Y/
=3

(A3 RESEARCH

Technical Report for Micro-LED Display

(June 2024 )

Chief Analyst
Dr. Choong Hoon Yi

Senior Analyst
Dr. Nam Deog Kim



1. Analysis of Micro-LED technology

1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9
1.10
1.11

1.12
1.13

Technical Report for Micro-LED Display

Advantages of Micro-LED Display

Basic core technologies of Micro-LED Display
Structure and Features of Micro-LED Chip

The manufacturing process of GaN-based Micro-LED Chip
Technical issues of the manufacturing process
Characteristics issues of Micro-LED

Micro-LED chip shrink and wafer size

Micro-LED chip shipping configuration

High-resolution technology of Micro-LED array
Mass-transfer and bonding technologies

Color implementation technology of Micro-LED display

Driving technology of Micro-LED display

Micro-LED display manufacturing process

© 2024. UBI Research. All rights reserved.

11
14
16
20
22
23
24
43

51
57



2. Development status for Micro-LED display applications

2.1
2.2
2.3
2.4
2.5
2.6

Micro-LED Display Application Trend

Development status for large-sized Micro-LED display

Development status for transparent Micro-LED display

Development status for AR application of Micro-LED display
Development status for automotive application of Micro-LED display

Development status for smartwatch application of Micro-LED display

3. Development status of Micro-LED display major companies

3.1
3.2
3.3
3.4

Technical Report for Micro-LED Display © 2024. UBI Research. All rights reserved.

Development status by Chinese companies
Development status by Taiwanese companies
Development status by US and European companies

Development status by Korean companies

61
65
67
69
72
74

76
86
95
103



4. Status of equipment and process technology companies

4.1 MOCVD manufacturers for Epi-wafer
4.2 Epi-wafer suppliers
4.3 Mass-transfer equipment and technology companies

4.4 Inspection and testing technology companies

5. Micro-LED Display Market Outlook

51 Market Outlook for Micro-LED Application Products
5.2 Market Outlook for Micro-LED Chip

Technical Report for Micro-LED Display © 2024. UBI Research. All rights reserved.

108
110
111
118

121
122



1. Analysis of Micro-LED technology

1.2 Basic core technologies of Micro-LED Display

=  Micro-LED display technology can be classified into seven basic core technology groups as shown in the figure below. There are epitaxial technology, chip process,
device structure required for LED chip production, Mass-transfer technology that transfers the manufactured chip to a display substrate, Inspection and Repair
technology, colorization technology, backplane, and driving technology. For technology development competitiveness for the final product, it is important to
develop linkage and cooperation among key technology suppliers related to each technology group.

- Wavelength uniformity
- Control on particles & defects
- Utilization

- PWMIC
- MicroIC Low efficiency of red led

Driver Wavelength shift vs. driving current
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1. Analysis of Micro-LED technology

1.4 The manufacturing process of GaN-based Micro-LED Chip

»  The basic manufacturing process sequence of the GaN-based Micro-LED Chip is shown in the figure below.

MOCVD GaN Isolation Mesa TCL Contact Bonding Pad
(Transparent

Conductive Layer)

&
oo M 4 > <
MQWs— = o o g =
-GaN . : .
n-ta Sapphire Sapphire Sapphire Sapphire Sapphire Sapphire

* Proceed with the Epitaxial * The plasma etching process is used * Atransparent conductive layer (TCL) * Bonding Pad Electrode Formation
process using MOCVD to etch the n-type GaN layer. is formed on the upper surface. « Passivation layer
* an n-type layer, mulit- « Mesa Etching * N Contact

quantum well(MQWs), and a p-
type layer are formed.
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1. Analysis of Micro-LED technology

1.5 Technical issues of the manufacturing process

=  Wavelength uniformity *  Chip architecture

= Defects

= Chip manufacturing process

=  External Quantum Efficiency
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2. Development status for Micro-LED display applications

2.1 Micro-LED Display Application Trend

» The glass substrate instead of the PCB substrate can be applied for high-quality products and the size of the LED chip gradually decreases to reduce costs and achieve high
PPI. In conjunction with such a technical direction, more display exhibits for automobile applications and large transparent display prototypes aimed at commercial
markets such as museums and aquariums have recently been introduced.

