
2023.12

研發到量產

OLED過去、現在、未來



大綱

• 過去 : OLED研發到量產

• 過去 : Flexible AMOLED研發到量產

• AMOLED現在

手機、平板、NB、Monitor、電視、AR/VR/MR、Automotive、Transparent

• AMOLED未來



陰極 (Al)

電子傳輸層 Electron Transport Layer (ETL)

發光層 Emission Layer (EML)

電洞傳輸層 Hole Transport Layer (HTL)

陽極(ITO)

Glass

+
-

Light

Organic Light Emitting Diode (OLED)



Good particles control ability needed!

12 inch Wafer
AMOLED Glass

Hair thickness 
50~100μm

OLED

Reflection Anode

Semi-Transparent Cathode

ETL
EML

HIL

HTL < 1 µm



Glass

Cavity glass

N2

Glass

Epoxy

Metal can

Desiccant

N2

• Metal can encapsulation with desiccant • Cavity glass encapsulation with desiccant

• Product: Car audio display
• Product: Sub-display of phone, MP3

Epoxy



OLED

主動矩陣Active Matrix 被動矩陣Passive Matrix

Bottom/Top Emission

TFT
PMOS Cst

Gate

SD

ILD

PDL
Anode

Cathode

Substrate
Anode

Cathode

Substrate

Cathode

Anode

Substrate

顯示器Display 照明Lighting

．需要TFT驅動

．需要畫素

．高畫質、小中大尺吋顯示面板

．不需要TFT驅動

．需要畫素

．小尺吋顯示面板

．不需要TFT驅動

．不一定需要畫素

．電極阻抗 vs.發光均勻性



LTPS SGS a-Si μc- Si ASPC SDC MO

主動層 多晶矽 多晶矽 非晶矽 微晶矽 多晶矽 多晶矽 金屬氧化物

結晶化設備 準分子雷射 退火爐 不需要 不需要 退火爐 退火爐 不需要

載子遷移率
(cm2/Vsec)

50~150 ~50 0.1~0.7 0.1~10 10~30 50~90 5~50

量產化狀況 已量產 - 未量產

(Vth Shift問題)

- - - -

大面積化 Gen 6~Gen8 可大面積化
(*1)(2008/S
DI 40吋TV)

LCD製程 ,目前
可到 Gen 
10(Sharp) 

大面積
化均勻
性不易
克服

Gen 6已
驗證,朝
Gen 
8(*2)

可大面
積化

Gen 8量產，
SMD預估可
能2015(*3)

主要廠商 SMD,LG,CMI,
AUO

SMD SMD,LG,AUO,
CMI....

ST LG CMI SMD,LG,SO
NY,AUO

註：(*1): IMID2009 SMD SGS的第6代底板用裝置現已開發完成，目前第5代底板的量產裝置的使用正在準備之中
(*2): LG:第8代玻璃底板。需要開發能夠進行700℃以上熱處理的SPC處理裝置”

(*3): IMID2009 SMD對於“第8代大型基板量產的問題”，演講人預測：可能會在2015年左右



DATA

S/W TFT

CST

OLED VDD

COLEDOLED

Driving TFT

SCAN

2T-1C

Non uniformity of Luminance

2T-1C + External Compensation

Source: KODAK Global Mura Compensation 
(GMC) Technology

4T-1C

6T-1C Source: IEEE Electron Device
Letters (2005)

4T-2C

5T-1C

Source: IEEE Journal of display 
technology (2005)

Source: N. Komiya, IDW ’Tech. Dig
(2003)

Source: IEEE Electron Device
Letters (2004)

5T-2C Source: S.M.Choi, SID Tech. Dig
(2004)

7T-2C
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OLED設備商 OLED量產機 說明

日本,蒸鍍與封裝設備提供

日本,蒸鍍與封裝設備提供

日本,蒸鍍與封裝設備提供

南韓,蒸鍍與封裝設備提供

南韓,蒸鍍與封裝設備提供

南韓,蒸鍍設備與蒸發源提供

南韓,蒸鍍與封裝設備提供

南韓,蒸鍍與封裝設備提供



點蒸發源 線蒸發源 面蒸發源

型態 Linear Source Parallel shot Linear Nozzle 
Source

Area Source

示意圖
(*1)

代表廠商 TOKKI ; 
ULVAC

ULVAC TOKKI YAS ULVAC 

基板尺吋 370x470m
m

550x650mm ; 
620x375mm ; 
600X720mm

>Gen 3.5 ~Gen8 >Gen 6

TACT 
time

Cluster :4
分鐘

Cluster : 4 分鐘

Linear : 2 分鐘

NA NA Linear : 2 分鐘

材料利用
率

1~5% Cluster : 10%~20%

Linear : 50%

NA 40%~50% (*1) >40%

註：(*1) 資料來源 : http://yasoled.koreasme.com/com_04.html

.Substrate +

Mask



SEWOO

NA

*衍用 CRT設備
R2R

*Etching *Laser 
*Etching

*FMM Only 

*FMM+Frame 

*FMM Only 

*FMM+Frame 

*FMM Only 

*FMM+Frame 

*Tension Equipment

公司

FMM圖示

FMM技術

產品與
技術服務

*Laser 
*Etching*衍用 CRT設備

R2R

*Etching

*FMM Only 

*FMM+Frame 
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CCD CCD

FMM

Magnet

蒸鍍腔體Up stage磁
鐵與FMM吸附造成

•巨觀 : 牛頓環

•微觀 : FMM Hole Open

與基板 Sub-pixel R/G/B

對準位置偏移

混色



N2/Vacuum

HIL
(Common)

HIL-2

HIL-3B
G

R

HTLETL

Flip

N2

Baking

FMM Cleaner/Inspection/Stock

Cathode
(Capping 

layer)

OLED 
Encapsulation

MS

(FMM)

HIL-2(FMM)
HIL-1 (Common)

HIL-3(FMM)

O2
plasma

CST

CST

TFT 
Backplane

FMM AGV

MSMS

(FMM)(FMM)
(FMM)

(FMM)

Cathode

HTL(Common)

ETL(Common)

R.G.B(FMM)

Cathode
(Capping layer)



Robot

Substrate

CCD CCD

FMM

Core Chamber

Magnet

✓CCD 
alignment 
accuracy 

✓CTE matching of parts 

✓ Vibration

✓FMM accuracy 

Color mixing issue

✓Product sub-pixel 
design  vs. Magnet

✓FMM design

200~300°C
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OLED設備商 OLED量產機 說明

日本, 封裝設備提供

日本, 封裝設備提供

ODF/VAS

南韓, 封裝設備提供

南韓, 封裝設備提供

南韓, 封裝設備提供

南韓, 封裝設備提供



R Glass

Metal

Epoxy膠

N2

1997 2006

BE AMOLED 

Tape Getter

R Glass

Cavity Glass

Epoxy膠 N2

BE AMOLED 

Tape Getter

Liquid Getter

R Glass

Glass

Epoxy膠 N2

BE AMOLED 

Resolution<200ppi TE AMOLED 

Without Getter

High resolution >200ppi

Thin Film Encapsulation ?

