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Scope

B The project scope is defined as follows:

_______ e T T L E g

Historical Year: 2020-2024

Research
Period

E - Base Year: 2024
E Forecast Year: 2025-2029

Geographic E - Global Range
Beohe ' . The PRC
Target Market : CIS Market
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Limitation

B Source of Information

» Interviews with industry experts and
competitors will be conducted on a best-
effort basis to collect information in aiding
in-depth analysis for this report.

> The study took 2024 as the base year and 2025-
2029 as the forecast period. However, as the point
of this study being 2025, some of the figures of
2024 may not be available at the moment from

»> Frost & Sullivan will not be responsible public statistical sources. Frost & Sullivan will use
for any information gaps where the latest information available (e.g. 2023) or make

Interviewees have refused to disclose projections based on historical trends.
confidential data or figures.

> Under circumstances where information is
Ofﬁc(al not available, Frost & Sullivan in-house
sst:?jgggl analysis will be leveraged using
appropriate models and indicators to

arrive at an estimate.
Market

Indicators for

Modelin
9 » Source of information will be

Industry v stated in the right-hand
Expert 'S J comer at the bottom on
Interview g— each slide for easy
% reference.
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Methodologies and Assumptions

Methodologies and Assumptions

Frost & Sullivan is an independent global consulting firm, which was founded in 1961 in New York. It offers industry research
and market strategies and provides growth consulting and corporate training. Its industry coverage in includes consumer
products, commercial aviation, automotive and transportation, chemicals, materials and food, energy and power systems,
environment and building technologies, healthcare, industrial automation and electronics, industrial imaging and machinery,
and technology, media and telecom.
The Frost & Sullivan’s report includes information on the CMOS Image Sensor (CIS) market.
Frost & Sullivan has conducted detailed primary research which involved discussing the status of the industry with certain
leading industry participants. Frost & Sullivan has also conducted secondary research which involved reviewing company
reports, independent research reports and data based on its own research database. Frost & Sullivan has obtained the figures
for the estimated total market size from historical data analysis plotted against macroeconomic data as well as considered the
above-mentioned industry key drivers.
Frost & Sullivan's Market Engineering Forecasting Methodology integrates several forecasting techniques with the Market
Engineering Measurement-based System. It relies on the expertise of the analyst team in integrating the critical market
elements investigated during the research phase of the project. These elements include:

v Expert-opinion forecasting methodology

v Integration of market drivers and restraints

v Integration with the market challenges

¥ Integration of the Market Engineering Measurement trends

v Integration of econometric variables
In preparing the Report, Frost & Sullivan conducted detailed primary research which involved in-depth telephone and face-to-
face interviews with industry participants. Frost & Sullivan also conducted secondary research which involved reviewing
annual reports, industry publications and data based on its own research database. Frost & Sullivan obtained the figures for
various market size estimates from historical data analysis plotted against macroeconomic data, and considered related
industry drivers. Its forecasting methodology integrates several forecasting techniques with its internal analytics of critical
market elements investigated in connection with its market research work. These elements primarily include identification of
market drivers and restraints and integration of expert opinions. In preparation of the Frost & Sullivan Report, Frost & Sullivan
assumed: (1) social, economic and political environments are likely to remain stable in the forecast period; (2) related industry
key drivers are likely to drive the market in the forecast period.
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Overview of Global CMOS Image Sensor Market

Definition and Classification

Definition

K4

market

« CIS is an optical sensor built using CMOS technology, designed to convert light signals into electrical signals, and
subsequently into digital data through integrated readout circuits. As the core component of camera modules, CIS plays a
critical role in applications such as consumer, prosumer, automotive, security, industrial imaging, medical, defense and
aerospace, and scientific imaging. Compared with traditional CCD sensors, CIS offers advantages like lower power
consumption, higher integration, reduced cost, and higher frame rate, making it the dominant technology in current imaging

= CIS can be classified into three types based on the sensor structure: FSI, BSI, and stacked CIS. Among these, stacked CIS
offers significant improvements in image quality by increasing the area of pixel layer in the sensing unit, which also helps to
effectively reduce circuit noise, adding more functionalities of the sensor. Regarding the shutter exposure method, CIS can
be divided into rolling shutter and global shutter. The global shutter is the preferred choice for industrial imaging and high-
speed photography applications, as it captures the entire image at once, avoiding distortion in fast-moving scenes.

Classification

CMOS Image

Sensor

Overview of Global CMOS Image Sensor Market

Value Chain Analysis

By sensor
structure

B Front-Side
lllumination (FSI)

{ N\
The photodiode (light-sensitive
layer) is positioned below the
metal wiring and circuitry on the

front side of the sensor. J
"

( The sensor is "flipped," placing |

Back-Side
7| Nlumination (BSI)

the photodiode above the metal
wiring. Light enters from the

ROST

s

(&, S L

L1

Stacked CIS

[

backside, avoiding circuitry
(bodkage
g ——e—

The pixel aray and
logic/circuitry layers are
separated and stacked vertically.
The photodiode layer is often
\_combined with BSI technology. )

Source: Frost & Sullivan
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The value chain of cultural products comprises three key segments: the upstream focuses on idea generation and raw material procurement, while the midstream
deals with solution offerings that encompass both tangible and intangible products. The downstream segment involves service delivery and product distribution.

Q  The upstream segment covers raw material sourcing, equipment, and CIS design. Raw materials include silicon wafers, photoresists, and other

typically operate under

. CIS design

three models: Fabless (design only), Fab-lite (design with partial wafer manufacturing capabiliies), and IDM handling design to wafer produciion in-house.
O The midstream segment includes CIS manufacturing, involving processes such as wafer processing, BSI stacking, microlens and CFA and foundry services, as well as packaging and testing. It also
covers CIS sales, where CIS is sold directly to module makers or OEMs, or distrib via i

s and

Q The downstream segment involves module, camera e,

consumer, prosumer, automotive and defense and aerospace. A; a fabless
development, testing, and sales of high-performance CMOS image sensors while

Q produciion partners.

» Photolithography : 1

1

|

1

|+ Silicon Wafers Machines i
| © Photoresist and * Etching, 1!
| Developers Deposition 1!
I+ Photomasks (PVDICVD/ALD), 1|
1 « CMP Slurry lon Implantation !
I - others - CMP, Metrology !,
! and Inspection 1
: Tools )|
_____________________ Fal
P s T i Sl S SR S BN P
1 I
TN
I l:
1 ||
1 IDM Fab-lite Fabless h
1

1

and system i

g the wafer

for various end applications, covering the fields of industrial imaging, medical, scientific imaging,
CIS design company, we operate in the upstream segment of the industry value chain, focusing primarily on the design,
i ing processes to world-class

CIS Manufacturing

Wafer Processing

BS| Stacking

Foundry Services

Microlens and CFA

Packaging and Testing

Packaging

Electrical Testing

B2B Delivery

Defect Inspection

Optical Testing

Distribution

Module & System Integrators

Instrument

Camera Module Manufacture

Camera Manufacture System Integration

End Applications

iﬁ

Consumer Prosumer
Automotive Security
Industrial Imaging Medical
A ¥ Defense and
Scientific Imaging Aerospace

Source: Frost & Sullivan
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Overview of Global CMOS Image Sensor Market
Working Principle Analysis

CIS Working Principle Analysis

Photonic to Electric Conversion

Lens array
Color filter array
Photodiodes IR TY)

Readout circuit E D E

Electronic switches, efc. E E %

Digital Signal Processing and Output

Image Signal

Processor interface
Processes the digital Processed image data is
signal, performing tasks output through interfaces
like denoising, color (such as MIPI, LVDS) to
correction, sharpening, extemal devices.

efc.

FROS

I

L. . Q In terms of structure, CIS adopts

Electric Signal Processing a highly integrated architecture

fm e ! consisting of a pixel armay,
: row/column  drivers,  timing

H controller, ADC, data output

Charge Accumulation ; interface, and control logic. A CIS
: operates by exposing a pixel unit

i to impinging light photons, where

: each pixel consists of a microlens

Charge Amplifier : that focuses incoming light
! through a color filter onto a

' photodiode, converting photons

: into electrical charge. After

Row/Column Selection ; . "
Circuit exposure, in a classic 4T pixel
: structure, the charge is
transferred via a transfer gate to a
* floating diffusion node, where it is
converted into a voltage signal.
Analog to Digital Conversion This signal is then amplified by a

A M T source follower and selectively

: i : read out through a row select

Analog-to-Digital Converter transistor. Finally, the voltage is

: : sent to column readout circuits,

: digtized by an ADC, and

Parallel Conversion with : processed into image data,

Multiple Channels : completing the conversion from
light to digital image.

