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| Energy Storage System (ESS) Market Overview

* Global market size is projected to
surpass around USS 435 B by 2030
and CAGR of 8.4% from 2022 to
2030

The environment protection and
reduction of carbon footprint

Development of sustainable energy
sources for utility application

(USD BN)
435.32

(USD BN)
227.96

(USD BN)
210.92

2021 2022 2030

(Source: Precedence Research, 2022)

Solar and wind energy are the most prominent renewable
energy types that are stored in grids. However, the concealing
of the sun by clouds or fluctuating currents leads to variations
in the process of energy generation
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| Energy Storage System (ESS) Market Overview

* Global market size is projected to
surpass around USS 435 B by 2030
and CAGR of 8.4% from 2022 to
2030.

o The environment protection and
reduction of carbon footprint

o Development of sustainable energy
sources for utility application

(USD BN)
435.32

(USD BN)
227.96

(USD BN)
210.92

2021 2022 2030

(Source: Precedence Research, 2022)

To help grid operators save electricity when the electricity
generated exceeds the electricity demand.

Additional capacity
needed to meet peak load FUTURE LOAD

4

Use of storage avoids
the cost of additional
generation asset
investments.

Current installed capacity

Unused generation

capacity used to
CURRENT LOAD charge storage assets
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| Energy Storage System Architecture

Energy Storage

Management Software

Energy Power Battery Battery
Management System Conversion System Management System Energy Storage
? W -IIIIIIIIII_ *

Gateway Charge/Discharge Rack Pack
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PCS: Power Conditioning System
BMS: Battery Management System
EMS: Energy Monitor System
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| Energy Storage System Architecture

ESS 1st Layer

BMS MCU + Analog Front-End
Energy Storage

MCU P/N M253

AFE P/N KA49503A / KA49517A

15t Layer

NuMicro® M253 to manage battery status

PCS: Power Conditioning System
BMS: Battery Management System
EMS: Energy Monitor System
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NuMicro® M253 Series Application

BMS of Battery Energy Storage

Features
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Overload

Operating Voltage supported from
1.75V to 5.5V

128K Flash / 16kB RAM

UART@SCh /SP|/|2C NuMicro® Transceiver
1 set of built-in CAN FD interface 72V Voltage M253

17-S Battery

Master

RS232

Panel
current

Provides two packages, QFN33 and

detection | BMIC/ SPI Flash
LQFP48 AFE
. . . T DC/DC
Built-in RTC to record time event MOSFET

Supports 2 pA power-down current

Supports 5V operating voltage
Supports IEC-60730 STL



| Energy Storage System Architecture

PCS: Power Conditioning System
BMS: Battery Management System
EMS: Energy Monitor System
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NuMicro® M467 Series Application

Features
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Cortex M4 with 192 MHz core speed,
provides DSP/FPU to accelerate the
processing power of algorithm

Supports up to 4 sets of CAN FD interfaces to
save the external transceivers

Supports up to 10 sets of UART interface for
Wi-Fi/ BLE/ RS232/ RS485 communications

Multiple RTOS
Mbed OS
RT Thread

Supports up to 3 sets of 12-bit 5 Msps ADC,
up to 28 channels to monitor the battery cell
voltage, temperature

Battery Management System

48V pc/pc SV LDO

- —)

MCP16331 MIC39100
SPI Flash
KA49517A/KA49522A
RTC
EEPROM
Temperature
Voltage MCP6002

Current

1.8V/3.3V
——

. ® CAN Communication
NuMicro transceiver < >
M467HJHAN CAN Communication
transceiver < >
RS232/RS485
Wi-Fi/BLE

NuDeveloper Ecosystem — Make the engineers’ job easier. NnNUVOTOoON



| Energy Storage System Architecture

* To communicate in large energy storage system
* Data collection and system status monitoring

