L P InE
y ~F

CHUROD ELECTRONICS

Company Introduction

May 9, 2023



L P ImiE

CHUROD ELECTRONICS

Founded in 2009, a leading Relay, Contactor, and Sensor solution provider for global customers.

Our mission is to provide global customers a full range of high-quality products and value-add services.

Own 5 production sites in China, branch offices in the U.S. and Germany, and research institutes in Tokyo.
Continuously invest on innovation and spend >8% of annual turnover on R&D.

Equipped with world-class internal lab test capabilities, products are certified by CQC, CE, TUV, VDE, and cUL, etc.
IPD (Integrated Project Development) process ensured development quality and quick response to customer.

Deliver 300+million products each year, Keep leading position in 5G, Automotive and new energy industry globally.

Global Employees Institutes Plants

2 Churod Sensing Proprietary Information. Strictly Private.



L iR

CHUROD ELECTRONICS

Relay Sensor Contactor

P e
r

L

€ 30% sale revenue € Churod Sensing starts in € Joint Venture with Sensata
increase in 2021 2019, Founded in 2021 founded in July 2021
€ Top 3 relay brand in China ¢ SOPin 2022 € Supply Automotive OEM in 2021

in New Energy space
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CHUROD ELECTRONICS

Global Footprint

Reaching local markets around the world

Other service
agencies and offices

Research Institute
in Tokyo

China, Dongguan HQ;
Wuhu production site;

. T,

: : : 7 I - Shanghai Office;
Ph_|ladelph|a & Suzhou R&D Center and
Office, U.S.A. : : Production site.
Sibiu, Romania

Office
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CHUROD ELECTRONICS

Honor & Qualification
- CHUROD Lab has UL & TUV Witness Test Certification
Part of our Patent Certificate, CNAS Certification

Test Capability

- Reliability Test for new developed products

- Regular Tests for massive production products
- Special tests requested by customers

- Able to replicate most customer load tests involving resistive,
inductive, capacitive, motor, and lighting loads etc.
- Our environmental testing includes heat, humidity, thermal

shock, salt spray, shock, vibration etc.

- |EC testing for glow wire, ball pressure, explosion-proof seal etc.

BHEFRIH .
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CHUROD ELECTRONICS

Automation Strategy

CHUROD is a leader in overall level of automation

Fulyaomatic  Fulyawomatic  Fulyautomatic PN Suenate | FObSMOnate,  puly automati
- - t- Id- - - - - =
injection molding steel stamping coil winding assembly check workshop
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CHUROD ELECTRONICS

Major Industry Application

Photovoltaic Communication Energy Storage Safety Electricity Meter
Power

Home
Appliance

Industrial Charging Automotive
Vehicles Piles
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CHUROD ELECTRONICS

& LA

HYLI n D ql Movement that inspires
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TP-LINK

The Reliable Choice

R

Churod Sensing Proprietary Information. Strictly Private.

=En5

SANXING ELECTRIC




L iR

CHUROD ELECTRONICS

= 2006-2009 = Jan. 2010 = Jun.2016 w2021
OEM Manufacturer CHUROD’S First Plant CHUROD'’s Third Plant _CHUROD SENSING TECHNOLOGIES
started production started production is founded

B  Oct. 2009 B Jun. 2014 ® Oct. 2021 m 2021
CHUROD launched CHUROD’s Second Plant CHUROD’s Fourth Plant CHUROD SENSING
the brand started production started construction acquired Sensata BPS

business
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CHUROD ELECTRDNICS
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Technical Platform and Application

Engine Transmission

Battery Pack Thermal
Runaway Detection

CCP

Ceramic Capacitive
Pressure

Micro-Electromechanical
Systems

GSG EMS

(c EECRETNLEL IS E LI Electro-Maghetic Sensor
Gauge
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CHUROD ELECTRONICS

Fuel Cell
Power
High-pressure Fuel cell stack control
hydrogen tanks unit

Drive battery Fuelcell  Motor

5
converter
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CHUROD ELECTRONICS

CabinComfort Exhaust Treatment System
o AR tc.amperature v DPF differential pressure sensor
Engine System ® CO2 concentration v GPF differential pressure sensor
v GDil rail pressure sensor v Exhaust back pressure sensor
v Common rail pressure sensor
v Fuel pressure sensor
v Crankcase pressure sensor ‘
v QOil pressure + Temperature
v Airintake manifold pressure +
Temperature
v For EV

Fuel evaporation pressure sensor :
v Battery thermal runaway detection

v Current sensor
v Contactor

Transmission System
v DCT pressure sensor

v AT pressure sensor
v~ CVT pressure sensor Chasis System Active Safety / ADAS
v Transmission Speed and position " Air suspension pressure sensor v ESC pressure sensor
sensor v~ Vacuum booster pressure sensor /' R8D experience
v Accelerator pedal

® To be developed
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CHUROD ELECTRONICS

GSG (Glass-Bonded Strain Gage) : Based on piezoresistive effect. Strain gages are bonded onto the metal membrane

through micro-fused glass. The pressure changes in the port will result in resistive changes which can be conditioned to

gage the pressure.