H Digital Pixel i

Source: Frost & Sullivan
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Overview of Global CMOS Image Sensor Market

Downstream Application Market Analysis — Consumer/ Security/ Automotive

Consumer

Security

Automotive

Consumer refer to electronic devices designed for
personal or household use, including:

« Mobile Devices: Smariphones, tablets, laptops
«  Wearables: Smartwatches, AR/VR headsets,
wireless earbuds

I
1
1
1
: +  Display Devices: TVs
1
e

| _ dynamic range, HDR).

Security (Surveillance & Monitoring) refers to systems

that utilize visual sensing technology for

environmental monitoring, target identification, and

risk waming, including:

= Video Surveillance: IP cameras, CCTV systems

- Access Control: Facial recognition gates, smart
locks

+ Industrial Security: Fadiity inspection, hazardous
area monitoring

behavior analysis

1

1

1

1

1

: «  Public Safety: Traffic violation capture, crowd
L

Automotive CIS (CMOS Image Sensor) is the core
component of vehicle-mounted cameras, converting optical
signals into electrical signals to provide envionmental
perception data for autonomous driving and advanced driver
assistance systems. Key functional modules include:

«  ADAS CIS: Used for systems like lane departure warning
(LDW), automatic emergency braking (AEB), and traffic
sign recognition (TSR). Typical applications include front-
view cameras and surround-view cameras .

+  In-Cabin CIS: Monitors driver fatigue, passenger
behavior, and child presence detection.

Imaging CIS: Supports surround-view systems (e.g.,
360° panoramic cameras) and rearview cameras (high

F ROS

1

Market drivers

O Smartphone Multi-Camera Boom: Average cameras per phone rose.

Q Video-First Social Media: TikTok/YouTube drove adoption of 4K/60fps in mid-range phones.

QO Al Computational Photography: Night mode portrait bokeh relying on multi-frame CIS
processing.

Future trends

O Cost-Effective Innovation: Reduce multi-camera costs. and improves dynamic range,
reducing reliance on external, boosting integration of CIS and Al

Q Application-Specific D d: Foldables with Ultra-thin CIS modules.

Market drivers

0O Smartphone Multi-Camera Boom: Average cameras per phone rose.

O Video-First Social Media: TikTok/YouTube drove adoption of 4K/60fps in mid-range
phones.

QO Al Computational Photography: Night mode portrait bokeh relying on multi-frame
CIS processing.

Future trends

O Cost-Effective Innovation: Reduce multi-camera costs, and improves dynamic
range, reducing reliance on extemal, boosting integration of CIS and Al.

Market drivers

0 Regulatory Mandates: Safety standards (e.g., EU NCAP) mandated ADAS adoption.
O Vehicle Intelligence: OEMs increased camera for vehicle.

O Cost Reductions: Low-resolution CIS prices fell, enabling mass-market adoption.
Future Trends

Q High Resolution & Sensor Fusion: High Quality CIS will become mainstream with
longer detection range, integrated with LiDAR/radar for redundancy.

O Advanced Automotive-Grade Tech: LED flicker mitigation (LFM) enhanced low-
light performance.
Source: Frost & Sullivan

& SULLIVAN 9



Overview of Global CMOS Image Sensor Market

Downstream Application Market Analysis — Prosumer/ Industrial Imaging

Market drivers
0O Rising Demand for Image Quality: Users seek better resolution,
color accuracy, and low-light performance

0O Content Creation Boom: Growth in viog, short videos, and social
media drives demand for pro-level devices. New use cases (e.g.,
aerial, sports) demand high-speed, stabilized CIS performance

CIS serve as the core imaging technology in prosumer devices, bridging
consumer and professional markets. They range from compact, mid-
resolution sensors for hobbyists to high-performance, large-format
sensors with advanced features like HDR, stacked design, and RAW
support for professional creators.

General Applications High-End Applications O Manufacturing Tech Advancements: Progress in BS|, stacked
(DSC) Cameras
O Entry-Level Drones o Erjffss“.’“a' Drones  (e.g., O Stacked CMOS Mainstream Adoption: Enables fast readout,
O Mid-Range Action Cams * nspire serles) real-time HDR, and Al-powered functions.
O Viog Cameras D High-FPS Action / 360° Cams O Expansion of Global Shutter Use: Reduces motion distortion,
Q Al-Integrated Imaging ideal for fast movement and aerial photography.
Systems

< 1
: 1
. 1
! |
' I
: 1
: 1
’ 1
! CMOS, and hybrid integration enhances performance. 1
: Future trends 1
! :
. 1
A I
: I
: 1
d 1

0O High Frame Rate & 8K Video Support: Meets demand for slow

| i
| |
J 1
! 1
! 1
! 1
: 1
Prosumer |1 o Compact Digital Cameras Q High-End Mirrorless / DSLR :
' 1
! |
' 1
1 1
! 1
A 1
! 1
: I motion, cinematic 8K/120fps content.

---------------------------- 1___________-—_-___—_____-----'I
: CIS in the industrial imaging sector supports a wide spectrum of ] : .
, applications. In general use, it enables basic 2D imaging functions such 1 Market drivers
, as barcode scanning and object detection in cost-sensitive I, O Rise of Smart Manufacturing (Industry 4.0): Demand for
I environments. In advanced use, it supports high-resolution imaging with 1 automation, digitization, and real-time quality control.
features fike global shutter, HDR, 3D ToF (Time-of-Fiight), and "I Q Costefficiency & Miniaturization: Preference for compact, lower-
hyperspech‘al sensing, which are essential for high-speed inspection, 1 power, integrated CIS over CCD solutions.

- t 1
' precision mefrology, and Al-powered vision systems. |: 0O Data Precision & Traceability: High-resolution CIS enhances

1

1

1

I

]

]

]

]

Industrial General Applications Advaniced Applications 1 measurement accuracy and production traceability. 1
Imaging ; ) ! 1, Future Trends 1
El} Beaande: S moning Q High-Speed Inspection ' 0 Wider Adoption of Global Shutter CIS: Eliminates motion biur in |
}

1

1

1

1

]

1
1
1
1 : : : )
, O Pacl:kagng Inspe?uon Q 3D Vision & ToF Imfaglng : 1 high-speed industrial processes.
I O Object Detection & O Hyperspectral Imaging ;' O Integration with Al and Edge Processors: Enables smarter, on-
1 Tracking Q Al-Powered Machine Vision | : device image analysis and defect dassification.
: Q Positioning & Alignment Q Precision Metrology I, O 3D Imaging & ToF Sensors: Expands into depth sensing for
, Q Factory Monitoring 1y robotic vision and industrial 3D inspection.
1
M a6 R e e s s i, s o, i o s S i i

Source: Frost & Sullivan
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Downstream Application Market Analysis — Medical/ Defense & Aerospace/ Scientific Imaging

1 CIS s a coré imaging component in modem médical dévices, ~ ~ ~ e \

I converting light into electrical signals to enable real-time, hlgh- i'  Market drivers 1

I precision imaging, incdluding: ! O Need for High-Resolution & Real-Time Imaging: Advanced

I - Diagnostic Imaging: Digital X-ray, CT detectors, fundus cameras, ;! diagnostics and surgical visualization require sharp, fast imaging. 1

I OCT systems... ! O Expansion of Tel dicine & Home Healthcare: Increased |

Medical I« Minimally Invasive Imaging: Capsule endoscopy, flexible e use of wearable and remote monitoring devices drives CIS usage. |
| endoscopes... 1! Future trends |

I« Laboratory & Life Sciences: Digital pathoogy scanners, iI' O Higher Resolution & Smaller Pixel Pitch: Supports ultra-fine |

I fluorescence microscopes... i imaging for pathology and cellular studies. 1

!« Surgical Visualization: Surgical microscopes... ' o Cross-Industry Tech Migration: CIS innovations from |

!« Ophthalmic Imaging: Retinal scanners, slit- lamp cameras, OCT... 1! smartphones and automotive sectors are entering medical use. 1

- Wearable & Remate Monitoring: Skin condiionanalyzers. .. — — 1" — -« o o oo l

! IS is gitica componentsin modem defense and aerospace imaging ' Market drivers - -0 1

systems, including: |' O Radiation-Hardened Technology Maturity: CIS is increasingly |

:  Surveillance and Reconnaissance: Drones (UAVSs), sateliite 1 designed for radiation tolerance, enabling space applications. 1

imaging payloads, border patrol systems... I, O Multi-Spectral and IR Imaging Needs: CIS with integrated filters

Defense & : = Spaceborne Imaging: Earth observation satellites, astronomical " and extended spectral range support multi-domain awareness. 1
Aerospaoe I telescopes... 1, Future trends 1
i " Pilot and Crew Vision Systems: Earth observation satellites, I, O Extended Spectral Imaging (UV to LWR): Expands CIS utility

. astronomical telescopes... 1 across infrared and ultraviolet bands for tactical advantage. 1

1T Navigation and Obstacle Avoidance: Vision-based navigation I, O Radiation-Hardened CIS Design Advancement: Faciitates

I systems in UAVs or spacecraft... Iy long-duration deep space missions and high-orbit satelite |
I._gt_h'e_ﬁ::::::::"'—:::: --------- |h__irnag]ng._______ —————————————— .