=
Energy Storage Energy
Management Software Management System Gateway

3'd Layer NuMicro® NUC980

PCS: Power Conditioning System
BMS: Battery Management System
EMS: Energy Monitor System
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NuMicro® NUC980 Series Application

| Energy Storage System Gateway

NUC980DK63YC Features
* CAN for BMS (battery pack)
e USB for 4G/5G module

* Dual Ethernet for communication (& HMI) RMII
. LOFP_MCP 64 MB DDR e

* Linux OS (Protocols)

UART(RS-
485)

/ Ethernet L »

NuMicro®
NUC980

DDR 64MB
Linux OS

NAND I QSPI
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| Energy Storage System Architecture

* To manage the big data of the battery and optimize
the charging and discharging of the battery system

=
Energy Storage Energy EMS
Management Software Management System EE‘ High-end Edge Gateway
‘ +
= :
o
L= T L
Gateway BMS

PCS: Power Conditioning System
BMS: Battery Management System
EMS: Energy Monitor System
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NuMicro® MA35D1 Series Application

| New Energy Gateway

Features

* Stacking DDR up to 512 MB

* Up to 2 sets of Gigabit Ethernet

e Upto4sets of CAN FD

e Up to 16 sets of UART (up to 9.5 Mbps), and 12C, ADC

for connecting sensors External RGMII USBI CAN FD
mmmmmeg CAN Devices
e 1set USB 2.0 HS Host SIERNOHS I
uiviicro
o 1 Set SD30 HOSt m 6)?)
: &_ -:IO:-

4G LTE Module J

Internal SRS
Network

MA35D1
e TSI (Trusted Secure Island) for Security AR
Secure Boot, OPT, Key Store, TRNG e

e QOperating Temperature -40°C to +85°C

Tamper pins

~

Software
* Linuxv5.4, OpenWRT

* Richer network protocols — TCP, UDP, HTTP(S), MQTT,
CoAP, WebSockets.

v
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| Value for Battery Management System

A Safer and Scalable BMS Solution

Application
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| Nuvoton BM-IC Features

X ©

Simplicity Safety Scalability
All in one, simplified BOM Integrated safety functions Form 36V to 72V Portfolio
Cells voltage, current, Battery Cell Protection 17 and 22 channel cell voltage
temperature AD measurement Power Supply Detectors measurement
Internal/External passive type cell Various Functions Self Diagnostic Match all Li-ion Cell type
Balance Thermal Protection
High-side charge and discharge Communication Watchdog Timer
FET drive
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| Nuvoton BM-IC Features

Charge/Discharge
Z ' &/ 2RI \
Simplicit  — FET Driv |
p y P : river
. . oo : ‘ Reference I Cell Balance I
All in one, simplified BOM + = | ‘
Cells voltage, current, — :
temperature AD measurement
Internal/External passive type cell — E
: Temperature
Balance / ADC Autonomous
High-side charge and discharge — Protection
FET drive : Current
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| Nuvoton BM-IC Features

Application

Competitor

Save 20%

BOM cost

Nuvoton

v (22ce) A A
15ch 15ch
72V (20cell)
60V (17cell)  10m '1a!clh! 17/32¢h
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Save 25%
BOM cost

NuDeveloper Ecosystem — Make the engineers’ job easier.

Scalability

Form 36V to 72V Portfolio
17 and 22 channel cell voltage
measurement
Match all Li-ion Cell type

NnNUvVOTOoN



| Battery Management System Product Matrix

BRE
:::

BTS / ESS
MA35D1 L KA49524A

NUC980

Battery Voltage

17~22-S @l
E-moped / AGV
m " KA49517A
KA49522A

E=al-
E-scooter / E-bikes
ass I
MCU

O+ B
Power tools / HA
x KA49503A
E _ » Power (kW)
1.0 6.0 10.0
NnNUvoToN

e

0.25 0.50

0.1
NuDeveloper Ecosystem — Make the engineers’ job easier.
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| What BMIC Provides

The unique technology brings safe, accurate and scalable solution

1

Safety

Intrinsic Safety / Functional Safety
v Isolation for High voltage / Redundancy

e SOl : Silicon On Insulator
* SOC: State of Charge
—Fi Acquisition
Monitoring
e
2
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1

