Nuvoton PSU Meter ToolPower Supply Unit

V+

V-

I+

I-

USB

• Stable power supply is critical in industrial applications
➢ Data center, production lines, fabs

• Precision power measurement is required
• NADC24’s strengths

➢ Low noise: ENOB up to 22-bit
➢ High Speed: Output Data Rate up to 96 Ksps

I2C
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NADC24 for precision weighing scales

100

M254SE3SE
NADC24D003FA

TSSOP20

SPI
4 COM
16 SEG

Segment LCD

24-bit ADC MCU
Load cell

+Exc

+Sig

-Exc

-Sig

R

R

R

R

Equivalent circuit

LQFP 64

Weighing Scale EVB

• NADC24’s outstanding low-noise performance: up to 22-bit ENOB
• For a load cell sensor of max. 50Kg, with NADC24, scale’s output resolution can be as good as 0.1g.
• Low-power M254 MCU plus NADC24 make a perfect design of precision weighing scale.
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 Arm® Cortex®-M23 72 MHz

 Operating Voltage: 2.5V to 5.5V 

 Operating Temperature: -40°C to +105°C

 High interference immunity 

EFT 4.4 kV, ESD HBM 8 kV

 I3C slave support up to 12.5 MHz

Very first 5V MCU Support I3C interface 
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NuMicro® NUC1263 Series MCU

High performance and 5V
72 MHz Arm® Cortex®-M23

Operation Voltage 2.5V to 5.5V
Operating Temp: -40°C to +105°C

EFT 4.4 kV, ESD HBM 8 kV

Rich industrial Interface
10 CHs of PDMA

3 sets of UART,  3 sets of I²C, 3 sets of SPI/ I²S
Support I3C Slave

16 CHs of 12-bit 800 kSPS ADC
4 CHs of 8-bit 200 kSPS DAC

4 sets of analog comparators (ACMP)

Advance Lighting interface
64 KB Flash/ 20 KB SRAM

Support 6 CHs (LED Light Strip Interface, LLSI) 
Support 24 CHs 144 MHz PWM for precise industrial control

High Performance 5V MCU for industrial applications

NUC1263

USB 2.0 FS BC 1.2
Crystal-less USB 2.0 full speed device

Compiling with USB Battery Charging Detection v1.2 (BC 1.2) 
for high-speed battery charging

Application: I3C Digital Sensor

NUC1263

I3C
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 1T-8051 core

 Runs up to 24 MHz 

 High immunity: 
EFT 4.4 kV, ESD HBM 7 kV

 120 µA/MHz in run mode. 

 Rich peripherals:

。 2 sets of UART

。 6-channel 16-bit PWM

。 8-channel 12-bit ADC

。 4 sets of 16-bit timers

。 SPI, I²C

 Operating temperature: 
-40°C to +105°C

 Operating voltage: 
2.4V to 5.5V
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NuMicro® MG51 Series MCU
Industrial-grade 8-bit MCU equipped with strong immunity

Flash Memory/ SRAM 
(Kbytes)

32 / 1 MG51FC9AE MG51XC9AE

16 / 1 MG51FB9AE MG51XB9AE

Package TSSOP20 QFN20
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MG51 Product Portfolio Overview (2/2)

FLASH SRAM

32KB 2KB MS51FC0AE MS51XC0BE

32KB 1KB MG51FC9AE MG51XC9AE

18KB 1KB N76E003AT20
N76E003AQ20
N76E003BQ20

16KB 1KB MG51FB9AE MG51XB9AE

16KB 1KB MS51FB9AE
MS51XB9AE
MS51XB9BE

8KB 1KB MS51DA9AE

TSSOP14 TSSOP20 QFN20

32K Flash, 1K RAM, 24MHz

16K Flash, 1K RAM, 24MHz

Consistent Pinout

Memory Extension

Code Compatible

With existed MS51

With existed MS51

Low Power
In Run mode
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Consistent Pinout
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MG51 Product Portfolio Overview (1/2)

FLASH SRAM

32KB 2KB MS51FC0AE MS51XC0BE

32KB 1KB MG51FC9AE MG51XC9AE

18KB 1KB N76E003AT20
N76E003AQ20
N76E003BQ20

16KB 1KB MG51FB9AE MG51XB9AE

16KB 1KB MS51FB9AE
MS51XB9AE
MS51XB9BE

8KB 1KB MS51DA9AE

TSSOP14 TSSOP20 QFN20

Memory Extension

Code Compatible

Low Power

P2P P2P

With existed MS51

With existed MS51

In Run mode
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Why Choosing NuMicro for Industrial Control?