1 CIS serves as critical optoelectronic components in modern scientific :I Market drivers :

| imaging, used across disciplines such as biology, chemistry, physics, ! O Rising Demand for High-Quality Imaging: Scientific research ;

| and materials science, including: ! requires ultra-high resolution, low noise, and high sensitivity. |

| * Imaging & Analysis: Fluorescence microscopes, confocal |/ O System Miniaturization and Integration: CIS enables compact, \

1 microscopes, astronomical telescopes ... i integrated systems through SoC capabilities. |

Scientific | - Spectral & Composition Detection: Raman spectrometers, FTIR, ' O Need for Real-Time Data Acquisition: Higher frame rates and 1
Ima ging 1 UV-Vis spectrophotometer... ) low-latency imaging are critical in many experimental scenarios. "
| = High-Speed Capture: High-speed cameras, shock testing, ' Future Trends "

1 combustion imaging... ' O Ultra-High Resolution and Dynamic Range: Enables detailed 1

I+ Low-Light/Long-Exposure: Particle detection systems, deep- ! observation of microstructures and complex samples. |

| space astronomy, single-molecule imaging... i' O Event-Based and Time-Resolved Imaging: Supports capturing |

I+ Automated Control & Feedback: Lab automation systems, " nanosecond-scae transient phenomena in physical and chemical

|_ _ micro-manipulation platforms, robotic vision... _ _ _ _ _ _ _ _I_ _ _experiments. e e o =1

Source: Frost & Sullivan
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Overview of Global CMOS Image Sensor Market
Market Size of Global CIS Market

/ o 2070 124, el Ikt xparnced o s o, it e venie 2 s RMBAZ?5 bl o RMBISS 1 bl repeesening « CAGR of 22% T deci e fobal IS maret iz i 021 to 2075 was e by p e - ncced weskened o for comume™\

ot Fom 21 18 4 PN i remn s Aot Sl Chel G upore, ImcArg ca acly corstraes i founires anc GBAT ovde's, a7l shtages, wd e ol recs g e parem s, 12 s s SUFPH, e CompAnY Snd 1 CLbmars paced Tronkbaded o rs nd
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(partculany ADAS), mustriivison and medical m aging recorded rapd growh, graduslly ncreasing the F share and dver sfyng the applicaton mix

fnemus d aplislons; cormumer CIS sogmer emain e comirant ace, sccartng for more U1 71%  2024. The promumer maret frmar Fclces rdessonl pclogray nd video nd atvr hgh-end cormumer m iy Gevies. I market size grew from RMBS 2 bilon n 2020 to RMBS 6 bilon
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dversficaton of the demand tase n CIS ndustry

T v wysey o 2028 1 204t o sty an oyt comiecity e Fom o 205 ool mpecad s ol 193 CAGR o 8 6% surpoted by camarmcorry nd 2 1810 share o sulcrotis. usira, and el pplcatens n sden, Hr vake per it drien
by more cameras per vencle, higher resoluton an ASP wit from optin o stack ed CIS, 6 NR/ToF techrobges, wil futher contribute to ma ket ex pars|

Durng the perod from 2025 to 2028, the prosumer CIS market S expecd to mankm steady growt, reaching RMBS 1 biion by 2029, arien by re g demand for hgh-qualty maging I drones, aclon cameras, and persona| cortent creaton Medical maging secbi & &xpeced to manBn strong g owh
reaching RMES 8 bilionby 2029, wha proecled CAGR of 24.0% from 2025 to 2029, It & crven by s ng demand for high-resoluton dagrost maging systems, an aging populaion, and ncrease d he althcare nves I ents. Industra| m agng secbr B anteipaed o expand rapdly, with the size s ing to RMBT &
Dilion st a CAGR of 21 0% from 2025 to 2025, supported by the wide spr ead deploym entof Al-powe red visial nspecton sokions, e mand for reak-Ume defect de tecton on high-speed producton ines, and g owng NvesiMert N SMart roboAcs thatrequre Mgh-precison sersing. Growth n scientic maging &
forecast to accelera® at a CAGR of 12 7% from 2025 10 2029, fueled by expanding research funding. bx cader applications i bfe sciences and microscopy  and mcreasing demand for higner-resoluton sersors n advanced i boratores.

Tre geos naustraland scinktc m 2y CI mares re expn e t v igrEarc i e ora GBS, suppted by dstnc incurl rbvers P nckstl mageg, o acer pratsion facton) aulamaten 1 machve 1son s s s camers Geployentpr rton i, wide soten o
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K vake specifcators. whis av oding the vokm e sauraton and prkng r essure faced by corsumer and csumer CIS, thereby enabing faster and more susamable growh

Market Size of Global CIS Market, Breakdown by Application, by Sales Revenue 2020-2029E

[ consumer [ Prosumer [l Automotive [] Secuity [ Industrial [l Medical [] Scientific [Hl Defence & Aerospace
CAGR Imaging Imaging Imaging Total

2020-2024 -0.3% 5.9% 16.1% -16% 12.2% 29.1% 10.3% 76% 22%
2025E-2029E 3.3% 7.3% 18.4% 6.9% 21.0% 24.0% 12.7% 10.0% 7.8%

RMB Billion

2020 2021 2022 2023 2024 2025E 2026E 2027E 2028E

Source: Annual Reports, Frost & Sullivan
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Overview of Global CMOS Image Sensor Market
Market Size of Global CIS Market and Breakdown by Prosumer, Industrial Imaging, Medical Imaging
and Scientific Imaging (1/2)

Market Size of Global Prosumer CIS Market, by Sales Revenue, 2020-2029E

CAGR 2020-2024  2025E-2029E
RMB Billion [J Prosumer CIS 5.9% 7.3%

10 1 9.1
8.4

77

60 63 L) g =

6 1 52

2020 2021 2022 2023 2024 2025E 2026E 2027E 2028E 2029E
Market Size of Global Medical Imaging CIS Market, by Sales Revenue, 2020-2029E

RMB Billion CAGR 2020-2024  2025E-2029E
10 1 ] Medical Imaging CIS 29.1% 24.0%

8.8

5.8

4.7

3.7

2.3

1.8

2020 2021 2022 2023 2024 2025E 2026E 2027E 2028E 2029E
Source: Annual Reports, Frost & Sullivan
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Overview of Global CMOS Image Sensor Market
Market Size of Global CIS Market and Breakdown by Prosumer, Industrial Imaging, Medical Imaging

and Scientific Imaging (2/2)

Market Size of Global Industrial Imaging Market, Breakdown by Region, by Sales Revenue 2020-2029E

[ North America [l Asia-Pacific [l Europe [[] Others  Totg

CAGR
£ 9 9 .89 0.5% 12.2%
RMB Billion 2020-2024 12.5% 12.8% 108% 10.5% b
2025E-2029E 20.8% 22.4% 193% 141% 21.0% 777
8 -
71 6.49
6 E
5 -
4 E
3 -
1.85 1.99 ]
21 081 g5
1 0.35 [rs==g 0.35 rsreg 0.39
B 0.08 sl 0.09 e 0.09
2020 2021 2022 2023 2024 2025E 2026E 2027E 2028E 2029E
Market Size of Global Scientific Imaging Market, Breakdown by Region, by Sales Revenue 2020-2029E
RMB Billion CAGR [ North America [l Asia-Pacific Bl Euope [] Others  Total
2.5 1 2020-2024 10.9% 10.2% 94%  81%  10.3%
2025E-2029E 12.7% 13.7% 109% 99%  127%
1.72
152
094
035 | e
0.37
0.40
0.0 019 (K& 0.04 B 007
2020 2021 2022 2023 2024 2025E 2026E 2027E 2028E 2029E
Note: Others include South America, Africa. Source: Annual Reports, Frost & Sullivan
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Market Drivers