Cruising Distance

Expansion of available SOC
v High accuracy

-
© o

D G SBG G D

Accuracy[mV]

50 25 0 25 50 75 100 125

Temperature[°C]

" Insulator"®

dichr

-~ Scalability

Developing cost reduction for ECU
v' Line up (14ch / 20ch / 25ch)




| Automotive BM-IC Market Experience ASIL-C
ASIL-D

12 years market experience
Around 15 million pcs of IC delivered to 11 automakers in CY2021

o
O I o
O m—y
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| BMIC Roadmap

2013 2015-2017 2018-2020

1st Gen. 2"d Gen 3rd Gen 3.5th Gen. 1 4th Gen.

IC type BM-IC 25ch

® Mass production

® Under development for Plugin HEV and EV
KA84925UA KA84912UA KA84933UA series
for Strong HEV * Redundant Measurement * High Accuracy
* High Accuracy * Bus bar connection
omiC 14ch
KA84910UA KA84914UA

Measurement IC

KA84911UA

Monitoring IC BM-IC 8ch Comm-IC
KA84905UA . KA84921UA e BM-IC: Battery Monitoring IC
for Start Stop and Mild * Comm-IC: Communication IC
/Micro HEV + CM-IC: Current Monitoring IC

21" Copyight © 2022 Nuvoton Technology Corporation NuDeveloper Ecosystem — Make the engineers’ job easier. NnNUvoToN



Joy of inmovation

159154
B
D&kuji
Bedankt
~ Thankyou




Battery Management
System

- Digital Power Control MCU
- CSP-MOSFET for Fast Battery Charger

1% 8 Matt Yang

Marketing and Application Division
Technology Manager




| Surrounding Power System

g

Base Station
Data center

liErezEe 1 0FEe SiEine Introduction / expansion of VPP

]
EV-Bus A A‘ . VPP: Virtual Power Plant

Efficiency improvement and miniaturization for Power Plant
power conversion are essential

Increase in data center

Increase in industrial equipment

\'-
Power Interconnection power supply
System
i i
|
| | |
Increase in I | o Factory
household/emergency ' l gt'l'zat'an of Increase in industrial power
power storage systems l torage Battery ﬁ" storage systems
§_@‘£ | Increase EV-car
Zero-energy House EV-Car EV-Truck
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| Power Conversion Technology

e Accelerate “digitalization” in power conditioner/ power supply/ battery makers

e Utilize next-generation power device to increase the constructor’s benefits by reducing size and weight

Power conditioner
for power storage

§

MPPT control . .
Multiple strings Bidirectional
Boost DC/DC DC/AC

’

PV panel

™.,

Fast charging system

DC Bus
cooperation

For fast charging

V2H System Ac/bC

PSwer storage system

. . For EV charging _ g
For LiB charging e
Bidirectional c e
bidirectional
DC/DC DC/DC

25 Copyight © 2022 Nuvoton Technology Corporation NuDeveloper Ecosystem — Make the engineers’ job easier.

Insulated bidirectional

@ Single-phase / three-phase
system interconnection
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| Matrix Converter Control Power Reference
" Function | Feature |

*  Higher efficiency, longer lift of EV quick charger *  Built-in control circuit:
* Miniaturization, reduction of the number of parts Built-in functions required by matrix converter control
(electrolytic capacitors, etc.) e Optimal control:
Before After Achieves high-speed feedback control with a high-performance NTCJ MCU
Conventional system Matrix Converter

A D DI A AC ~ [a21cd AC S
DCi ch‘g DC i AC }{ DC .

