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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
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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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Source: fortunebusinessinsights
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Energy Storage System Architecture

Transmission / distributionPower Generation Electrical Vehicles

• NUC980
• MA35D1
• M467
• NADC24

• M467
• M2L31
• KA84917UA
• KA84950UA

• M467
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• 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

9

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



NuDeveloper Ecosystem – Make engineers’ jobs easier.10

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.12

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
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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
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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



NuDeveloper Ecosystem – Make engineers’ jobs easier.15

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
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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



NuDeveloper Ecosystem – Make engineers’ jobs easier.

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

17
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Advanced Features for M2L31 Series
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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
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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
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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 
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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)
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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
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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



NuDeveloper Ecosystem – Make engineers’ jobs easier.26

Estimation of State of Health (2/2)

Synchronized current and 
voltage measurement time [us]
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Nuvoton

Competitor
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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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