4 Resistor X4
N SU

Medium Pressure measure high pressure up to 4000Bar.

| Signal , .
ConaiEon +  True hermetic design.

L Pressure +  Good Medium compatibility and good corrosion

*  Pressure applied onto the stainless steel port, used to

Output

resistance.

*  High accuracy by linearity + temperature compensation.
Mechanical Silicone Piezo- Signal Analog/ LIN/ | | : N :
Strain / Stress Eﬁ%ﬁ%\\/g Conditioning PWM/ SENT .. Typical Application: Common Rail, GDI, ESC,

Braking Force etc.
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CHUROD ELECTRONICS

e e Solenoid Valve

Valve Coil

Keep vehicle stable by braking one or multiple wheels.

Motor

. O t . Pump ’
Under steering ver steering Low Pressure /‘é’

Chamber Piston =

Pressure sensor

High performance requirements on ESC sensor. Because it
is impact passenger safety.

*  High reliability

*  Meet Functional Safety (ASIL C)

*  Performance stability

. Small form factor

16 Churod Sensing Proprietary Information. Strictly Private.



Applied Pressure

L ey

Signal
Conditioning
C = Capacitive
Pressure €= Permltt|V|ty
A = Area
d = Distance
Ceramic Distance change
Diaphragm results in capacitive

deformation change

L P I

CHUROD ELECTRONICS

Analog/LIN/

PWM/ SENT .

Based on mature CCP technology, can achieve high reliability
and high accuracy;

Excellent medium compatibility;

Typical Application: Exhaust Back pressure, AC, FCV, Oil

pressure, Transmission pressure etc.

Signal
Conditioning

Analog/LIN/ PWM/
SENT ...

17
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CHUROD ELECTRONICS

Medium Pressure

Resistors doped into ‘ P1
silicon diaphragm *  Pressure across diaphragm results in tensile stress in center,
Bond pads & compressive stress at edge.
traces P2 +  Strain-sensitive piezo resistors are implanted in silicon
Wire bonds Medium Pressure substrate and connected in a full bridge configuration.

) *  Applied pressure results in a bridge imbalance that is
Soft die attach

[ Pressure ]

amplified and compensated in signal conditioning electronics.

«  Typical Application: Exhaust differential pressure sensor,

TMAP, Crankcase pressure, Fuel Vapor pressure,

Signal Vacuum Booster pressure, BPS etc.
_‘Condition
L >
. N\
Mechanical Silicone Plezo— Signal Analog/ LIN/
Strain/Stress [epistive Conditioning PWM/ SENT ...
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Churod EMS Sensor

Current Sensor. Technologies Sensor Product Current Range Accuracy.
+500A <0.3%@RT
Fluxgate @
+1500A <0.5%@All T
+600A
+900A <1.25%@RT
Open-loop Hall
P P +1000A <2.75%@All T
+1200A

*  Based on mature technology, can achieve high reliability and high accuracy;
+  Small zero offsite;
- Typical Application: Battery pack main current, Motor control etc.
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Market Timing

I I I Market Timing

Many Others + Custom Design

L iR

CHUROD ELECTRONICS

Gen 3 BPS

Gen 2 BPS

Gen 1 BPS

Heat Pump P/ P+T

o msz
v

DHT/Transmission Pressure

&

EMB force sensor

Braking cylinder, GDI, CR, etc.
Extra form factor on ESC

1200A Hall open-loop

1500A Fluxgate

500A Fluxgate

Product
Family

CCP

20

GSG

EMS g
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CHUROD ELECTRONICS

Smart BPS Introduction

May 8, 2023
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CHUROD ELECTRONICS

What Is a Sensor or a Transducer?

* The sensor is a device that measures the physical quantity (i.e. Heat, light, sound, etc.) into an easily readable signal (voltage,

@ <o
Signal Amplify 0.5~4.5VDC Ratio

0~5VDC Vreg
ADC
Speed p

. 0~10VDC Vreg

T Compensation

. 4~20mA
Digital Protocol

CAN
@ @ “ — “
@ Current
ZigBee

LIN
= / Charge
aa - \\ Non-linear 25

Signal

Conditioning UART

Bluetooth

SENT
_ Compensation SPI
Diagnose
f Display
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Where Are the Sensor Used?