Cost Competitive 

Portfolio Expansion

Product Continuity
Ramp up Support

• Highly integrated analog M091

• Discrete analog NADC24, NOP
• I3C sensor hub NUC1263

• Strong immunity value up MG51
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智慧工業物聯網方案

工業控制人機介面

Vic Lin 林凡翔
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NuMicro® HMI Platform

TFT-LCD

Serials M467 NUC980 N9H MA35D1

LCD Resolution
(Recommendation)

< 480 x 272 < 320x240 < 1024 x 768 1920 x 1080

LCD Interface SPI / i80 SPI SPI / i80 / RGB SPI / i80 / RGB

CPU Core & Speed
Up to 200 MHz,

Cortex-M4
Up to 300 MHz,

Arm9
Up to 300 MHz,

Arm9
Up to 800 MHz,

Dual A35 + Cortex-M4

Flash 1024 KB External External External

RAM Size 512 KB Up to 128 MB Up to 128 MB Up to 512 MB

Video Codec - - JPEG & H.264 Codec JPEG & H.264 Decoder

2D GFx - - ● ●

OS
RTOS

Mbed, FreeRTOS, 
RT-Thread

FreeRTOS, RT-Thread FreeRTOS, RT-Thread RT-Thread

Linux - ● ● ●

Median Size TFT-LCDSmall Size TFT-LCD Large Size TFT-LCD
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N9H
Video Playback

Partial Dynamic Content

NuMicro® HMI Platform vs. TFT-LCD Resolution

108

480x272

800x480

1024x600

480x480

Resolution

MCU/
MPU

1920x1080

2.8”

3.5”
4.3”, 5”

2.1”

5”5.2”

7”

MA35D1
High-resolution LCD with Smooth GUI

Video Playback

640x480

1280x720

15”

320x240

M467
Small LCD

Low Power

NUC980
Small LCD
with Linux
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Third-party Graphic Libraries
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SEGGER
emWin & AppWizard

LVGL

QtAltia

Qt Linux
Qt for MCU
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Get Started with NuMicro® HMI Platform

Third-party Graphics Libraries

M467

N9H30

MA35D1

NuMicro® HMI Platforms1 2

NUC980

Download BSP & Docs 3
4.3” 480x272
NuMaker-HMI-M467

3.5” 320x240
NuMaker-IIoT-NUC980G2D

7” 800x480
NuMaker-HMI-N9H30

7” 1024x600
NuMaker-HMI-MA35D1-S1

SEGGER
emWin & AppWizard

LVGL

QtAltia
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3 Steps to Build Up Embedded GUI by GUI Tool

111

Get Started with NuMicro® HMI Platform

Step1 Compose a UI by SEGGER AppWizard Step2 Export & Save Step3 Compiling and 
Program to target board

NuMaker-HMI EVBs

• Helps designers complete a professional interface
• Generates the corresponding C source code
• Significantly reduces development complexity and time
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Platforms vs. Target Markets
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Cortex-M4 @ 200 MHz
1024 KB/ 512 KB
Non-OS/ RTOS
emWin/ LVGL
EBI, SPI: 480x272

CPU
Flash/ RAM
OS
Graphic Library
Display

M467

Arm9 @ 300 MHz
EXT. / 128 MB
Non-OS/ RTOS/ Linux
emWin/ Altia
EBI, SPI: 320x240

CPU
Flash/ RAM
OS
Graphic Library
Display

NUC980

Arm9 @ 200/ 240/ 300 MHz
EXT. / 128 MB
Non-OS/ RTOS/ Linux
emWin/ LVGL/ Qt
2D GFx, JPEG & H.264 Codec
EBI/ RGB: 1024x600

CPU
Flash/ RAM
OS
Graphic Library
Video Accelerator
Display

N9H

Dual A35 @ 800 MHz + M4
EXT. / 512 MB
Non-OS/ RTOS/ Linux
2D GFx, JPEG & H.264 Decoder
emWin/ LVGL/ Qt
RGB: 1920x1080

CPU
Flash/ RAM
OS
Video Accelerator
Graphic Library
Display
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智慧工業物聯網方案

嵌入式機器學習

Johnson Shen 沈子嵐
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Endpoint AI Introduction

Embedded device starts to think
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AI Computing Topologies 

Processing closer to data, at / near endpoints improves latency, bandwidth, energy use

Emergence of fog/edge computing, processing at endpoints

Cloud AIFog / Edge AIEndpoint AI

End Device AI
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What are the benefits of Endpoint AI?