How to do ?



BARIXTM Encapsulation
WVTR~10-6 g/m2.day

Al2O3

Acryl ate

Source: Vitex



Vitex Encapsulation Tool

Source: Vitex



框膠 全面封止膠 玻璃膠 吸濕材

代表公司

圖示

製程 ‧ Dispensing

‧UV + Thermal 
Curing

Lamination (Film 
type)

ODF 

(Liquid type)

‧ Screen Printing ‧ 
Laser Curing

Lamination

(Film type)

AMOLED
應用型態

Bottom Emission Bottom Emission

Top Emission

Top Emission Bottom Emission

材料特性 ‧Epoxy Base

‧ Low WVTR

‧ Low Out Gas

‧ Low Shrinkage

‧Good Filling Property

‧Good Transparency

‧Glass  Like Barrier 
property

‧Very Low WVTR

‧Good Water 
Absorption 

Dispenser

Glue

ODF Head

Liquid Glue

Frit 

Laser



TFT Substrate

Wet Clean

Baking

Inspection

Face down

O2 plasma

HIL

HTL

EML-R

EML-G

EML-B

ETL

EIL

Cathode

Lamination

Baking

Cover Glass

Un-packing

Wet Clean

Baking

Dry Clean

Dispenser 
(Glue) 

Screen Printing 
(Frit) 

Getter

ODF
(Liquid) 

Vacuum Assembly

Dispenser 
(Glue) 

Post curing

Inspection

Cutting

Burn In

Light On Check

ModuleFMM

Mask clean

Inspection

OLED蒸鍍

OLED封裝

Laser Curing



備註：
SGS (Super Grain Silicon)

ASPC (Advanced Solid Phase Crystallization)

SDC (Sublimation Deposition Crystallization)

MO (Metal Oxide)

TFT 基板技術 小分子OLED技術

BE (Bottom Emission)                                     COA (Color On Array)
TE (Top Emission)                                            FMM (Fine Metal Mask)
SBS (Side By Side)
CF (Color Filter) 

LTPS

a-Si

ASPC

SGS

μc-Si

MO

SDC

材料

螢光

磷光

膠材

吸濕材

蓋板

設備

Cluster
•基板G3.5/G
4.5

Linear
•基板 ≧G6

蒸鍍製程

Point Source
•基板G2

Linear Source
•基板≧1/2G3.5

Area Source
•基板 ≧G6

FMM
•Sub-Pixel SBS
•High resolution

封裝製程

Encapsulation
(1)Epoxy+UV Curing

(2)Frit+Laser Curing

Passivation
(1)Single layer
(2)Multi-layer

Structure
(1)N2 encapsulation
(2)All solid structure

結構

BE

TE
White +CF
•大尺寸(TV)量產技術
•含White + COA

SBS
•小尺寸量產主流技術

T



1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

2.2吋數位相機
KODAK

2.6吋N86
NOKIA2吋Prism

NOKIA

2吋手機
BenQ –Siemens
(AUO面板)

7.6吋Kodak 數位相框
(CMEL面板)

A
M

O
L

E
D

商
品
化

3.8吋 PDA
Clie-PEG VZ90
SONY

Sony 11" XEL-1 LG 15” OLED TV 

5.5吋 Poly-Si
SANYO-KODAK 13吋Poly-Si

SONY 20吋a-Si
IDTech

17吋Poly-Si LITI
SANSUNG SDI

20.1吋Poly-Si
LG-Philips

4吋a-Si 
AUO

21吋 a-Si
SANSUNG Electron

25吋Poly-Si
CMEL

A
M

O
L

E
D

雛
型
品

40吋SGS
SAMSUNG

14吋Poly-Si/2.4吋MO
AUO

3.2吋Poly-Si
TMD

19吋MO
SMD

2010

1/4Gen3.5
275x335mm(CPT)
305x310mm(AUO)

Gen1
300x400mm

1/2Gen3.5
620x375mm(CMEL,TPO)

AMOLED生產設備

Gen2 370x470mm(SDI,LG)

Gen 3.5
600x720mm(SONY)

1/2Gen4.5
730x460mm(SMD)

1/2Gen4.5 730x460mm(LG)

1/4Gen5.5
650x750mm(S
MD)

Gen3.5
(AUO)

SAMSUNG手機商品



• Display : 2.2 inch AMOLED
• Production company: SANYO KODAK(SK)

2003

N2

R

Glass

Cavity glass

Epoxy resin

Cavity glass with liquid getter

Bottom emission type



✓ Encapsulation: Film type adhesive

R
Glass

Glass

Adhesive 

SONY 3.8” PDA

Frit

✓ Encapsulation: Frit by laser

2004 2009

SAMSUNG 3.5” smart phone 
(Haptic)

2010

SAMSUNG 4” smart phone 
(Galaxy S )

R

Glass

Glass

Laser



R
Glass

Glass

玻璃膠
N2

玻璃膠：Frit 

Screen Printing

Cover plate

Frit

Lamination

TFT+OLED

Frit on Cover

Laser curing

R
Glass

Glass

玻璃膠
N2

Thin Metal



資料來源 :SAMSUNG SID10’

AMOLED !



SAMSUNG ELECTRONIC

CRT PDP OLEDTFT-LCD •

中
小
尺
寸(

量
產
性
未
知)

•

大
尺
寸(

可
有
可
無)

OLED

2006年

•

主
流
技
術

•

資
源
集
中
點

•
將
淘
汰
技
術

•

大
尺
寸(

與TF
T

-LC
D

競
爭)



2006年 2007年 2008年 2009年

Samsung S8300 2.8" Touch

解析度 240x400 WQVGA 

F
M

M

關
鍵
技
術
自
主
研
發

A
M

O
L

E
D

開
始
量
產

良
率
提
升

低
解
析
度

A
M

O
L

E
D

產
品
推
出

G
4

.5
 H

a
lf O

L
E

D

量
產
線



成均館大學

教授(大部分來自業界)

(實驗室=Pilot line)

慶熙大學

組織改組

高階重要人才

先進技術

人才挹注

訓練有素人才

防止人才外流



LCD人力轉向OLED OLED TV資本支出向OLED集中

併入

LCD部門

獨立

Flexible AMOLED
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OLED發光/PDL材料

HTL: Duksan Hi-Metal

ETL: LG ChemicalEML: 
Red : UDC
Green : Doosan 
Blue : SFC PDL/HTL/ETL :

專利授權

Gracel/Korea

DNP / Toppan

FMM: 