Sensors are everywhere.

Consumer
Electronic

Off-road &
Machinery

Smart
Building

Defense
Industry

Medical &
Health
Care

CHUROD ELECTRONICS

L - PICIRE
V A 4
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CHUROD ELECTRONICS

Thermal runaway is an uncontrolled chain reaction caused by mechanical, electrical, thermal abuses or a
combination of abuse.

Thermal runaway leads to battery uncontrolled self-heating up to 400-1000°C and easily propagates to other
cells which could end with a destructive result like fire or explosion.

Penetration

£0vercharg]:’

p

Short Circuit

=

Internal

(=

Though the battery technology
is kept on optimizing,

Electrical
Abuse

| g;g the thermal runaway events are
=xelosien  still unavoidable nowadays!

Crush External Short

Penetration Overcharge
Overdischarge

Internal Short

Overheat
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CN MIIT legislation of
Electric vehicles traction battery safety requirements
Effective on Jan 15t 2021.

\‘ - :
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GB 38031—2020
—2015. G/ T 31467.8—201

J

EHRFERAMNNERBEREER

Electric vehicles iraction batiery safely requirements

Purpose 6

“An alert signal of thermal event should be provided 5min earlier
before any danger to cabin due to a battery cell thermal runaway
leads to thermal propagation (for vehicle thermal event alert of
passenger evacuation). If thermal propagation wouldn’t lead to any
danger to cabin, the requirement is met.”

> Implemented from Jan. 18t 2021 for vehicle model needs new type approval.

» Implemented from Jan. 1t 2022 for vehicle model acquired type approval.

2020-05-12 & 4 2021-01-01 i

V=l T i

F F CHUROD ELECTRONICS

NEV Global Safety Technical Specification /
EVS-GT unanimously approved at the 174t
conference of WP.29 in Mar.2018.

J EVS - GTR Phase 1

Scheduled for adoption March 2018

Amended ECE R 100 adopted end of 2020

1 EVS - GTR Phase. 2 / mandatory

L]

25

No ext. fire / explosion / smoke in cabin within
5 minutes after warning
Implementation 2020 and beyond
China earlier (2020)
Status:
o Adoption end 2021
o Amended ECE R 100 adopted 2023

Churod Sensing Proprietary Information. Strictly Private.
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CHUROD ELECTRONICS

Wy TR

2021/12/22 driving 2022/3/22 Driving 2020/8/20 Charging 2022/4/21 Charging 2020/10/5 Parking 2022/5/16 Parking

Vehicle status of thermal runaway event Possible causes of thermal events during

Status 2018 2019 2020 2021 2022 Parking

1. When the vehicle is parked, thermal management
Driving/% 36 41 38 40 40 system stops working but hot battery’s heat may

. not be completely dissipated yet;
Charging/% 43 19 19 35 22 _ o
2.  Environmental temperature can reach over 65C in
Parking/% 21 40 43 25 38 summer, which exceeds the operating temperature
China EV Batter: https://www.d1ev.com/ https://zhuanlan.zh 2022 World Power Batter http://www.360doc.com range Of NCM battery;
*Source Safety Summit, Z\ugusl neE«s}Jishu/éned ihu?cﬁm/p/3533§36 Gonference . Jinm Suy Joatonti951206100/33 i Lo .
. 3.  High humidity/water cause short of electrical
components.

* The statistics are based on some reported thermal runaway events
Accident caused events are classified in Driving mode

Thermal runaway detection during parking is essential for safety & legislation compliance
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CHUROD ELECTRONICS

Thermal Runaway Process & Detection

D) i > S0 > D i P gy S e Gnoer

Temperature, Pressure, Gas .etc Can Be Measured as Signal to Indicate Thermal Runaway
Which One is the best (Fast, Most Reliable and Low Cost)?

=
“+851 voltage 3
452 gas 14 2
+-S3 smoks 2
1. Battery cell +s4 z:';pedis(ance B
2. Heat plate. :gg:}er:\:;rzure 1370
4. Vent opening ~heat plate temp. g
5. Pressure sensor (visblevening | |, 'S
6. Gas sensor i S 3
7. Temp. sensor i Rpregd =
8. Smoke detector W M1 8
9. Creep distance sensor ; osst 3
N ! N 0
100 110
Time t[s]
Sensor Detection Speed  Signal Clarity = Sensor Feasibility C .
onclusions:
51 voltage - + + .
o gasg . N B » Gas, Pressure, Smoke, and force have shown to react the fastest.
S3 smoke - 0 0 And pressure sensing is the one with highest feasibility.
S4 creep distance - - + > Signal clarity can be addressed by software algorithm.
| 55826312:3’;“;6 E 0 S > Pressure measurement does not depend on position within battery,
S7 force n . 0 because pressure travels with the speed of sound.
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CHUROD ELECTRONICS