Rich Sensors Connectivity Multi-Sensor Fusion Real-Time Inference

Fast Response Time Energy Efficiency Data Security
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Endpoint AI Sensors vs. Human Senses 

MindMemory and Inference Engine
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 Smaller model size

 Higher model performance
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Endpoint AI Technology Trends
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Image Recognition on Endpoint

MCU
Inference

Resize

Resize

Model for leopard image

28x28
320x240

1x784

CMSIS-NN
Model

Deployment

Image labels for Leopard cat and others 

1000 pictures

320x240
28x28

Input layer: 1x784
Result

Inference

Camera Capture

PC
Training

1000
Labels
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NuEdgeWise IDE

Nuvoton Embedded AI Development Tool
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NuDeveloper Ecosystem – NuEdgeWise IDE

NuEclipse

Board Support Package
• CMSIS-NN
• ARM-NN
• Model Zoo

BSP
NuMaker

Evaluation Board

M55M1
MA35D1
M467

Nu-Link2-Pro Nu-Link-Gang

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumOnline Course GitHub

IDE

Reference Design
Example Code

Plate Billing

KWS People Counting …

Motion Detection

Nu-Link/NuWriter
Debugger & Programmer

Hardware Tool Software Tool

Security

IoT

Image

Voice

Touch

Ambient

…

ADC
NuEdgeWise
ML Development Tool

TVM
Vela Compiler
FVP Emulator

NuTool
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NuEdgeWise IDE – Object Detection

Camera Image
Capture

Image Pre-
processing

• Labeling
• Training
• Validation
• Testing

• USB Camera
• CMOS Sensors • Supports MA35D1 Platform

• Object detect and recognize 
• LCD real-time display

NuEdgeWise IDE

• Resize
• Filter

C
lo

ck

Lap
to

p

P
lan

t

P
lan

t

P
lan

t
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NuEdgeWise IDE – Function

Train_MSE : 0.001

Test_MSE : 0.0215

mAP: 0.5

Precision : 0.8

0 0 0

0 1 0

1 1 0

252

239

228

118

192

137

32

76 0.1

0.12

0.9

0.02

0.03
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P
erso

n
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Labeling Training

Validation Testing
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Endpoint AI 

Applications

NuMicro® MA35D1

NuMicro® M460
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 NuMicro® M460HJ MCU

 IMU (Gyro + Acc)

 Supports 480x242  LCD

 Internal 512 KB SRAM

 Supports external memory

。 QSPI, SDHC, EBI 16-bit, HyperRAM

 Performance

。 Inference Rate: 30 FPS

。 Model: CNN

。 Flash: 205 KB

。 RAM: 76 KB

125

Gesture Sensing

NuMaker-IoT-M467

I2C
NuMicro®

M460

CMSIS NN 200 MHz

FPU DSP

UART
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 NuMicro® MA35D1 MPU

 Parallel port camera or USB Webcam 
interface

 Supports 1920x1080 LCD

 Internal 256 KB SRAM

 Supports external memory

。 SDRAM, QSPI, SDHC, EBI 16-bit

 Performance

。 Inference Rate: 20 FPS

。 Model: MobileNet_v2_SSD

。 Flash: Model Size (4.5 MB) Code (5 MB)

。 RAM: 75 MB

126

People Counting

CMOS 
Sensor

TFT-LCD
1920x1080

NuMicro®

MA35D1

Parallel RGB

USB

A35 A35

ARM NEON OpenCV
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 NuMicro® M460HJ MCU

 DMIC

 Supports 480x242 LCD

 Internal 512 KB SRAM

 Supports external memory

。 QSPI, SDHC, EBI 16-bit, HyperRAM

 Performance

。 Inference Rate: 15 FPS

。 Model: CNN

。 Flash: 436 KB

。 RAM: 500 KB
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Voice Control Scope

NuMaker-M467HJ

• trigger 
• run 
• stop 
• zoom in/out
• reset

M460

EBI

TFT-LCD
800x242

I2SI2S ADCCodec
CMSIS NN 200M Hz

FPU DSP

NuMicro®

M460

CMSIS NN 200 MHz

FPU DSP

ADC

TFT-LCD
800x242

Codec I2S

EBI
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 NuMicro® MA35D1 MPU

 Parallel port camera or USB Webcam 
interface

 Supports 1920x1080 LCD

 Internal 256 KB SRAM

 Supports external memory

。 SDRAM, QSPI, SDHC, EBI 16-bit

 Performance

。 Inference Rate: 20 FPS

。 Model: MobileNet_v2_SSD

。 Flash: Model Size (4.5 MB) Code (5 MB)

。 RAM: 72 MB
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Auto Plate Billing