FMM 
Tension EQ.: 

初期生產供應

OLEDFMM

TOKKI / ULVAC

OLED核心蒸發源: 

OLED封裝設備

初期生產供應

OLED蒸鍍設備

OLED蒸鍍設備: OLED封裝設備:

HINS A
M

O
L

E
D

 C
o

st D
o

w
n

掌握關鍵技術



資料來源：http://www.cii.samsung.co.kr

Flexible AMOLED

FPD materials



http://www.snuprecision.com/english/http://www.sfa.co.krhttp://www.apsystems.co.kr



2009
Q1 Q2 Q3 Q4

2吋

3吋

4吋

Nikon
3.5" Touch

Sony 
Xperia X2
3.2" Touch

SONY Walkman
3" Touch

Nokia N86
2.6"

Cowon S9 Curve
TV-Out

3.3" Touch

Samsung 
3"數位相機

Samsung 
S5050
2.2"

Samsung M7600 
2.8" Touch

Samsung S8300
2.8" Touch

Samsung A877 
3.2" Touch

Samsung i8910 Omina HD
3.7" Touch

Samsung 
i7500
3.2"

Samsung M8910 
3.1" Touch

Samsung
lucido
2.2"

Samsung Louvre 
B7610
3.5" Touch

Samsung
U960 Rogue
Touch

Samsung Jet
3.1" Touch

Samsung Omnia II 
3.7" Touch

Samsung
Haptic 
3.5" Touch

Samsung
Vodafone 360 H1
3.5" Touch

Samsung Armani 
SPH-W8200 
3.1" Touch

Samsung
SCH-W880 
3.3" Touch Samsung

Behold II 
3.2" Touch

Samsung 
Moment
3.2" Touch

Samsung SPH-M8400 
3.7" Touch

Casio CA003 
3.3"

Casio CA004 
3.1"

http://www.oled-info.com/nikon-s70-photo
http://www.oled-info.com/sony-x-series-oled-walkman-photo
http://www.oled-info.com/samsung-s5050-photo
http://www.oled-info.com/samsung-m7600-photo
http://www.oled-info.com/samsung-a877-phone-photo
http://www.oled-info.com/samsung-acme-i890-phone-photo
http://www.oled-info.com/samsung-i7500-photo
http://www.oled-info.com/samsung-pixon-12-photo
http://www.oled-info.com/samsung-haptic-photo


2010Q1 Q2 Q3 Q4
3吋

4吋

Samsung NX100

3“ AMOLED

Samsung Craft

3.3“ AMOLED

Samsung Projector phone

W9600 3.3 touch AMOLED

Samsung S8500 

3.3" Super AMOLED

Samsung DSLR NX10

3“ AMOLED Samsung HZ35W

3“ AMOLED

Samsung TL500

3“ AMOLED

Samsung Projector 

phone

Galaxy Beam 3.7” 

Super AMOLED

Samsung Galaxy S 

4”WVGA Super AMOLED

Samsung CL80

Digital Camera

3.7”Touch AMOLED

Samsung

WB2000

Digital Camera

3”AMOLED

韓國國內(7/4 News)

10天銷售 20萬支
全球超過500萬支(2010.10)

Samsung Sprint 

Epic 4G4”WVGA 

Super AMOLED

Samsung

Omnia 7

4”Super

AMOLED

Samsung Galaxy K

3.7”AMOLED-plus

San Francisco

3.5” Touch

AMOLED

Motorola Ming

A1680 3.1”

Touch AMOLED

Nikon S80

3.5”Touch

AMOLED

Google Nexus One 

3.7" Touch
HTC Incredible/Desire

3.7”AMOLED

Microsoft

Window 7

4”Super

AMOLED

DELL Venue Pro

4.1” Super AMOLED

NOKIA N8

3.5” Touch

AMOLED

NOKIA E7

4” Touch

AMOLED

NOKIA C6

3.2” Touch

AMOLED

NOKIA C7

3.5” Touch

AMOLED



2011
Q1 Q2 Q3 Q4

3吋

4吋

SONY TX100V

Digital Camera

3.5”  AMOLED

Olympus XZ1

Digital Camera

3.0”  AMOLED

Google Nexus S

4”Super  AMOLED

Olympus E-P3

Digital Camera

3.0”  AMOLED

LG Optimus-Sol 

3.8”AMOLED

NOKIA X7

Clear Black

4”AMOLED

NOKIA N9

3.9”AMOLED

NOKIA 700

3.2”AMOLED

Nikon S100

3.5”AMOLED

NTT Docomo

4” AMOLED

NOKIA Lunina800

Clear Black

3.7”AMOLED

Galaxy Nexus 

4.65”Super  AMOLED HD
Motorola 

Droid ZARA

4.3” Super 

AMOLED

Advanced

Samsung

Focus S

WP7.5

4.3”Super  

AMOLED-Plus

Samsung

Galaxy S2

4.3”Super  

AMOLED-Plus

10 million in 5 

months



Feature/basic Phone

Entry Smart Phone
(AMOLED差異化)

High-end Smart Phone

GALAXY S OMINA 7GALAXY Beam

• SAMSUNG從機海戰術策略，

走向明星產品
GALAXY S2 / S3



382012
Q1 Q2 Q3

3吋

4吋

Panasonic 
ELIGA
4.3"AMOLED

5吋

Samsung

Galaxy S2

4.3”Super  

AMOLED-Plus

20 million (25% 

of South Koreans 

own this phone)

AT&T Pantech

4“ Super AMOLED

SONY TX-66

3.3”AMOLED

NOKIA 808

Clear Black

4”AMOLED

ASUS 

Padphone

4.3”Super  

AMOLED

HTC One S

4.3”Super  

AMOLED

AT&T 3.7“ 

Super AMOLED

HUAWEI 

Ascend P1 S

4.3”Super  

AMOLED

Samsung

NX -20/200

3”AMOLED

Olympus Tough 

TG-1 iHS

3”AMOLED

Samsung

Galaxy S3

4.8”Super  

AMOLED-Plus 

HD

Q4

印度Micromax 
Pixel A90
4.3"AMOLED

Samsung

Window8 

phone

4.8”Super  

AMOLED-Plus 

HD

AT&T 
Pantech 
4.3“qHD 
Super
AMOLED

Google’s Motorola 
4.7“HD Super 
AMOLED

Google’s Motorola
RAZR i 
4.3“qHD
Super 

AMOLED

20 million in 100 

days

Samsung

MV900F

3.3”AMOLED

Samsung

EX2F

3”AMOLED

NOKIA
Lumia820 
4.3“qHD
clearblack

AMOLED

Panasonic 
LUMIX GH3
3"AMOLED
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Glass

Glass

Touch Sensor

AMOLED

4 Glass 4 Glass 3 Glass

2 Glass



Source：IDC/ iSuppli 2012

市占率 (%)