- Mini-LED on PCB Mini-LED on Glass Micro-LED on Glass Micro-LED on
Silicon

Application Field Giant Screen/ Commercial Display/ Large TV Automotive Smart Watch Smart Phone
Commercial Display Large TV
Potential Spliceable, Spliceable, Long lifetime, High brightness, Sensor integration, Small size,
Advantage High brightness, High brightness, High reliability, Low power Low power High resolution,
Long lifetime Long lifetime, Transparent, consumption consumption High brightness
High image quality Flexible,
Splicing
Typical Size Customization 162” 89” 12.3” 1.78” 6.5” <0.2”
Typical Resolution Customization 3840x2160 3840x2160 1920x720 368x448 2688x1242 > 2500x2500
Chip Size 60~300 um 6~60 um 1~8 um
Typical PPI 25 27 50 167 326 458 > 3000
Driving Micro-1C Micro-IC / TFT TFT CMOS

Architecture
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3. Development status of Micro-LED display major companies

3.1 Development status by Chinese companies

+« Major companies and research institutes in China
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15“] L ?_:9/5\ Chip, Transfer CHIPFOUNDATION
aanxi, Henan Jiangsu
Epi wafer, Chip NATIONSTAR b e ?Sh;‘n
. Hubei
Epi wafer SINO CRYSTAL Sichuan §Chongging FRRE 0 [ Zhciiang
Chip, Transfer & bonding, TCL/CSOT g Hunan Jiangxi |
Guangdong | Display module 3athy E,_,‘;.‘G“""‘°“ T —
Transfer & bonding, Displa SUSTech "R mnan B Gaanger Oumedong ¥ Q=
driving g. Display SN HgggoKo“ng 4/ Fujian Epi wafer, Chip, SanAn Optoelectronics
b ‘ ’ Transfer & bonding,
Transfer & bonding, Display HCP Technology Heinai / Epi wafer. Chi CHANGLIGHT
module - P » &Nip
Display Module HUAWEI Chip, Transfer & bonding, Fuzhou Univ.
Display module Sitan Tech.
Display module Tianma

Technical Report for Micro-LED Display © 2024. UBI Research. All rights reserved.



5. Micro-LED Display Market Outlook

5.1 Market Outlook for Micro-LED Application Products

* Among the application products using Micro-LED, currently on the market
are Micro-LED TVs and AR glasses using mono-color LEDs.

* Micro-LED TVs are sold by Samsung Electronics and recorded sales of ***
units in 2023. Mono-color AR glasses are the main products using green
LEDs, and several companies are releasing them.

* Micro-LED chips for FHD-class AR glasses are ultra-small with a size of
Ipm, making it difficult to produce products with the company's current
technology. The market is expected to open around 2030.

* Apple planned to produce a micro-LED smartwatch, but it is expected to be
available for sale after 2029 due to a delay in achieving the target cost and
process technology.

* The use of micro-LED is most certain for AR-HUDs for automobiles that
require high-brightness displays. AR-HUDs are being actively introduced by - .
all automakers as the next generation of HUDs. — wm N

* However, LCD and OLED are already in the market for dashboards, so it is

Micro-LED application market forecast

unit (K)

2023 2024 2025 2026 2027 2028 2029

o
expected that it will take time to enter the micro-LED market. Currently, the -?]:_1:;;0
problem with micro-LED displays is yield. Therefore, since it is 5 to 10 times v
more expensive than OLED, the market is expected to start after 2028, when ® Smart watch
a yield above ***% can be achieved. m Automotive

® AR-HUD
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5. Micro-LED Display Market Outlook

5.2 Market Outlook for Micro-LED Chip

* The graph shows the micro-LED application product market described in Chapter 5.1, the number of micro-LED chips required for display manufacturing, and

the micro-LED chip market calculated by reflecting the yield of each product manufacturing process.
* Micro-LED chips are the most commonly used in Micro-LED TV products, but the market is still only in the *** because they are expensive products

exceeding $100,000.

Micro-LED chip market forecast
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