Market Drivers

Accelerated
Technological
Advancement

Incremental Demand

Pixel size reduction has been a fundamental driver of CIS performance improvement in consumer applications. With
advanced process nodes, pixel sizes continue to shrink while maintaining or enhancing light sensitivity through optimized
optical structures. This enables higher resolution in compact designs, which is essential in mobile, tablet and computer
applications. Backside illumination improves low-light perfformance by relocating metal wiring behind the photodiode, while
stacked CIS architecture separates the pixel array from logic circuits. This allows for higher data throughput and advanced
on-chip functions such as multi-frame processing, HDR imaging, and on-chip image processing which are critical for
professional imaging and machine vision. Technological advancement in sensor design, such as high dynamic range, high
frame rate, low noise, low power and high sensitivity, is also rapid evolving. On the HDR advancements, induding digita-
overlap HDR and per-pixel exposure control, address the need for accurate imaging in complex lighting conditions. These
technologies are widely applied in automotive systems, industrial inspection, and scientific measurement. Faster readout
speeds and the adoption of global shutter technology further enable distortion-free image capture in high-speed imaging,
high-end industrial imaging, and professional imaging applications such as cinematography. Improvements in power
efficiency, noise reduction and high sensitivity through low-power design, power mode control, and themnal noise suppression

enhance reliability in mobile and low-light environments, especially in medical and laboratory settings. These innovations
naerscore tne accelerain ace 9) di € d arKe glevance

The increasing need for automation in industries such as factory automation, logistics and positioning, as well as high-end
industrial inspection and metrology is pushing demand for high-performance CIS. The wide adoption of CIS in the production
line increases throughput, reduces costs while improves quality. In scientific imaging sector, high performance image sensor
demand is driven by the continuous advancements in research areas such as astronomy, material science, biology, DNA
sequence, etc. Higher resolution, improved sensitivity, and faster readout speeds are essential for capturing more detailed
data, driving the growth of CIS in this field. For prosumer, the rise of content creation, induding photography, cinematography,
and broadcasting, continues to boost CIS demand, requiring sensors with higher resolution up to thousands of frames per
second, improved low-light performance, and enhanced dynamic range. In medical imaging, CIS adoption is being driven by
the demand for diagnostic techniques and portable imaging devices. Medical applications such as endoscopy, and diagnostic
cameras require high-resolution and low-noise sensors to ensure accurate results. The rising focus on patient care and the
growing need for real-time and on-site diagnostics are pushing demand for CIS in medical imaging technologies.

Ecosystem
Transformation

Mature CMOS processes and mass production capabilities have driven continuous cost reductions per unit, cementing CMOS
as the dominant technology over CCD in high-end imaging systems. Regionalized supply chain strategies are accelerating,
with Asia leading manufacturing and packaging/testing, while North America and Europe retain leadership in sensor IP and
algorithm development, forming a complementary “from R&D to manufacturing” ecosystem. The CIS market for consumer
application is highly concentrated with manufacturers in Japan, Korea, and China. Similarly, the competition in automotive and
security applications are also concentrated and highly competitive with suppliers in North America and China. Due to widely
spread requi its and sp ions, the competition in scientific imaging, industrial imaging, medical imaging, prosumer,
and defense is less intense and the competitive dynamic and trend is towards technology and performance. The

playerrs have been significantly consolidated through acquisitions and mergers in the past decade to strengthen and expand
the position in these high value-added market segments. In addition, the sustained capital investments in vision technologies
empower startups to innovate rapidly, fostering healthy competition with incumbents and collectively expanding the overall
market scale.

Source: Frost & Sullivan
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Overview of Global CMOS Image Sensor Market

Future Trends

Pursuit of High Performance and
Intelligence

v

The global CIS market is evolving toward higher
resolution, lower power consumption, and enhanced
optical performance. The maturing of stacked sensor
architecture, which separates the pixel and logic layers,
significantly improves processing efficency and image
quality. Functionality, feature or even intelligence
integrated in the logic layer at the sensor level, is
becoming a key trend. Integrating Al accelerators, signal
processors, and embedded algorithms direclly into the
sensor chip is becoming increasingly important. This
enables real-time edge computing functions such as
object detection, scene classification, and event
recognition during image capture. Such capabilities are
patticularly valuable in automotive vision, surveillance,
and smart manufacturing systems. Additionally, the
industry is seeing rapid advancements in high dynamic
range and high-speed readout technologies. Features
like digital-overlap HDR, regional exposure control, and
global shutter architectures are improving performance
in complex lighting and fast-motion environments. These
technologies are essential for professional imaging,
robotics, and sdentific imaging. Lastly, the trend toward
low power consumption and system-level integration
continues to strengthen. Through advanced packaging,
multi-mode power management, and themal noise
suppression, CIS is becoming more efficent and

compact, enabling new applications in mobile healthcare,

wearables, and portable diagnostics.

Application-Oriented Vision
Solution Driving Market Growth

===

Application oriented vision solution is emerging as a
key trend driving future growth of the CIS market, as
image sensing technology expands from consumer
electronics into a wide array of high-potential
industries. In industrial imaging sector including
machine  vision, growing  automation in
manufacturing and logistics is increasing the need
for precise detection, real-time analysis, and robotic
control. This pushes the development of sensors
with faster frame rates, global shutter functionality,
and integrated processing capabilities. In medical
devices, there is a growing need for sensors with
superior low-light performance and extended
dynamic range. The sdentific research and
instrumentation field is also expanding CIS usage.
Applications such as microscopy, spectroscopy, and
environmental observation require sensors that
perform under low light and extreme conditions,
driving the need for high-peformance and
customizable CIS solutions. Smart city initiatives are
also fueling demand for high-frame-rate and high-
reliability image sensors in surveillance, intelligent
transportation, and unmanned retail, positioning
these sectors as key contributors to the continued
expansion of global CIS market.

_Future Outlook

Ecosystem Collaboration and

Industry Chain Integration
Single companies can no longer optimize the entire value
chain alone, making collaborative innovation and vertical
mtegrahon esenial At the upstrem level, leading CIS
hips with

and OSAT (uutsouroed semconduaor assembly and tesf

id to the ion of nodes, stacking
technnlogles and global shutter architectures. Open
platform models are also emerging, where design houses
co-develop solutions with EDA and IP vendors to shorten
development cycles and improve customization. In the
midstream, collaboration between sensor makers, lens
suppliers, ISP vendors, and Al chip developers is deepening.
Through joint optimization, these players work together to
enhance image quality, computational eficiency, and
applicafion-specific tuning, which is critical for use cases
such as ive vision sy ic imaging
devices, and indusfrial inspection tools. At the
level, more terminal device manufacturers are engaging in
the early stages of sensor definition. By co-developing
sensor specifications and interface standards with CIS
providers, they ensure better system-level performance and
faster time to market This reverse-driven model is
becoming the industry norm. Additionally, new application
fronfiers such as AI vision, Iow-power |mm|ng, and 3D
sensing are p the of ¢ d
ecosystems. Companies from different segmens are
working together to integrate image capfure, edge
processing, and cloud analyfics into unified solutions,
accelerating the deployment of CIS in next-generation
scenarios. The fuure of the global CIS industry will be
shaped by collab ically integrated
supply chains, and platform-based Innwaﬂon

Source: Frost & Sullivan
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Laws and Regulations

Creating Helpful Incentives to Produce

Semiconductors for America Act (CHIPS ACT us 2022.09
OF 2022)

INFORMATION AND COMMUNICATIONS

TECHNOLOGY INDUSTRY PROMOTION  South Korea  2022.06
ACT

Integrated Innovation Strategy 2024 Japan 2024.06
Korea's National Quantum Strategy South Korea  2023.06
National Strategy for Advanced Manufacturing us 202210
High-Tech Strategy 2025 German 2019

House
Senate

The act etabiishes and provides funding for the Creating Helpful Incentives o Produce
Semiconductors (CHIPS) for America International Technology Secmty and Innovation Fund

to (1) provide for and logy security and
semiconductor supply chain actwlnes luding to support the I and adoption of
secure and trusted jes, secure semi secure

semiconductors supply chains, and other emerging technologies; and (2) carry out the
Muliilateral Semiconductors Security Fund and the Muliilateral Telecommunications Security
Fund.