Samsung

Apple

Nokia

HTC



2013
Q1 Q2 Q3

3吋

4吋

5吋

Q4

Nikon S9500
3”AMOLED

Nikon AW110
3”AMOLED

NTT's MEDIAS X phone 
(made by NEC Casio) 
4.7”AMOLED

OLYMPUS TG-2 iHS
3”AMOLED

SONY TX-30
3.3”AMOLED

Samsung
Galaxy S4 mini

4.3”AMOLED

NOKIA
Lumia820 
4.5" 1,280x768 

ClearBlack 

AMOLED

Blackberry  3.2" 
720x720 (330 
ppi) Super 
AMOLED

Samsung
Galaxy S4

5”1080P AMOLED

NOKIA
Lumia1020 
4.5" 1,280x768 

ClearBlack 

AMOLED

Moto X
4.7" 720p 

AMOLED, 

316 ppi, 

20 million in 

68 days
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2009

10吋

20吋

20102008 2011

Sony 11" XEL-1
LG 15” OLED TV 

SONY 24.5”

OLED TV Monitor

SONY 16.5”

OLED TV Monitor

2012

Gen 5.5 Start to MP

40吋

Prototype

LG 55”OLED TV

SAMSUNG 55”OLED TV

Sold 15,000 Unit
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公司 AMOLED結構 說明 產品

R

Glass

玻璃膠 N2

Glass

*衍用小尺寸玻璃膠雷
射封裝結構

R

Metal框膠
全面封止膠

Glass

*開發Dam and Fill封
裝全固態結構

55吋OLED TV

SubstrateTFT

WOLED
ITO

Encapsulation

*WOLED+COA結構

55吋OLED TV

R Glass

Glass

N2

17/25吋OLED Monitor

*Top Emission 
R/G/B+CF 結構



Glass AMOLED

IPS LCD Flexible AMOLED

OLED TVIPS LCD

中、小尺寸

大尺寸
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HTL/ETL :
專利授權

OLED發光/PDL材料

Gracel/Korea

TOKKI / ULVAC

OLED核心蒸發源: 

初期生產供應

OLED蒸鍍設備:

OLED蒸鍍設備 OLED封裝設備

OLED封裝設備:

DNP / Toppan

初期生產供應

OLEDFMM

FMM: 

FMM Tension EQ.: 



MOD

MOD

TFT-LCD AMOLED

L/C

OLED

TFT/CF

TFT FAB

資料來源：SAMSUNG

*If Gen8.5 OLED FAB Yield is no problem

OLED TV未來BOM Cost是有機會比LCD還低! 
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資料來源：天馬，2012/4；DIGITIMES整理，2012/5 
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G8.5

201220112010

G5.5

TFT-LCD

2013 2014~

TFT-LCD

G4.5 AMOLED

天亿显示科技
G6

TFT-LCD AMOLED

LTPS/IGZO

TFT-LCD

AMOLED

TFT-LCD

AMOLED
AMOLED

跳
過G

la
ss

直
接
做Fle

xib
le



大綱

• 過去 : OLED研發到量產

• 過去 : Flexible AMOLED研發到量產

• AMOLED現在

• AMOLED未來



512000                        ~                        2005 ~                        2010

F
le

xib
le

 LC
D

E
-p

a
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e
r

Polymer Vision

Plastics Logic

F
le

xib
le

 O
L

E
D

FDC

No Flexible LCD after 2007

Flexible E-paper R&D activity growing

Flexible OLED R&D activity FAST growing

H
ig

h
 Im

a
g

e
 Q

u
a

lity
 D
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la

y
!

../../../../../../Documents%20and%20Settings/sony1/Local%20Settings/790224/Local%20Settings/Users/970116/Desktop/3_7in%20AMLCD.MPG
http://www.oled-info.com/samsung-flexible-65-amoled-photo
http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo
http://www.oled-info.com/itri-41-fleixble-amoled-prototype-image


公司 LG (2007) Sony
(2007)

LG Display
(2008)

NHK (2008) ITRI
(2008)

面板雛型 •3.5” 
•QCIF+
•Color

•2.5”
•QQVGA
•Color

•4” 
•QVGA
•Color

•5.8” 
•QQVGA
•Color

•4.1” 
•QVGA
•Mono.

TFT •Metal Oxide
•2T1C

•OTFT
•2T1C

•a-Si
•2T1C

•OTFT
•2T1C

•a-Si
•2T1C

基板 •Metal Foil •PES or PEN •Metal foil •PEN •Clear PI

OLED 
type

Top Emission Top Emission •Top 
Emission

•Bottom 
Emission

•Bottom 
Emission

Demo.

http://www.oled-info.com/itri-41-fleixble-amoled-prototype-image


公司 UDC&LG 
(2009)

SMD
(2009)

FDC & UDC 
(2009)

Sony
(2009)

SMD
(2009)

SMD
(2009)

面板雛型 •4” 
•QVGA
•Color

•6.5”
•Color

•4.1”
•QVGA
•Mono. 

•2.5”
•QQVGA
•Color

•6.5” 
•WQVGA
•Color

•2.8” 
•166ppi
•Color

TFT •a-Si •NA •a-Si •OTFT
•2T1C

•Metal Oxide
•3T1C

•NA

基板 •Metal Foil •NA •PEN •NA •Plastic •Plastic

OLED 
type

Top 
Emission

•NA •NA Top 
Emission

•Top 
Emission

•Top Emission

Demo.

http://www.oled-info.com/udc-flexible-oled-display-concept-photo-ces-2009
http://www.oled-info.com/samsung-flexible-65-amoled-photo
http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo


• Organic layer for planarization of metal foil surface
• SiNx to prevent chemical damage of organic layer 

Source: USDC2008／LGD，2008／02 



Backlight (0.82)

Polarizer (0.15)

TFT Glass (0.2)

CF Glass (0.2)

Air Gap (0.3)

Touch Glass (0.2)

OCA (0.15)

Window (0.7)

1. 35

1.495

Protective/Tape (0.053)

LTPS Glass (0.31)

Encap. Glass (0.3)

OCA (0.22)

Window (0.7)0.92

0.976

Cushion Tape(0.15)

Polarizer (0.163)

PI Substrate (0.1)

TFE

Window (0.7)0.7

0.28

Polarizer (0.18)

1.896mm

2.845mm

Polarizer (0.125)

0.98mm

LCD

AMOLED

Plastic AMOLED

30%

70%



資料來源：SAMSUNG

Backlight (0.82)

Polarizer (0.15)

TFT Glass (0.2)

CF Glass (0.2)

Air Gap (0.3)

Touch Glass (0.2)

OCA (0.15)

Window (0.7)

1. 05

1.495

2.845mm

Polarizer (0.125)

Protective/Tape (0.013)