CMOS 
Sensor

TFT-LCD
1920x1080

NuMicro®

MA35D1

Parallel RGB

USB

A35 A35

ARM NEON OpenCV
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 NuMicro® MA35D1 MPU

 USB CMOS Sensor interface

 Supports 1920x1080 LCD

 Internal 256 KB SRAM

 Supports external memory

。 SDRAM, QSPI, SDHC

 Performance

。 Inference Rate: 20 FPS

。 Model: MobileNet

。 Flash: 10 MB

。 RAM: 53 MB
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CMOS 
Sensor

TFT-LCD
1920x1080

NuMicro®

MA35D1

Parallel RGB

USB

A35 A35

ARM NEON OpenCV

PWM

PWM

Motor

Motor

Warehouse Management System
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NuDeveloper Ecosystem

Make engineers’ jobs easier

David Chiu 邱達進
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NuDeveloper Ecosystem Use Case

Hardware Tool Software Tool
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All in 1 to Make Job Easier
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BSP

NuTool

NuMaker
Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

IDE

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

Nu-Link2-Pro

Debugger

Analyzer
I2C, SPI, UART, RS-485, CAN
Pulse Capture
ADC Conversion 

Bridge
ISP via multi-path bridge
(USB, I2C, SPI, CAN, UART, RS-485)
PC control and stand-alone ISP
Virtual COM port

Programmer

General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS
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General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS

All in 1 to Make Job Easier
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP
NuMaker

Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

Free-to-use for 
NuMicro® M0/M23
Special offer for all 
NuMicro® Series

Free-to-use for 
NuMicro M0/M23/M4,
1T 8051 

IDE

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

PinView

PinConfigure

Graphical I/O setting

Real-Time I/O Monitoring

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool
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All in 1 to Make Job Easier
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP
NuMaker

Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

IDE

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS Free-to-use for 
NuMicro® M0/M23
Special offer for all 
NuMicro® Series

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23/M4,
1T 8051 
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All in 1 to Make Job Easier
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP
NuMaker

Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

IDE

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS Free-to-use for 
NuMicro M0/M23
Special offer for all 
NuMicro Series

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23/M4,
1T 8051 

1
Development

2
Mass Production

3
Upgrade

The Way to Implement

3 Steps by 

1 Platform
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1All in 1 to Make Job Easier
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IDE

NuMaker
Evaluation Board

Documentation

Datasheet

…TRM

Application Note

GitHub

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course

1
Development

BSP

PinConfigure Tool
PinView Tool

NuTool

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway
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All in 1 to Make Job Easier
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Nu-Link
Debugger & Programmer

Nu-Link2-Me

2
Mass 

Production

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

SWD

Nu-Link2-Pro Nu-Link-Gang

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

BSP

ICP
Programming

Tool

ICP Programming Tool
Boot Loader ISP Tool

NuTool

USB/UART/SPI/I2C/CAN

M467

Boot Loader 
ISP

Tool



NuDeveloper Ecosystem – Make engineers’ jobs easier.

All in 1 to Make Job Easier
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3
Upgrade

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

I2C/SPI/CAN/RS485/UART USB/UART/Ethernet

Nu-Link2-Pro

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

Nu-Link
Debugger & Programmer

BSP

ISP
Programming 

Tool

ISP Programming ToolNuTool

USB

Android APP
NuISPTool
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All in 1 to Make Job Easier
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP
NuMaker

Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

IDE

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS Free-to-use for 
NuMicro® M0/M23
Special offer for all 
NuMicro® Series

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23/M4,
1T 8051 

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications
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All in 1 to Make Job Easier
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP
NuMaker

Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

IDE

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS Free-to-use for 
NuMicro M0/M23
Special offer for all 
NuMicro Series

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23/M4,
1T 8051 

Up-to-Date Tools for Specific Applications

FontArchitect
JPEG2Movie 

emWinPlayer
AppWizard

ISO 8859-1 Front Character
Multiple JPEGs to Movie

Play Result on PC 

NuMaker-HMI-M467

HMI

NuTool

Ease Your Development & Save Your Time

All Cores Supported: 8051, M0, M23, M4 and M7

Widgets to Create GUI Easily
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23

Free-to-use for 
NuMicro M0/M23/M4

IDE

Software Tool

General

IoT

HMI

Motor

DALI

…

BMS

Nu-Link2-Me

NuMaker
Evaluation Board

Hardware Tool

All in 1 to Make Job Easier
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Nu-Link2-Pro Nu-Link-Gang

Nu-Link
Debugger & Programmer

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications

TN-LCD 

NuMaker-M258KE+TN-LCD Extension

LCD 
Touch Key

Ease Your Development & Save Your Time

LCDViewNuSenadj

NuTool

Touch Key Configuration and Calibration A Graphical UI  for SEG/COM Setting
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23