The policy direction of the Korean can be into the three
Ministry of Industry and (1) building ientICT i , ) improving information and
communicalion environment, and (3) providing more ICT educafion.
Mmsirn;ooflndLstry and information Fusion energy and hnologies are i jies that will spawn new
TMGI:!;W u%yEducai on "'dls‘"es Ny
4 : and Beyond 5G (6G) are fundamental
Minisiry of§uence and Technology People's tecmdoga tmtsmpon Japan's economy and sodety, and they are becoming increasingly
Bark oé::qpa, and in Japan's i gowth With regard fo these key tachnologes, we will
cchna iss.mng sl 4 sirungw promote R&D, i ion, and human by i

National Energy Administration

Ministry of Science and ICT

National Sdence and Technology Council
Executive Office of the President

Federal Government of Germany

technologies across fields from a bird's-eye perspective.

‘I'heNahomI Qlatumstrzegy R&D for hnol with a strong
focus on and quantum sensors with traditional semiconductor
chips. Given the attical role serm:mdumors play in quamm systerms, there is significant
policy support aimed at the i chips for

applicafions. The South Korean government is pmvuing financial incentives and fundrg o
both public and private ies involved in i
those focusing on quantum-related chips.

are the dation of iics, and in
technology are critical for nafional security and for aimost every sector of the economy. The
strategy encourages significant federal and pnvae sector investment in semiconductor R&D.
For CIS, this to funding for improving sensor logies, such as better image
resolution, faster processing speeds, and reduced power consumpfion.

The High-Tech Strategy 2025 places a strong emphasis on increasing funding for R&Din
the semiconductor sector. For CIS, this means more resources dedicated to improving
imaging technologies, miniaturization, higher resolution, and faster p speedsin
sensors. The strategy encourages the develop of new d materials and
fabrication processes, which are crudal for advancing CIS technology. Innovations in
materials like graphene or wide-bandgap semiconductorscould lead to enhanced

sensor performance, particularly in terms of sensitivity and speed.

Source: Government websites of different countries, Frost & Sullivan
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Overview of CMOS Image Sensor Market in the PRC
Market Size of CIS Marketin the PRC

From 2020 to 2024, the CIS market in the PRC maintained stable growth, with market size expanding from RMB34.3 billion to RMB38.6 billion, representing
a CAGR of 3.1%. Consumer remained the largest application segment, although its share showed slight fluctuations over the period. The industrial imaging
applications increasing from RMBO.8 billion to RMB1.3 billion at a CAGR of 14.4%. Scientific imaging CIS also demonstrated steady growth, rising from
RMBO.3 billion to RMBO.4 billion, reflecting a CAGR of 11.7%.

Looking ahead from 2025 to 2029, the PRC CIS market is expected to sustain its growth trajectory, expanding from RMB41.9 billion to RMB59.6 billion, with
a projected CAGR of 9.2%. The industrial imaging applications are expected to expand from RMB1.6 billion to RMB3.6 billion at a CAGR of 22.5%. Scientific
imaging applications are anticipated to reach RMBO.8 billion by 2029, with a CAGR of 14.2%, forming part of a rising cluster of high-value, professional-grade
use cases.

Market Size of CIS Market in the PRC, Breakdown by Application, by Sales Revenue 2020-2029E

CAGR [ consumer [l Prosumer [l Automofive [] Secuity [] :ndusitry BE IMedti:aI O |Scierit'rﬁc B Defence &Aerosxace.l_otal
2020-2024 -04% 1.1% 19.6% 0.6% 14.4% 28.1% 11.7% 76% 3.1%

2025E-2029E 2.7% 5.1% 22.1% 67%  225% 23.6% 14.2% 8.2% 9.2%

RMB Billion

60 7

50

40 A

30 1

59.6

2020 2021 2022 2023 2024 2025E 2026E 2027E 2028E 2029E
Source: Annual Reports, Frost & Sullivan
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Overview of CMOS Image Sensor Market in the PRC

Market Drivers

Market Drivers

Technology Innovation

Technology innovation is a key driver of the CIS market, with advanced architectures and integration
breakthroughs reshaping performance benchmarks. Backside-llluminated CIS has become mainstream by
repositioning the photodiode above the metal wiring layers, significantly boosting low-light sensitivity. Stacked CIS
architectures go a step further, physically separating the pixel and logic layers to enable denser pixel amays,
enhanced image processing, lower noise, and faster data readout. At the packaging level, innovations in wafer-
level packaging (WLP) and chip-scae packaging (CSP) allow for ultra-thin and compact sensor modules, which
are ideal for next-gen applications like industrial internet of thing/miniaturized devices. Moreover, on-chip ISPs
equipped with embedded Al now support real-ime scene analysis, noise filtering, and HDR optimization directly
at the sensor level, greatly improving image quality while optimizing energy efficency. These continual
innovations strengthen CIS competitiveness across consumer, automotive, and industrial imaging domains.

Rise of Application
Demand

The professional imaging sector in prosumer segment, including film production, news gathering, and
broadcasting, continues to raise the bar for image darity, color accuracy, and low-light performance. This trend is
expanding the role of domestic CIS suppliers in high-end cameras and professional equipment. Security and
surveillance systems also reman a critical source of demand, with China's "Skynet" program and smart-city
initiatives deploying over 200 million networked cameras nationwide, where 4K and higher-resolution systems
now account for the majority of new installations. These trends are driving demand for high-dynamic-range and
low-power CIS devices that support real-ime analytics and integration with edge Al workloads. In industrial
automation and medical diagnostic imaging, critical machine vision tasks, such as precision electronics assembly
lines and semiconductor wafer defect inspection, necessitate specialized sensors equipped with ultra-high frame
rate operation, nanoscale signal linearity, and sub-millimeter resolution for microscopic anomaly identification.
Meanwhile, minimally invasive endoscopic and surgical navigation systems demand increasingly compact and
sensitive CIS modules, accelerating innovation in pixel architectures and packaging technologies.

Policy Support

Chinese “domestic substitution” drive and 14th Five-Year Plan have unlocked substantial policy support: the
national Integrated Circuit Industry Investment Fund (“Big Fund®) has deployed over RMB 150 billion into key
segments including CIS, while provincial govemments offer land, power, and tax incentives to local champions to
scale capacity and R&D. In medical sector, the 14th Five-Year Plan emphasizes the replacement of imported
medical equipment. This has driven strong demand for secure, high-performance imaging components in
endoscopes, surgical systems, and diagnostic devices, strengthening the position of domestic CIS suppliers.
Moreover, strategic intemational collaborations and technology licensing agreements with global leaders are
helping Chinese vendors narrow the gap on front-end lithography, back-end packaging, and IP design, speeding
domestic mass production of advanced CIS devices for both local and export markets.

Source: Frost & Sullivan
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Overview of CMOS Image Sensor Market in the PRC

Future Trends

Accelerated Domestic Substitution and

Strengthened Self-Reliance

Ecosystem Collaboration and
Platform-Based Evolution

Intelligent Upgrades Driven
by Al Integration

v

Through deep collaboration with domestic
foundries, outsourcing and assembly test providers,
and system integrators, Chinese players will
building a self-reliant, highly responsive image
sensor value chain. Unlike global competitors who
often rely on fragmented and internationalized
production models, Chinese image sensor
companies are leveraging vertical integration and
localized coordination to significantly reduce costs
while improving customization speed and product
adaptability. This approach is particularly effective
in vertical markets such as industrial vision,
medical imaging, and scientific imaging, where
domestic players are beginning to establish a real
competitive edge. Supported by strategic polides
and industry funds, domestic firms are poised to
make significant strides in mid-to-high-end sensors,
narrowing the gap with global leaders. The rapid
acceleration of domestic substitution will lead a
combination of high-quality output, affordability,
and responsiveness.