Why current BMS (voltage, current & temperature) is not sufficient for thermal runaway

detection?
BMS with low confidence level to detect thermal runaway if no additional sensing
High probability of cell signal lost since CMU or harness be damaged in early stage due to high temperature venting
BMS can’t achieve 24/7 operation especially in parking due to power consumption

Sensing technologies comparison

Sf;::r Aﬁ;‘jgfriaege D':f:;ié‘g Reliability il'gr':f; con';ﬁ"r;zrﬁon Diagnostics  Flexibility? ~ System cost
Pressure + + A 0 + + + +
Gas - + - + - 0 0 0
Smoke - = = 0 0 0 0 0
T (point) + 0! + 0 + 4 - 0
T (cable) = + 0 + + 0 = =

Note1: T(point) is position sensitive
Note2. Including flexibility for mounting location/position and the flexibility to adapt different cells, modules and packs

Pack pressure is the best add-on signal for thermal runaway detection (well recognized by most OEMs)
Pressure (coupled with V/T from BMS) is the most reliable, easy-to-use and cost-effective system solution

28 Churod Sensing Proprietary Information. Strictly Private.




Churod Smart BPS enables parking mode with BMS wakeup function and low power consumption.

Churod Sensing Smart Churod Smart BPS’s Value
Battery Pressure Sensor

Solution (BPS)

* Proven algorithm to eliminate false warning and miss warning for thermal
runaway with high reliability

» Extremely low power consumption during parking (<0.2mA)
« 24/7 operation, and offer wakeup BMU function during parking
« Automotive Grade Design

« Easy to mount, and independent from mounting position

* Quick response & warning to thermal propagation within 10s

» Help Customer to reduce system cost
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CHUROD ELECTRONICS

Resistors doped into « Pressure across diaphragm results in tensile stress in center,

silicon diaphragm compressive stress at edge
2‘2"“ pads  Strain-sensitive piezo resistors are implanted in silicon substrate
races

and connected in a full bridge configuration

_ « Applied pressure results in a bridge imbalance that is amplified
Soft die attach and compensated in signal conditioning electronics

« MCU is used for logic control for different working mode and
alarm strateqgy.

MCU . PWM signal
For Logic control CAN/LIN transceiver

= = = =
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Gen 1 BPS

Protocol: CAN/PWM/LIN
Power supply: 6~18V, 12V typ.
Power consumption:

» <35mA @ high power operating

» <0.2mA @ BMS sleep mode
Working temperature: -40~125degC
Pressure range:

» 50~165KPaA

» Providing customization
Accuracy:

» +1% FS @ 0 ~ 100degC

» 2% FS @ -40 & 125degC
Automotive grade electronics w/ MCU
BMS Wakeup & Sensor status warning

- wmm
Schedule

In Production

00D

__
_—

00O

Gen 2 BPS

Protocol: UART/IIC
Power supply: 3~5.5V
Power consumption:

» <7mA @ high power operating

» <0.06mA @ BMS sleep mode
Pressure range:

» 50~165KpaA

» Providing customization
Accuracy:

» 1% FS @ 0 ~ 100degC

» 12% FS @ -40 & 125degC
State machine and software algorithm can be
transferred directly from Gen 1 product
Low cost

Schedule

2022. 10 > B Sample
2023. 6 > C Sample
2023. 10 > SOP

ooo

oo
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CHUROD ELECTRDNICS

Gen 3 BPS

Protocol: UART
Power supply: 3.3V
Power consumption:
» <7mA @ high power operating
» <0.06mA @ BMS sleep mode
ASIL C (TBD)
State machine and software algorithm can be
transferred directly from Gen 1 & Gen 2 product
Low cost

%9, =y

-

o

Schedule
a 2023.6 > B Sample

a 2023.9 > C Sample
Q 2023.12 > SOP

[

31
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CHUROD ELECTRONICS

Target Customers

Battery Pack Suppliers:

Puimsuneg e
CATL @ LGEnergySolution /& BYFE#®  SK'on

arasis  SVOLT 1=AiSiE

FREMX 0¥ 5 53R HUMAN HORIZONS
Key OEMs Globally:
Iz v . o A
A X KIS weEE >X siisE ©
9 NIO £ Tl X KZisE en AN SVt== GEELYAUTO S

&

&

DAIMLER

HYLI n D HI Movement that inspires @ .

Power Storage Companies:

sungrow 2 EvE (zsmien
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CHUROD ELECTRONICS

Thanks !
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