LTPS Glass (0.31)

Encap. Glass (0.3)

OCA (0.2)

Window (0.7)0.9

1.026

Protective(0.24)

Polarizer (0.163)

2.026mm

Slim OCTA

PI Substrate (0.1)

TFE

Window (0.7)0.7

0.28

Polarizer (0.18)

0.98mm

Plastic AMOLED

Super AMOLED=OCTA (On Cell TSP AMOLED)

Protective/Tape (0.013)

LTPS Glass (0.31)

Encap. Glass (0.5)

OCA (0.3)

Window (0.7)1.0

1.316

Protective(0.33)

Polarizer (0.163)

2.316mm

OCTA



資料來源： http://www.oled-info.com/new-video-samsung-flexible-oled-prototype

SID 10 DIGEST 706~709

Oct.2009_Video

Substrate Vth Mobility 
(cm2/V-s)

SS Ioff_max 

(pA/μm)

Glass -0.28 110.0 0.36 0.25

Plastic -2.03 124.1 0.30 0.20

Items Specification

Diagonal size 2.8 inch

Pixel arrangement 240 x RGB x 400 
(166 ppi)

Pixel element 6T-2C, 3:1demux

Brightness 250 cd/m2

Bending radius < 10 mm

Structure Top emission

Flexible substrate PI

Thickness 0.24mm

Weight 0.29 g

http://www.oled-info.com/new-video-samsung-flexible-oled-prototype


資料來源：SID 2011 Jin Jang

Plastic layer

70℃
2200℃



公司

面板雛
型

•5" 
•320x240(QVGA
) 
•Color

•3.8" 
•320x240 (QVGA) 
•Color

•4.1”
•432 x 240 x RGB
•Color

•4.5”
•800X480
•Color

•6”
•320X240
•Color

TFT •OTFT •a-Si TFT •OTFT
•載流子遷移率為
0.4cm2/Vs

•LTPS •a-Si TFT

基板 •PEN •Duponts Teijin 
Teonex film

•20μm flexible 
substrate

•Polyimide •Polyimide

OLED 
type

Bottom 
Emission

Top Emission Top Emission Top Emission Bottom 
Emission

Demo.

說明 •Curve fixed •NA •Rolling 4mm 10萬
次[TFT特性及顯示性
能（伽馬特性及亮度
等）沒有變化 ]

•Radius=10mm (FPD-
International) 
•Video on Web

•Radius=50mm 
15,000次



資料來源：SID 10 DIGEST 710~713

<5%

3mm 3mm

25μm

20μm

TFT special design for Roll able ?



公司

面板雛
型

•4.5“
•WVGA 800X480

•Color

•4”
•320 x 240
•Color

•3”
•160XRGBX12
0
•Color

•6”
•320x240
•Color

TFT •LTPS •IGZO-TFT •IGZO-TFT •a-Si-TFT

基板 •Polyimide •Polyimide •Polyimide •Polyimide

OLED 
type

Top Emission Bottom 
Emission

Top Emission Bottom Emission

Demo.

說明 •CES2011 Demo •R=10mm •NA •整合觸控功能
•Demo in Water



4.5吋Flexible AMOLED
解析度：WVGA 800x480

Nov.2010_VideoNov.2010_FPD日本

4.5吋Flexible AMOLED

Jan.2011_CES

4.5吋Flexible AMOLED
解析度：WVGA 800x480
亮度: 300cd/m2

厚度：0.27mm
Bending Radius <10mm 

2011.MayJoint Venture (50:50)

Mass Production Flexible AMOLED



Active Metal

Pin HoleBarrier

Polymer

Time of H2O and O2 penetration
“Must “> Lifetime

H2O ; O2

OTR
(cm3/m2.day.bar)

WVTR
(g/m2.day)

10-6 10-6

10-2 10-2

10-1 10-1

100 100

10-3 10-3

Flexible OLEDs

10-8 10-8

Devices Lifetime~10years

10-4 10-4

10-5 10-5

E-Paper

Flexible LCDs

RFID Tags

Thin film solar cells

Flexible Devices
Lifetime is Very Important !

Food Package



三星OLED柔性顯示屏設備因質量問題延期

2013-04-18 10:35 [編輯：jasminezhuang]
因顯示屏質量出現問題，三星的首款柔性顯示屏設備已經被延期。

南韓報紙ETnews日前報道稱，三星預計會在今年年末推出首款配
備柔性顯示屏的設備。由於OLED面板不耐氧氣和濕氣，所以封裝
步驟對於柔性顯示屏的商業化生產就顯得至關重要。據稱，三星顯
示器公司（Samsung Display）正在評估多種封裝技術，以取代由
Vitex System所開發的封裝技術。這對於三星來說無疑是個壞消息
。

✓2010買下Vitex專利與技術

Source: Vitex



Organic Process
-Polymer by Ink jet printing
-Polymer by screen printing
-Polymer by CVD shower

Inorganic Process
-Sputter Al2O3

-PECVD SiNx

Particles Control
-PECVD self clean
-Maintenance

Particles 

Source: Vitex



66

OLED薄膜封裝TFE

Source: SAMSUNG 2012 FINETECH JAPAN



Dark spot

PDL

Particle

TFE

PECVD cluster PECVD clusterIJP cluster

TFT

✓High equipment investment for OLED TFE facility.
✓Long learning curve for OLED TFE manufacturing. 

Source: ITRI



SiNx Shadow 
mask

Substrate

TFT
OLED

PECVD

Panel

Mask 
open

Shadow mask

Mother glassBonding 
area

Shadow 
mask

• SiNx for gas barrier

• Slot type open mask

• Material selection of 
shadow mask



OLED TFE Organic Layer Process

Ink jetSpray

Mask

Screen Printing

Mask

CVD

Mask

Shower head

w/ Mask w/ Mask w/ Maskw/o Mask

✓Particles concern by using mask patterned process



5 layers inorganic/organic stack 

3 layers inorganic/organic stack 

ProductR&D

Multi-layer stack 

Source: Vitex

Plastic backplane

Plastic backplane
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1X10-3

1X10-4

1X10-5

1X10-6

5 20

軟性基板(PI)封裝

TFT (Buffer/(ILD=3KÅ SiOx ,SiNx) 

Source: SAMSUNG 2012 FINETECH JAPAN



2011201020092008

Polyimide Polyimide Polyimide

Stainless steel Stainless steel

Polyimide

Polyimide

PES

2012

Mass production
confirm

Mass production
confirm

Mass production
confirm

Polyimide

Polyimide

Polyimide

http://www.oled-info.com/udc-flexible-oled-display-concept-photo-ces-2009
http://www.oled-info.com/samsung-flexible-65-amoled-photo
http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo


Glass

N2

Circular Polarizer

Glass

OLED

Flexible Substrate

TFT

Adhesive
TFT

Glass AMOLED Flexible AMOLED

Support Film

Circular Polarizer



R

TFT Glass

Encap Glass
Frit 

Rigid Flexible

Source: SID’14  LGD Invited paper 25.4 Development of Commercial Flexible AMOLEDs 

Touch

Polarizer

Touch

Sealing

TFT

Substrate

On Cell

LTPS

Glass

Film

Face seal

LTPS

Plastic
TE AMOLED

R

Plastic

Polarizer

Touch

Face seal

✓Face sealing technology was proposed by LGD for flexible 
AMOLED encapsulation



TFT Array
OLED 

Evaporation

Glass Frit by 
Laser Sealing

Glass Thinning

De-Bonding 
from Glass

Flexible 
Substrate 
on Glass

Thin Film Encapsulation

Flexible Encapsulation

Glass

Glass AMOLED

Flexible AMOLED

Film 
Protection

Cutting

Cutting

✓ Core technologies : TFT, OLED are the same process



Gen2

Glass Base AMOLED Mass Production 

Flexib
le A

M
O

LED
 M

ass P
ro

d
u

ctio
n

Gen3.5

Gen4.5

⚫ Flexible AMOLED will follow the glass base AMOLED production

Gen5.5 (6)

Gen8
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Samsung Galaxy Round LG G Flex



OLED TFE

GB on front plate

✓The flexible encapsulation includes OLED TFE, GB of TFT 
backplane, and on the front plate. 

Note:  GB (Gas Barrier) ; TFE (Thin Film Encapsulation)

GB of TFT backplane

Source: SID’14  LGD Invited paper 25.4 Development of Commercial Flexible AMOLEDs 



2008

Stainless steel

2011

Polyimide

Mass production
with PI 

2010

Polyimide

20122009

Polyimide

2013

Flexible substrate

Polyimide

Flexible substrate

Flexible substrate

Polyimide Polyimide

Polyimide

Mass production
with PI 

Polyimide

Technology transfer to AUO

Polyimide

Polyimide

2014

Polyimide

Polyimide

http://www.oled-info.com/itri-41-fleixble-amoled-prototype-image
http://www.oled-info.com/udc-flexible-oled-display-concept-photo-ces-2009


2009

2.8”

6.5”

4.5”

2010 2011

4.5”

2012 2013

4.5”

2014

6”

2015 2016

Prototype

2017

Product

5.7” 
Galaxy Round

5.1”
Galaxy S6 Edge

5.5” 
Galaxy S7 Edge

5.8” I  6.2”
Galaxy S8 I S8+

5.7” 
Galaxy Note7

5.6” 
Galaxy Note4 Edge

2018

5.8” I  6.2”
Galaxy S9

6.3”
Galaxy Note 9

SDC becomes Apple iPhone FIRST 
supplier

http://www.oled-info.com/samsung-flexible-65-amoled-photo


Curve design Edge design Full Screen design

2014 2017



SAMSUNG NOTE 7

Touch sensor

PI

TFE

• Flat TFE surface for touch process

• Tx, Rx with metal mesh structure

• Metal mesh using TFT line facility

三星顯示器湯井A3廠8條產線中，採用Y-OCTA製程的OLED生產成本可望較傳統方
式節約約30%。

資料來源: DIGITIMES, 2017.08.01



r

Touch sensor

PI

TFE
Neutral Plane



TFE

Touch sensor

PI

Adhesive

Adhesive

CPL

TFE

PI

Adhesive

Touch sensor

Note: OCTA (On-Cell TSP AMOLED)

On Cell Touch

In Cell Touch

Touch on TFE
(Y-OCTA)

Touch sensor

PI

TFE

CPL

CPL

Cell

Out Cell Touch



TE AMOLEDR PI

Support film

Adhesive

Cover Window

Touch on TFE

Adhesive

Polarizer

OLED
TFT

✓ 面板廠In house TOT生產的OLED成本，
較外購TSP方式節省25~30% (參考s公司資料)

Neutral Plane
✓ 最接近Neutral plane觸控結構，為

Foldable Touch AMOLED最佳解法

✓ 預期未來發展Slidable, Rollable, 
Stretchable AMOLED將採此觸控解決方
案



r

Source: 2018.11.08 SAMSUNG

厚度6.9公釐 厚度17公釐



資料來源: DIGITIMES 2019-02-21

✓ 手機開闔次數可達近20萬次的使用性，以單日開闔100次計算，
將可使用近5年時間。

✓ Galaxy Fold將推出分別支援4GLTE與5G版本，最低售價由1980美
元起跳，預計 4月26日起啟動相關銷售活動。



✓ Y-OCTA結構更柔軟

Source: OMIDA 2020.6

Touch Sensor

TFE



Company SAMSUNG 
Display

LG Display BOE Tianma Visionox China Star

Structure

OLED Touch 
Technology

Y-OCTA
(YOUM On  Cell 
Touch AMOLED)

TOE
(Touch On 

Encapsulation)

FMLOC 
(Flexible

Multiple Layer 
On-Cell)

TPOT 
(Touch

Panel On TFE)

TOT
(Touch On TFE)

DOT
(Direct

On-Cell Touch)

Status MP MP MP Small MP Small MP Small MP

Customer SAMSUNG, 
Apple…

Apple… Apple, 
Huawei…

Xiaomi,… Huawei, 
Xiaomi…

Xiaomi,…

Products Galaxy serious, 
iPhone 12~

iPhone 12~ Mate X… NA NA Xiaomi 
10/10+…

Source: OMIDA 2020.6.29, G Summarized



Source: OMIDA 2020.6



2007

4”

2008 2009 2013

4”

6”

4”

2014 2015

18" Flexible AMOLED

Flexible Substrate: Stainless steel

6”

2016

Flexible Substrate: PI

Prototype

2017

12.3"Automotive Display

2018

65" Rollable OLED TV

6” LG G Flex

5.5” LG G Flex2

Product

LG V30 

Full Screen Design

LGD becomes Apple iPhone 2nd

supplier

77" Transparent flexible 
OLED

LG V40 6.4" 
(537 PPI) notch-type P-OLED  



LG V30 (2017)

LG G Flex2 (2015)

Full Screen Design

Curve Design
LG V40 (2018)



2007 2008 2009 2010 2013

3”

6”

20122011

2.5”

5.8”

2.5”

5”

4.1”
3”

3.4”

9”

11.7”

9.9”

3.4”

11”

8”

2014

3.4”

5.9” 5.2”

2015

5.2”

6.2”
8.67”

Prototype

2016 2017

5.5”

8.67”
Product

2018

http://www.oled-info.com/sony-flexible-oled-prototype-ces-2009-photo


G4.5 Flexible AMOLED production line
(15k/M)

2018.10

Specification 6.2”