Output: 15kW(300-750V)

* Input: 3-phase 380V

Primary side: PFC + Inventor

Efficiency : <95% Efficiency: >96% e Output: 15kW ( 300V-750V )
THD: <5% THD:<S% * Efficiency: >96%
= ‘ Test result
15kW Matrix converter reference board *  Evaluate the efficiency of output power
3kW to 15kW Efficiency
Power board MCU board «  Max efficiency : 96.1% 67.00
96.00
* § 95.00
_ 94.00
E LC>; 93.00
3 @ 92.00
;g 91.00
\& 25 90.00
: 300mm —» 2288
< 600mm > Controlled by NTCJ MCU equipped with PWM for 87.00
SW element : SiC matl’ix converter ContrOI 0.000 2.000 4.000 6.000 8.000 10.000 12.000 14.000 16.000

SW frequency : 40kHz Output Power (kw)

Cooperated by Nagaoka Power Electronics Co., Ltd.
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| Matrix Converter Features — Offers — Principles

Features / Strengths m

) . . i ) € Control reference software
€ Matrix converter control is possible with a single MCU
€ Document
® FPGA isn’t needed @ Reference bogrd
® Shorten the development period with reference boards and software © 15kW matrix conyerter board
® Simplification of complex matrix converter control (2) Control board with MCU
(* © Board rental is available)

Principle / Configuration 15kW
, | L

CJ CI J Y - P ’ "’. | ,..L“H 'm.“l_
\O \C R (AL o Wa T .Af
LY i WREL iR 1 Output
— N !'g‘l" = i" e ‘ >\ .’ P
~— = -5 C
2 Cl transformer e e - =
o fe. 3 : - = == -8 " - >
77777777777777777777777 \ﬂ \Ci \DL N ; 2% N | w = : ‘B — £
g L1 WAESW  fEbSuA ERES AT S o ,_\ - “! s Input
Power supply circuit configuration
using matrix converter MCU for Power Solgtion |§M1M7AF Series SW ?lement 5 ?ic ’
(Adopt  virtual AC/DC/AC method) CPU: 160MHz Arm" Cortex'-M7 Sl requency . A0Khiz
ADC: 12bit x 3units, Conv. time 0.5us Input : 3-phase 380V
PWM: 208ps Output : 15kW(300-750V)
NnNUvoToN

NuDeveloper Ecosystem — Make the engineers’ job easier.
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| SiC / GaN Market Size and Requirements for MCU

SiC / GaN Market Size

1,200 Service provider / owner
®m SiC-
Million SiC-SBD Save Energy & Space & Cost
1,000 SiC-FET
SiC-Power Module System Integrator
800 CAGR14.6% Less heat * Smaller * Lighter
GaN Power device (25-'30)
600 /
Power Supply Manufacturer
CAGR29% . . . ..
Low loss * Miniaturization
400 (‘20-'25)
200 / MCU Maker
- Utilization of SiC / GaN
0 J I Passive component miniaturization
by increasing carrier frequency
2018 2019 2020 2021 2022 2023 2024 2025 2030 > Improved calculation performance

» High speed/precision AD
» High resolution PWM

Source: Fuji Keizai Co., Ltd. "2020 version of next-generation power device & power electronics
related equipment market status and future prospects"
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| Features of our MCU

Digital Power Control System

[ ] [
Si SiC/GaN
Multi-function High resolution . High speed/precision AD

PWM :
( Industry top level ) ., ( Indust.ry top level )
e on O S Conversion time:0.2us

High resolution 208ps 12bit 3unit

Loop faster

Detect
(AD converter)
Reference Software
Control software technology
cultivated over many years

Noise Resistance
Equipped with original noise
suppression circuit

High Speed Correction Calculation

High Performance MCU (Cortex®-M7)
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| Digital Power Control MCU Roadmap

For power supply with system control

CPU : Dual core
Pin count : T.B.D.
Power supply : 3V
Security function
Tj=150°C

For single power supply control

6th generation
KM1M7CFxx
5th generation KM1M7CFxx 160MHz
KM1M7AFOx 160MHz CF’U : Cortex-M7
Pin count : 80 ~ 32

CPU : Cortex-M7 Power supply : 3V
Pin count : 144 ~ 80 Security function
Power supply : 5V Tj=150°C
Tj=125°C
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| Next Generation Digital Power Control MCU Concept

* Equipped with security function

o Achieve both miniaturization of the product board and security measures

Totem-Pole PFC LLC full-bridge converter

GaN/SiC
110/220V %) —@I) || 39 {%)} -é} %j
AC —TTHnh—e 3 DC S : % 12V
@ _—’W“- ' — ¢ o 48V
i > ' 54V
g Ll

AN

AA
v

PWM PWM PWM .
PWM PWM PWM erver O

. Cortex-M7 securit OTA
N | cortexw7 | v

Security threat :
spoofing attacks, fake programs,
interception, etc.