Free-to-use for 
NuMicro M0/M23/M4

IDE

Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

…

BMS

Nu-Link2-Me

NuMaker
Evaluation Board

Hardware Tool

All in 1 to Make Job Easier
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Nu-Link2-Pro Nu-Link-Gang

Nu-Link
Debugger & Programmer

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications

DALIController

Initialization, Commands and Monitoring

NuMaker-DALI-NDA102SD2+DALI Slave NDA102EC1

Master Slave

DALI

NuTool

Ease Your Development & Save Your Time
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23

Free-to-use for 
NuMicro M0/M23/M4

IDE

Software Tool

Nu-Link2-Me

NuMaker
Evaluation Board

General

IoT

HMI

LCD 
Touch Key

DALI

…

BMS

Hardware Tool

All in 1 to Make Job Easier
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Nu-Link2-Pro Nu-Link-Gang

Nu-Link
Debugger & Programmer

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications

Nu-MDA-NMxxxx Gate Driver Nu-LVMDM-MOS NK-1200L/1120L/1230L/1240L/1530L

Motor

Ease Your Development & Save Your Time

NuMotor

SmartInverter Inverter Motor System

MCU Board

Inverter Board

NuTool

Motor ID TuningInverter Motor

*also supports AM32R core 



NuDeveloper Ecosystem – Make engineers’ jobs easier.

DALI

NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23

Free-to-use for 
NuMicro M0/M23/M4

IDE

Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

…

Nu-Link2-Me

NuMaker
Evaluation Board

Hardware Tool

All in 1 to Make Job Easier
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Nu-Link2-Pro Nu-Link-Gang

Nu-Link
Debugger & Programmer

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications

BMS

BMS_KA49517/22A GUI Software

Status Monitoring

BM-IC System 

BMS Board
KA49517A/KA49522A MCU Board

M483SE8AE

NuTool

Ease Your Development & Save Your Time
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BMS

DALI

NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool

Free-to-use for 
NuMicro M0/M23

Free-to-use for 
NuMicro M0/M23/M4

IDE

Software Tool

General

IoT

HMI

Motor

LCD 
Touch Key

…

Nu-Link2-Me

NuMaker
Evaluation Board

Hardware Tool

All in 1 to Make Job Easier
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Nu-Link2-Pro Nu-Link-Gang

Nu-Link
Debugger & Programmer

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications

ML

NuTool

Ease Your Development & Save Your Time

NuEdgeWise IDE

Model Deployment 
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All in 1 to Make Job Easier
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NuEclipse

Board Support Package
• Comprehensive drivers
• Plentiful peripheral examples
• API compatibility

BSP
NuMaker

Evaluation Board

Nu-Link2-Me

Nu-Link2-Pro Nu-Link-Gang

IDE

Nu-Link
Debugger & Programmer

Hardware Tool Software Tool

All Cores Supported: 8051, M0, M23, M4 and M7

Up-to-Date Tools for Specific Applications

Documentation

Datasheet

…TRM

Application Note

Technical Support & Communities

Online ChatWebinar ForumFAQOnline Course GitHub

Reference Design
Example Code

DALI BMS

HMI Thermostat …

IIoT Gateway

General

IoT

HMI

Motor

LCD 
Touch Key

DALI

…

BMS Free-to-use for 
NuMicro® M0/M23
Special offer for all 
NuMicro® Series

Free-to-use for 
NuMicro M0/M23/M4,
1T 8051 

PinConfigure Tool
PinView Tool
LCDView Tool
ICP/ISP Programming Tool

NuTool
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NuDeveloper Ecosystem 
Make Engineers’ Jobs Easier

Reference Design and Example Code for Applications Resource for MCUs, MPUs, EVBs and Tools

Get Tech Support/Training Easily

Low Entry Barrier

Plentiful Example

1 USB Cable

Accessible Support

Complete Tool Kits

Solid Database

Hardware and Software Tool for General Use or Applications

Reference Design and Example Code for Applications 

Jo n us anywhere anytime
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NuMicro® Online Resources

Online Store

direct.nuvoton.com

nuvoton.tmall.com

www.techdesign.com/market/nuvoton

Forum

forum.nuvoton.com

www.nuvoton-MCU.com

bbs.21ic.com/iclist-187-1.html

Source Code Download

github.com/OpenNuvoton

gitlab.com/OpenNuvoton

gitee.com/OpenNuvoton

www.facebook.com/NuvotonNuMicro

Social Media

@Nuvoton Technology Corporation

@NuvotonMCU

Official Website
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