Resolution WQHD

Backplane LTPS

Contrast ratio 1,000,000 : 1

Weight 146 g

Product

2018/8 集合各部門
共400名人員 成立
OLED面板部門



JDI 沒有OLED手機事業就沒未來合資對象來者不拒
日本顯示器(JDI)因經營始終未有起色，決定組織改造。會長兼CEO東入來信博甚至表示，這是最後的
機會，沒有OLED則手機事業就沒有未來，將轉向此方向發展，並於2019年量產…..
資料來源: DIGITIMES 2017/08/10

5.5” Flexible OLED Display 5.5” Curved LCD Display

Source: SID’17 JDI Source: SID’17 JDI

(Apple)的iPhone XR減產，連帶讓日本中小型面板大廠日本顯示器(JDI)減產，從12月開始，
日本顯示器的產能利用率將降低，庫存則將增加，對該公司的業績帶來負面影響，也讓該
公司2018會計年度(2018/4~2019/3)轉虧為盈目標出現新變數。
資料來源: DIGITIMES 2019/01/09



Prototype

Product

2008 2009 2010 201320122011

4.1”

4.1”

4.1” Bendable 
AMOLED

4.3” Curved 
AMOLED

2014

5” Wearable 
AMOLED

6” In-fold 
Touch 

AMOLED

6” Bendable 
AMOLED

6” Curved 
Touch

AMOLED

6” Flexible 
AMOLED 

Demo in an 
Aquarium

2015

5” Bendable 
AMOLED

7” In-fold 
Touch 

AMOLED

2016

5” In-fold 
Touch 

AMOLED

7” Foldable
Phone

2017 2018

7” Rollable
Touch 

AMOLED

7” In-fold Touch
AMOLED

Rollable
AMOLED

7” Out-fold
(r=3mm) 

Hardness: 7H

Ball drop 
Out-fold

Ball drop 
In-fold

7” Z-fold 
Touch 

AMOLED

Out-fold 
AMOLED

http://www.oled-info.com/itri-41-fleixble-amoled-prototype-image




6”

2014 2015 2016 2017

Prototype

9.55” Bendable 
AMOLED

9.55” Transparent 
Flexible AMOLED

4.8" Bendable 
AMOLED 

4.35” Bended 
AMOLED

5.5” S-Shaped 
OLED

4.35” Wristband 
OLED

7.56” Foldable AMOLED

5.6" Bendable 
AMOLED 

5.5” Curved 
AMOLED

1.2” Round 
AMOLED

5.5” Flexible 
AMOLED

Foldable 
AMOLED

2018

5.5” Foldable 
AMOLED 5.5” Rollable AMOLED

3.2” Flexible 
AMOLED

7.2”Foldable 
AMOLED

Rollable AMOLED

Foldable 
AMOLED

Product



2018



大綱

• 過去 : OLED研發到量產

• 過去 : Flexible AMOLED研發到量產

• AMOLED現在

手機、平板、NB、Monitor、電視、AR/VR/MR、Automotive、Transparent

• AMOLED未來



• 2020年蘋果(Apple)推出iPhone 12全系列新機開始採用OLED面板
的帶動下，其他手機品牌紛紛開始擴大在高階的機種導入OLED面板



• 三星比重仍達6成以上

0%

50%

100%

0

1,000

2,000

3,000

2021 2022(e) 2023(f)

其他 138 457 945

三星 782 1,373 1,835

全球YoY 19% 99% 52%

三星佔比 85% 75% 66%

全球折疊螢幕手機出貨變化與展望

資料來源：DIGITIMES Research，2022/12



• Stone Partners表示，三星顯示器雖然維持市佔率第一，卻已連續4個季度市佔率
不到50%，主因是蘋果持續追加採購樂金顯示器（LG Display；LGD）與京東方
面板，中國手機業者也增加本土面板業者單價約20美元的低價位可撓式OLED面
板採購量。

https://img.digitimes.com/newsimg/2023/1016/675317-4-58ft2.jpg


• 折疊機售價，降價幅度較緩且較長

(其他產品大概銷售2~3個月就需要降價，然折疊機的價
格卻很穩，這些特點都讓愈來愈多客戶導入折疊機)



資料來源：Canalys、各業者，DIGITIMES Research整理，2023/7





• 全球手機市場景氣低迷，折疊式手機卻持續成長。據PhoneArena報導，
全球折疊機出貨量持續上升，2023年第2季已經較第1季成長16%，達到
220萬支。

資料來源: Digitimes 2023-09-06

https://img.digitimes.com/newsimg/2023/0906/672314-1-m0oqc.jpg


資料來源: Digitimes 2023-07

• Magic V2採用7.92吋、解析度為2344 x 2156的內側主螢幕，外部螢幕則採
用6.43吋、解析度為2376 x 1060設計，兩者均支援120Hz畫面更新率與
LTPO面板技術，同時在主螢幕與外部螢幕都支援手寫筆操作。

• Magic V2 採用的魯班零齒輪結構鈦金鉸鏈，屏幕摺合時能作懸浮水滴支撐，
主屏開展時基本不見摺痕。



• Find N3 Flip 內頁螢幕為 6.8 吋 FHD+ 解析度 AMOLED 可摺面板，支援
10.7bit 色彩、DCI-P3 廣色域、1,200nits HBM / 1,600nits 峰值亮度，以及
1-120Hz LTPO 可變更新率外，也有自家高階機才有的 ProXDR 顯示功能；另
外，表現也覆蓋了 UTG 超薄可摺式玻璃。

資料來源: Digitimes 2023-08



• 水滴轉軸結構來說，其展開型態和摺疊
型態的厚度分別較上代採用的微水滴更
薄 8.6% 和 12.5%、轉軸厚度縮窄 8%、
轉軸區空間縮小 17%

• Xiaomi MIX Fold 3的內螢幕採用超薄UTG玻璃，強度是傳統CPI材質的
2.25倍，20萬次摺疊後，折痕深度變化僅10μm，可靠性和耐用性大幅提
升

資料來源: Digitimes 2023-08



• 華為於9月8日在官網無預警開賣折疊機Mate X5

資料來源: Digitimes 2023-09-11

https://img.digitimes.com/newsimg/2023/0911/673602-1-556r6.jpg




資料來源：各業者，DIGITIMES Research整理，2023/7

U型與水滴型鉸鏈特性比較



Source: DIGITIMES: 2021-04-19

• 折疊機售價較高，是影響市場接受度的主因之一，然售價要降低的空間有限，主因
不論AMOLED或機構件設計都較複雜，良率偏低的結果，生產成本偏高，以關鍵
機構件軸承為例，其零件多達上百件，為NB的5~10倍之多，也凸顯其量產難度