(*) Firmware update over the air (through Internet)

31 Copyight © 2022 Nuvoton Technology Corporation NuDeveloper Ecosystem — Make the engineers’ job easier.
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| Support Menu

- Power control application note
- Reference control software
* Driver sample
- IEC60730, etc

Digital power control solution

- MCU
- Evaluation board
- MICU evaluation board

‘i B amdal
}ﬁ - IDE - Software development contract
| ————— * Support tool for development (Including software porting)
| e * Model Based * Technical support
Development tool (Onsite, QA, seminar)
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| CSP-MOSFET

Chip Scale Package
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| CSP-MOSFET Applications

No.1 market share for small devices with g TWS i/

built-in Lithium battery.

%
Hearing aid
Smart phone
Shipment exceeded

Bring small automotive applications a illi el
el £l PP /@ 10 Billion pcs n
miniaturized solution. i L = ¢
e Automotive

PC & Ta b I et * Date issued :Jan. 2022

™ XR
Smart watch |
TN e-Glass
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| CSP-MOSFET Value Proposition

Mold Package

& Sichip
’ Mold resin

<«

Lead frame
Pb Paste

More materials

35 Copyight © 2022 Nuvoton Technology Corporation

Low On Resistance

Mold 2.9 times CSP
Larger
CSP Active area”
Lowest : Typ.0.9mQ(VGS=3.8V)
@ *In case of 2mm®
High thermal performance
1 material only Mold

CSP
-21°C*
q .-_

Easily transfer heat

*In case of 2mm®©

NuDeveloper Ecosystem — Make the engineers’ job easier.

Mold

43% Less”

Smallest : 0.6X0.6 mm

*In case of 10mQ

High Quality

Mold

CSP
1/30° No Wire

» S

Low Failure Rate

*Nuvoton survey

NnNUvVOTOoN



| CSP-MOSFET Market Roadmap

RSS(on), - 3 Categories -

1. For Li-ion Battery Protection
(Nch Dual, VSS: 12V-30V)

21mo 2. For General Switching
oo (Nch/Pch Single,vDS:12V)
O EP 9mQ

Sma 3. For Automotive Switching
2.2mo (Nch/Pch Single, VDS:40-60V)
. o 1.6ma
S=UISS R - 1.1ma

-l glig 0.9m0

et H 0.55ma
o=
=

2011 2013 2015 2017 2019 2021 2023 2025

>
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| Battery Charging Trend

Charging Higher charging power = Shorter battery charging time
time
240W (a8v/5A)
(8min)

120W (20v/6A)

15min .

Charging current
24A/12A

65W (12v/5.4A)

40min

Charging current* .
13A/6.5A *Charging current
1Cell battery/2Cell battery

2019 2020 2021 2024
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| Customer Value Proposition

2
i FET
Charging »  RsS(on) o
current Temperature

Recommend Ultra Low Ron MOSFET

High Power High Power
Charging Charging
Higher Ron , More Heat Lower Ron, Less heat
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| CSP-MOSFET Outstanding Position

* Top markets share for 1 cell battery applications

<%
___-ll

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Cumulative shipment

>10 billion pieces*
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| Support Menu
BE¥ MOSFET Selection I} Technical support

n Sample ﬂ Document

Evaluation Board Cut tape Reel -Data sheet

-Spice

/ -RoHS/REACH

-Mount application note
-CSP Advantages

-CSP FAQ etc

ﬂ CSP Mount support

40) Copyight © 2022 Nuvoton Technology Corporation NuDeveloper Ecosystem — Make the engineers’ job easier.
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