=

Chinese CIS vendors are rapidly
integrating Al algorithms onto the
sensor chip itself, enabling features
such as automatic scene recognition,

intelligent noise reduction, and
dynamic range optimization, thereby
enhancing image quality and

efficiency at the source. Co-design
of hardware and algorithms has
become the norm, with sensor
manufacturers collaborating with Al
software firms to develop unified
platforms that accelerate feature
iteration and customization. For
scenarios like smart surveillance
and intelligent transportation, Al-
driven edge-computing enables
sensors to perform local object

detection and behavior analysis,
reducing reliance on the cloud and
improving response times.

v

The CIS industry in the PRC is shifting its
strategic focus beyond standalone sensor
specifications to encompass cross-
disciplinary integration of algorithms, ISP
chipsets, and Al accelerators across the
semiconductor value chain. Progressive
manufacturers are adopting a system-
level platformisation approach,
engineering modular sensor ecosystems
optimized for diverse  application
scenarios spanning consumer electronics,
automotive ~ ADAS, and industrial
automation sectors. Meanwhile, a more
complete domestic supply chain from chip
design to wafer fabrication, packaging,
and module integration, which is emerging,
fostering vertical collaboration.
Standardization, open interfaces, and
industry alliances will further enhance the
ecosystem efficiency and innovation
momentum.

e P

T

Source: Frost & Sullivan
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Laws and Regulations
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THMRFSHEERL)

Guiding Opinions on Promoeting the Developm
of the Energy Electronics Industry ( (<TFig=hfE 2023.02
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Shenzhen 2022 Smart Sensor Policy ( (ZR3ll

02BEEBBLEE) ) d2 0

The outiine of the 14th Five-Year Plan (2021-
;0)35; )( (+EARRFR035 TR BIANE (£2021.03

Action Plan for the Development of the Basic
Electronic Components Industry (2021-2023)(
(§Eﬂ%5‘7\:${#¥ﬂ£ﬁ(ﬂb#&)} (2021-
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The National Development and Reform

Commiss

Ministry of Industry and Information

ion

Technology

Ministry

Ministry of Sdence and Technology

of Education

State Administration for Market
Regulation

Ministry

of Finance

Ministry of Industry and Information
Technology
Ministry of Educafion

Ministry of Science and Tech
People's Bank of China,

China Ba

nking and

heaith

Manufacturing of Domler radar and medical
bioelectronics, ics, power financial pace instruments
and meters electronics: Manufacturing of products such as image sensors, sensor electronics, etc.
added to the encouraged category.

The foaus is on improving the ility of i and high-end
genemlwrpose chips such as 8C/CUGPU Wwide-bandgap power devices like gallium nitride and silicon
ision opfical optical devices, new sensitive components and
sensors I-lg'n adaptability sensor modules, Beidou chips and devices, chip-mounted passive
like resistors, itors, and inductors, high-speed connedors, high-end RF devices,
high-end electrome chanical components, and LBD chips.

Strengthen the development and application of key information technology products for the new energy
sector, primarily including power ics, flexible el ics, sensor smart energy
|nfurrnalon syserrs as wellas related ad d indu | software,

ial robots, and other adaptive technologies and product research. Focus on

miniaturized, hgh—perfummce h|g1-effc|enw. and highly reliable power semcovdtcbrdevmes

Commission

National Energy Administraion

Ministry of Industry and

Technolo,

National People's Congress

9y

Sensor comp devices, and other basic
and Support the construction of ultra-high voltage and other new
energy supply and consumpfion systems.

It proposes that by 2022, to meet the core manufacturing needs of smart sensor design companies
such as pilot tests and mass production, the city \M|| invest in and parhupet in pro;ev:t construction by

Ministry of Industry and Information

Technolo

I

Competitive Landscape

ay

R QS

RO 5

I

I

o

SULLI

g capital in with the il 25% of
the total pm]ectlmstment This policy hs greatly promoted the develo;:ment ofsmall and medium-
sized enterprises in the CMOS image sensor manufacturing sector in China, providing significant
potential and space for market demand in the CMOS image sensor industry.

Clarify the focus of wncentraed resources to tackle key core technologies in the fields of emerging and
sudden i i i and control, phar i and medical devices,
key components and materials, and DI| and gas and This policy the
development of MEMS sensors in the medical field, closely aligning with the post-pandemic trends in
the biotechnology and healthcare sectors, and aims to build an industrial cluster for key components.

The plan focuses on the development of miniaturized, low-power, integrated, and hgtiy sensitive
components, as well as high-end sensors in gories such as gas, displ
optoelectronics, and biochemistry.

speed,

Source: Ministry of Industry and Information, Frost & Sullivan
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Competitive Landscape
Ranking of CIS Companies

Ranking of Global CIS Companies,

by Market Share in terms of Revenue in Industrial Imaging CIS Market (2024

Ranking Company Name  Private/Public Brief Introduction 'g:::;::az'gz:y

Founded in 1946 and headquartered in Japan, the company is listed on the Tokyo Stock

Exchange and is a global leader in CMOS image sensors widely used in consumer, 33.6%

automotive imaging, security, and industrial imaging applications, with a revenue of :

approximately RMB604.5 billion in 2024.

Founded in 1999 and headquartered in the USA, the company is listed on the NASDAQ and -

2 Onsemi Public provides high-perfformance CMOS image sensors for automotive and industrial imaging 18.2%
applications, with a revenue of approximately RMB50.6 billion in 2024.

1 Sony Public

It is a China-based image sensor in high luti CMos 15.2%

3 The Company Private sensors for industrial imaging, medical, ;;Id sciernﬁﬁc ima;ing applications.

Founded in 1960 and headquartered in the USA, the company is listed on the NYSE and
4 Teledyne Public offers advanced CMOS and CCD image sensors for sdientific, aerospace, and defense 10.9%
markets, with a revenue of ap proximately RMB40.6 billion in 2024.

Founded in 1995 and headquartered in Shanghai, it is listed on the Shanghai Stock

Exchange and specializes in the design and sales of CMOS image sensors for consumer 6.3%
electronics, automotive, and industrial imaging applications, with a revenue of approximately :
RMB25.7 billion in 2024.

5 OmniVision Public

Top 5 Subtotal 84.2%

* In 2024, Sony led the industrial imaging CIS market in the PRC with a market share of 33.6%, followed by Onsemi (18.2%) and the
company (15.2%). The top five companies, Sony, Onsemi, the company, Teledyne, and Omnivision, together accounted for 84.2% of the
market by revenue, indicating a highly concentrated landscape dominated by a few global and regional leaders.

» The company, which ranked third with a 15.2% market share, has established a strong position in the global industrial imaging CIS segment.

Note: In terms of revenue in 2024, industrial imaging CIS market
accounted for approximately 2.1% of the global CIS market. Source: Annual Reports, Frost & Sullivan
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Competitive Landscape
Ranking of CIS Companies

Ranking of Global CIS Companies,

by Market Share in terms of Revenue in Scientific Ima CIS Market (2024

. . . Market Sha
Ranking Company Name  Private/Public Brief Introduction Revenue, ;:2?

Founded in 1960 and headquartered in the USA, the company is listed on the NYSE and
1 Teledyne Public offers advanced CMOS and CCD image sensors for sdentific, aerospace, and defense 28.4%
markets, with a revenue of ap proximately RMB40.6 billion in 2024.
Founded in 1953 and headquartered in Japan, the company is listed on the Tokyo Stock
. Exchange and specializes in sdientific-grade CMOS sensors for medical imaging, industrial 17.6%
2 Hamamatsu Pubiic imaging, and scientific imaging applications, with a revenue of approximately RMB9.9 billion o
in 2024.

It is a China-based image sensor i ializing in high: lution CMOS 16.3%

3 The Company Privite sensors for industrial imaging, medical, ra;\d scientific imaging applications.

Founded in 1999 and headquartered in the USA, the company is listed on the NASDAQ and
4 o . Publi provides high-perfformance CMOS image sensors for automotive and industrial imaging 5.5%
nsemi ublic applications, with a revenue of approximately RMB50.6 billion in 2024.

Founded in 2001 and headquartered in the United States, It is a CMOS sensor company
5 Fairchild Imaging Private specializing in medical imaging, industrial, and scientific imaging applications, with a revenue 36%
of approximately RMB95.4 million in 2024.

Top 5 Subtotal 71.4%

+ In 2024, Teledyne held the leading position in the global scientific imaging CIS market with a 28.4% share, followed by Hamamatsu at
17.6% and the company at 16.3%. The combined market share of the top five reached 71.4%, indicating a strong presence of specialized
vendors in this high-precision segment.

« The company, ranking third globally, has gained notable traction in scientific imaging by offering tailored CMOS sensor solutions that
address the demanding requirements of research laboratories, advanced diagnostics, and analytical instrumentation.

Note: In terms of revenue in 2024, scientificimaging CIS market accounted
for approximately 0.8% of the global CIS market. Source: Annual Reports, Frost & Sullivan
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Overview of CMOS Image Sensor Market

Entry Barriers

Research and

Development
Innovation Barrier

Talent & Capital Barrier

Supply Chain
Integration Barrier

In the CIS industry, research and development innovation has emerged as a critical barrier due to the extensive scientific
and engineering challenges involved in image sensor development and commercialization. It requires multi-years of
development cycles from concept to production, entailing mask sets, prototype wafer spins, and reliability testing.
Advanced pixel architectures and circuitry architectures demand deep expertise in device semiconductor physics, optics,
and mixed-signal integration. Modem CIS also integrates on-chip image signal processors for functions like HDR
merging and noise reduction, necessitating co-development of hardware and algorithms. Furthermore, navigating a
landscape rich in patented technologies adds legal

complexity and licensing costs.

In the CIS industry, the talent and capital barier highlight the critical need for both specialized technical expertise and
substantial financial resources. Leading-edge CIS development demands experienced multidisciplinary teams induding
device physicists, mixed-signal IC designers, process engineers, optics engineers, and image-algorithm specialists,
recruiting such a team is often challenging due to the high demand, low supply. It is also important for such a team to
work efficiently and keeping up with the tech trends. The facts that tech giants and startups compete for scientists and
engineers sets high salary expectations. For fabless companies, the capital barrier is significant due to high costs
associated with R&D employees, and costs associated with expensive process development, software, photomask sets,
prototype wafer runs, etc. Long time-to-market, slow adoption, and scaling production capacity also require robust
liquidity reserves to cover operational expenses, raw material procurement, and mask set iterations. For fab-lite or IDMs,
building or expanding CIS manufacturing capabilities requires hundreds of millions to bilions of dollars in capital
expenditure for clean-room faciliies and specialized equipment. Without a robust talent pool and resilient financial
backing, new entrants and smaller firms cannot absorb the high bum rates or attract the niche experts essential for
successful CIS innovation and production.

The supply chain of CIS is highly dependent on the spedalized semiconductor foundries, whose process can be
customized for various pixel design performance with no compromise on analog, digital performance, quality, or reliability.
The access to these foundries is dominated by giant companies, and normally associated with substantial upfront
payment for process setup and fine-tune. CMOS image sensor wafers normally requires micro-lens array and color filters
amray which is processed on wafer level and handled by spedcialized color foundries. The finished wafers are then tested,
packaged using methods such as WLCSP or ceramic packaging, which are normally handled by separated assembly
facilities. The packaged sensors are then tested either in-house or outsourced to OSAT suppliers. Orchestrating this
multi-iered ecosystem demands robust logistics, quality control systems, and long-term contracts to ensure materials
availability, yield consistency, and synchronized ramp-ups. New enfrants lacking established relationships and
coordination platforms struggle to secure timely supplies, negotiate favorable terms, and maintain

end-to-end traceability, making supply-chain integration a formidable barrier.

Source: Frost & Sullivan
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Overview of CMOS Image Sensor Market

Entry Barriers

Downstream Know-How

Barrier

Brand Recognition

Barrier

The CIS industry stems from the deep domain expertise required to integrate image sensors into diverse end-use
systems. Leading suppliers not only supply raw CIS but also provide comprehensive support including tailored optical
designs, ISP parameter adjustments, precision autofocus algorithms, and full-system calibration services, expertise that
has been cultivated through extensive collaboration with OEMs in the smartphone, automotive, surveilance, and
industrial markets. For instance, achieving reliable HDR performance in low-light security cameras, or calibrating color
fidelity for medical diagnostics, demands proprietary test procedures, software toolchains, and application-specific
validation protocols. New entrants lacking this specialized know-how must build multidisciplinary teams of optics
engineers, firmware developers, and application spedalists, and invest in reference designs, validation labs, and long-
term pilot projects with OEMs. Without these capabilities, even technically sound CIS may underperform in real-world
products, making downstream expertise a critical barrier to market acceptance.

The CIS industry is shaped by the long-standing reputations of established market leaders, whose sensor products have
consistently demonstrated superior quality, reliability, and performance over decades of commercial deployment. OEMs
and module makers prefer these established brands to minimize integration risks, ensure supply chain stability, and
leverage proven support and firmware ecosystems. High-profile partnerships further reinforce customer trust, creating a
virtuous cycle where brand strength drives broader adoption. New entrants face an uphil battle to gain credibility. They
must invest heavily in marketing, secure pilot projects with marquee customers, and demonstrate long-term field
reliability through rigorous certifications. Without recognized branding or customer endorsements, smaller or newer CIS
suppliers struggle to penetrate design-in pipelines and achieve scae, making brand equity a aritical barrier to entry.

Source: Frost & Sullivan
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Appendix

Customized solutions typically present a higher technological barrier.

CIS is widely used in various applications, induding consumer electronics (such as smartphones, tablets, and computers), prosumer electronics (like
DSLR, DSC, and action cameras), automotive systems, security surveillance, industrial imaging, medical imaging, scientific imaging and defense and
aerospace.

In CIS market, there is a dear distinction in demand for products between consumer and non-consumer applications. Consumer CIS primarily targets
mass-market electronics such as smartphones, computers, and tablets, characterized by high volume, strong price sensitivity, and short product cydles.
Manufacturers compete through cost control and large-scae shipments, with customers focusing on price-performance ratios and rapid innovation. In
contrast, non-consumer CIS serves specialized sectors such as industrial imaging, automotive sector, medical imaging, scientific imaging, etc. These
applications demand for CIS products with higher unit prices, higher added value, and higher level of customization.

According to Frost & Sullivan, the global market for professional photography and video solutions is expected to grow from RMB4.5 billion in 2024 to
RMB5.9 billion in 2029, representing a CAGR of 5.6%.

The company Released the second generation of charge-domain global shutter CMOS image sensors in GMAX series, featuring multiple pixel sizes such
as 2.5um, 3.2um and 4.6pm, based on 65nm process, launched products including the world's smallest global shutter pixel of 2.5um at that time.

The company launched the world’s first backside-illuminated scientific-grade CMOS image sensor at that ime, GSENSE400BSI.

The company Launched the global shutter CMOS image sensor GMAX32152 with a resolution of 152 MP, the highest resolution known for global shutter
CMOS image sensors in the market at that ime.

The global CMOS image sensor market is experiencding modest growth, benefiting from a combination of growth drivers indluding (i) accelerated
technological advancement, such as pixel size reduction, backside illumination, stacked architecture, HDR advancements, improvement of power efficiency
and noise reduction; (ii) intelligent upgrades driven by Al integration enabling features such as automatic scene recognition, intelligent noise reduction and
dynamic range optimization; and (jii) shift of strategic focus beyond standalone sensor specifications to encompass cross-disciplinary integration.

It is in line with market practice to deal with trading companies in the CIS industry.
It is not uncommon in CIS industry to have overlapping customers and suppliers.

Source: Frost & Sullivan
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“ADC"™: analog-to-digital converter, a converter that changes analog signals into digital data.

“APS-C": advanced photo system type-C, also known as advanced photo system-dlassic type, a spedification for measuring the optical size of CMOS
image sensors, which is generally 29.3mm when referring to the optical size of CMOS image sensors.

“area array” or “area amay sensor”: a form of CMOS image sensors featuring pixels aranged in a two-dimensional matrix, which allows them to capture a
complete 2D image in a single exposure
“GDS": graphic database system, a file format for integrated circuit layouts

“IC”: or “integrated circuit” integrated circuit, a type of miniature electronic device or component, manufactured using semiconductor techniques, integrg_!'ng
all the necessary transistors, resistors, capacitors, inductors and their connecting wires for a circuit onto a small semicgnd_mtor V\_rafer (such as a silicon
chip or substrate), which is then soldered and encapsulated within a casing to form an electronic device with the desired circuit functions

“IR": infrared, a type of electromagnetic radiation with wavelength just greater than that of the red end of the visible light spectrum but less than that of
microwaves

“LED": light-emitting diode, a semiconductor diode that emits light when voltage is applied

“linear array” or “linear amray sensor” a form of CMOS image sensors featuring pixels arranged in a single line and capturing 2D images by scanning
objects moving at a constant speed perpendicular to the sensor’s orientation

“OLED": organic light-emitting diode, a LED technology used for fiat panel displays, in which the emissive electroluminescent layer is a film of organic
compounds which emit light in response to an electric current

“photomask”: an opaque plate used to replicate circuit layouts onto the wafer during the wafer manufacturing process

“ToF”: ime-of-flight, a method for measuring the distance between a sensor and an object, based on the time difference between the emission of a signal
and its retumn to the sensor, after being reflected by an object. ToF can be further categorized as direct time-of-flight (“dToF”) and indirect time-of-flight
(“iToF")

“ultra-HD": ultra-high-definition, which includes 4K and 8K digital video formats

Source: Frost & Sullivan
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The industry in which The Company operates is highly competitive worldwide and increasingly characterized by frequent introduction of new designs, short
product life cycles, quick response to customers’ preference and increasing demand for quality products and price sensitivity.

The market in which The Company operates is highly competitive, characterized by rapidly changing technologies.

The Company operates in a highly compefiive market characterized by rapid technological evolution, swift changes in customer demands and
preferences, frequent infroduction of new products and services, and the constant emergence of new industry standards and practices.

In light of The Company'’s strategic efforts to expand into intemational markets, The Company is increasingly exposed to global trade policy developments
and geopolitical tensions.

Since then, The Company has made substantial progress and have grown into a global leading provider of high-performance CMOS image sensors,
focusing on the research and development of high-performance CMOS image sensors.

This model also allows The Company to benefit from the advanced technologies and economies of scae that their suppliers bring to the table, ensuring
that their high-performance CMOS image sensors remain competitive in a rapidly evolving market.

In 2015, The Company successfully developed the world’s first BS| sSCMOS image sensor, subsequently expanding into industrial imaging, professional
photography and video, and medical imaging sectors, where The Company has achieved multiple industry “firsts” and pioneering breakthroughs.

The global CMOS image sensor industry in which we operate is highly competitive and concentrated. The principal competitive factors in our markets
include technological expertise and innovative R&D capabilities, product development capabilities and supply chain partnerships.

The Company primarily competes with a number of global and regional CMOS image sensor design companies and manufacturers.

Industrial imaging: China's core industrial chains, including lithium battery and photovdtaic new energy, Al-powered collaborative robotics, and
semiconductor manufacturing, are rapidly advancing toward high-end, intelligent, large-scae, and globalized development. Industrial inspection has
become a critical foundation for manufacturing process upgrades, yield assurance, and production efficency enhancement.

Scientific Imaging: Supported by favorable policies, technological iteration, application expansion, and accelerated domestic substitution, global demand for
high-predision, high-efficiency, and ultra-stable scientific instruments continues to grow, creating substantial market opportunities.

Professional Photography and Video: Driven by Al algorithm advancements, 5G infrastructure development, 3D modeling breakthroughs, and precision
optical component innovation, the global professional imaging market is experiencing substantial growth. This expansion stems from both the
professionalization of film production and democratization of content creation driving equipment upgrades, as well as consumers’ growing demand for
professional-grade imaging quality and scenario-specific functionality.

Medical Imaging: Globally, and particularly in China, healthcare infrastructure improvements and technological advancements have friggered explosive
growth in medical imaging demand, indluding disposable endoscopes and X-ray detection systems, presenting tremendous market potential.

Global shutter pixel technology is widely demanded in industrial imaging, intelligent transportation, high-speed imaging, and other applications.

Source: Frost & Sullivan
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Industrial imaging: The increasing demand for automation in industries such as manufacturing and logistics is pushing demand for high-performance
CMOS image sensors. These sensors enable defect detection, quality control, and robotics, contributing to the rise in demand for higher resolution and
faster processing speeds in factory automation.

Scientific imaging: The scientific imaging industry has growing demand due to advances in research and the increasing use of imaging in areas like
microscopy, spectroscopy, and environmental monitoring. Higher resolution, improved sensitivity, and faster readout speeds are essential for capturing
more detailed data, driving the growth of CMOS image sensors in this field.

Professional photography and video: The rise of content creation, including photography, cinematography, and broadcasting, continues to boost CMOS
image sensors demand. Professional-grade cameras require sensors with higher resolution, improved low-light performance, and enhanced dynamic
range. The increasing use of CMOS image sensors in high-end cameras and filmmaking equipment drives steady demand for more advanced and precise
sensors.

Medical imaging: CMOS image sensors adoption is driven by the demand for diagnostic techniques and portable imaging devices. Medical applications
such as endoscopy, ultrasound, and diagnostic cameras require high-resolution, low-noise sensors to ensure accurate results. The rising focus on patient
care and the growing need for real-ime, on-site diagnostics are pushing demand for CMOS image sensors in medical imaging technologies.

In China, the CMOS image sensors industry is benefited from additional support by strategic govemment policies and industry funds for accelerated
domestic substitution and strengthened self-reliance.

Area array sensors feature pixels aranged in a two-dimensional matrix, allowing them to capture a complete 2D image in a single exposure. In contrast,
linear amray sensors have pixels amranged in a single line and capture 2D images by scanning objects moving at a constant speed perpendicular to the
sensor’s orientation.

The Company has established long-term direct supply relationships with top-tier partners, induding Tower and DB HiTek (the world’s leading foundries), as
well as Kyocera (the world's largest advanced ceramics supplier), ensuring both the security and cost efficiency of key material supplies.

In recent years, OLED and micro-OLED represents a significant leap in display technology, particularly for VR and AR applications. Compared to traditional
LED displays, the OLED display is becoming the preferred choice for portable VR/AR devices, because of several advantages:

— ultra-fast response time, which is critical for reducing motion blur; and
— higher pixel density, which is crucial for near eye darity and immersive experience.

The typical pixel size for OLED ranges from around 150 pm. for monitors/TV displays, 50—-80 pm. for smartphones/tablets, to below 10 pym. for near-eye
displays. As the pixel size shrinks, the manufacturing process requires higher precision, better dust particle and contamination control. In order to achieve
reasonable yield and bring affordable displays to the market, ultra-high resolution inspection and metrology tools for the micro-OLED production lines are in
urgent demand.

Source: Frost & Sullivan
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Industrial imaging

Industrial imaging is widely used in various manufacturing and production lines to automate, control, inspect, and analyze different industrial processes,
such as dimensional measurement, component alignment, robotic guidance, object recognition and sorting, and defect inspection and detection. Industrial
imaging enhances precision, throughput, efficiency, and quality control in various industries, such as photovoltaic, new energy, semiconductor, automotive,
textile, printing, pharmaceutical, food and beverage industries. The typical applications of industrial imaging solutions include (i) factory automation; (ii)
logistic and positioning; (iii) motion capture; and (iv) industrial inspection and metrology.

Factory Automation: Vision-based systems are increasingly the go-to system for factory automation. From computer vision in robots to high-speed
automated optical inspection and scanning barcodes, there are a wide range of camera systems, each with their own spedific resolution and frame rate
requirements. Our industrial portfolio offers a wide range of sensors to meet our customers’ exacting requirements.

Logistic and Positioning: Imaging technologies play an important role in modem logistics and positioning systems, enabling automation, real time tracking,
and efficient handling of goods. Typical applications include automated guided vehicles, autonomous mobile robots, barcode/QR code scanning, conveyor
belt and parcel sorting, etc. Logistics and positioning applications typically employ two main vision system devices: fixed camera systems and handheld
devices. The fixed camera system is read at large working distance, so it requires high accuracy and high frame rate to achieve a large throughput, and it
is usually necessary to use a global shutter to eliminate shutter artefacts. Smaller and lighter handheld devices are used at shorter distances, so they can
use image sensors with lower resolution, rolling or global shutter, and are typically lower cost. Either area array or linear array sensors may be used. Our
industrial GMAX and GL portfolios offer a wide range of sensors to meet our customers’ exacting requirements.

Motion Capture: Motion Capture refers to the technology of recording and processing the movements of people or other objects. It is widely used in
entertainment, medicine, and robotics. Fast action shooting and the ability to synchronize multiple sensors are the key to this application. Our GMAX and
GSPRINT product lines combine the characteristics of global shutter, high frame rate, and high resolution to meet the needs of this application.

Industrial Inspection and Metrology: industrial inspection and metrology rely on high-performance image sensors as well as advanced optics, to ensure
micron level accuracy defect detection and quality assurance in advanced manufacturing, such as semiconductor and electronics, flat panel displays,
automotive, medical devices, and aerospace industry. We offer a wide selection of sensor size/optical formats in the industrial GMAX product line, as well
as a large number of linear sensors in the GL product line.

Source: Frost & Sullivan
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