Flexion Hinge

OPPO Fold N vivo X Fold
小米MIX Fold 2 Moto Razr

https://mms.digitimes.com/NewsImg/2022/0811/642206-2-AS3J41807.jpg


資料來源：DSCC，DIGITIMES Research整理，2023/7



• Huawei's Mate X, 

• Motorola's Razr

• Lenovo's (Thinkpad X1 foldable laptop) 

• Oppo

• Vivo

Ultra Thin GlassColorless PI

• SAMSUNG

More cost effective

https://mms.digitimes.com/NewsImg/2020/0504/583512-1-LAFI5.jpg


TE AMOLED
R

Ultra-Thin Glass (UTG) 

✓ Flexible AMOLED fail

✓ Challenged for small radius by using UTG

✓ Rupture and delamination after r=5mm folding

UTG on flexible AMOLED after folding

Rupture and delamination 

Neutral axis

Flexible AMOLED

✓ High Young’s modulus of UTG
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• 2021年折疊螢幕蓋板(cover window)材料超薄強化玻璃(UTG)的市佔率可望達
80%，未來消長將取決於三星電子(Samsung Electronics)、蘋果(Apple)的選擇。

• 透明PI較容易搭載於低價機型，及10吋以上的產品，如平價機種、平板及NB

https://mms.digitimes.com/NewsImg/2021/0415/607300-3-1LDVA.jpg


TE AMOLED
R

Flexible Substrate

Adhesive

CPL

Barrier Film

Touch Film

Window glass

Note: CPL (Circular Polarizer)

Front Plate 



• POL Thickness : 50-100 micron • CF Thickness : ~5 micron

• CF with a new black matrix

✓ Improve the brightness of Samsung's OLEDs by 20-30%

✓ POL-LESS with LTPO, power consumption reduction of more than 30% compared 
to current LTPO OLEDs



資料來源：DSCC 2021/06/15

• UTG : not be exclusively produced by SCHOTT. Corning’s UTG will 
be processed by Korean supplier eCONY

• Under the display camera

• A polarizer-free design

Polarizer-free技術導入



r

Y-OCTA

2017

TSP on TFE

Polarizer Free
2021

• 關鍵技術(1) TSP on TFE : Touch線路於OLED Thin Film Encapsulation上製作

• 關鍵技術(2) Polarizer Free: 於Touch線路上再上Color Filter

https://img.digitimes.com/newsimg/2023/0927/674184-1-7ad8t.jpg


• （Color Filter on Encapsulation；CoE）技術的機款包括三星Galaxy Z 
Fold5、Oppo FIND N3及N3 Flip、小米Mix Fold3、Vivo X Fold2、
Google Pixel Fold、傳音Tenco Phantom V Flip、摩托羅拉（Motorola）
Razr 40和Razr 40 Ultra等

資料來源: Digitimes 2023-09-27

https://img.digitimes.com/newsimg/2023/0927/674184-1-7ad8t.jpg




Spectre x360

$1,599

Blade 15 Advanced

$2,300 (2021/6)

$1,200 (Book Pro 360 13.3“)

(2021/Q3)

XPS 15XPS 13

(2021/4)

Mi Laptop Pro 15

>$990 (2021/4)

New AERO 15
ZenBook Pro Duo 15

$2,200 (2021/4)

Yoga Slim 7i Pro





QD-OLED GAMING MONITOR



• OLED技術: LG Display採用 WOLED ； Samsung Display採用QD-OLED 



• 2023年第1季，樂金全球OLED電視市佔率接近60%，Sony、三星分別以16%及11%

資料來源: Digitimes 2023-07



OLEDoS（OLED on Silicon），即是所謂的Micro-OLED

售價3,499美元（約新台幣10.7萬元）

• 尺寸為2片約1.4吋Micro OLED，其畫素密度估計約4,000ppi(CMOS背板)

• Vision Pro推估的生產成本約高達1,500美元以上。其中，零件最昂貴就是

Micro OLED面板，約佔700美元，這筆大單僅由Sony獨家提供。

• Sony Micro OLED年產能僅約90萬片，雖然蘋果要求Sony擴大產線供應，但

Sony卻拒絕大客戶要求(年出貨超過100萬台)

SOURCE:https://www.techritual.com/2023/07/23/376546/



12.8 吋OLED觸控螢幕



Mercedes-Benz 的 MBUX 多媒體系統

• 主駕 12.3 吋、副駕 12.3 吋與中控 17.7 吋 P-OLED (LGD)



‧ Size : 2.4inch QVGA
‧Resolution : 240x320 
‧ Transparency : 40%
‧Brightness: 150 cd/m²

2010 2009 FPD 2011 CES

‧ Size : 14 inch QFHD
‧Resolution : 960x540 
‧Transparency : 40%
‧Brightness: 200 cd/m²
‧Color Gamut > 100% (NTSC)

‧ Size : 19 inch QFHD
‧Resolution : 960x540 
‧ Transparency : 30%
‧Brightness: 200 cd/m²
‧Color Gamut > 100% (NTSC)

‧ Size : 15 inch
‧ Transparency : 30%
‧Brightness: 200 cd/m²

R/G/B Transparent 

cathode
Transparent cathode

Transparent Anode

．PMOLED

． Narrow Cathode 

Structure design
See through 

Pixel

Top Emission

14 inch

Bottom Emission

19 inch

See Through Pixel

See through 

Pixel
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大綱

• 過去 : OLED研發到量產

• 過去 : Flexible AMOLED研發到量產

• AMOLED現在

手機、平板、NB、Monitor、電視、AR/VR/MR、Automotive、Transparent

• AMOLED未來



ARAutomotive

• Foldable
-In-fold

-Out-fold
-Z-fold

• Slidable • Rollable • Transparent

AR/VR/MR

手機 平板 NB Monitor 電視



CPL

OLED
Touch Sensor

CPI + Hard Coat

TFE
TFT
PI

Film

Cushion

PET

Metal plate

Copper plate

CPL

OLED
Touch Sensor

UTG 

TFE
TFT
PI

Film

Cushion

PET

Metal plate

Copper plate

PET

背面金屬板斷開



Source: Display Week 2021 



Source: Display Week 2021 

• 內折半徑 2.5 mm 外折 6.5mm

• 展開顯示面板12.3吋 • 雙折後5.4吋





Source: CES 2021 

(LG) (BOE) (TIANMA) (Visionox)

• 滑捲半徑5mm



• 6.55吋的畫面，在1.2~1.3秒內就會為橫向拓展至7.11吋

• 中國手機業者傳出的幾款新型態手機消息，傳音稍早於2023年8月底曝光延
伸式手機概念機「Phantom Ultimate」，最快有望在2024年底上市



Umbrella-like mechanism 

Source: http://www.concept-phones.com

技術挑戰

• 面板滑捲應力與磨擦力較折疊挑
戰高

• 展開模式後面板需要構件保護

• 展開後縫隙較折疊大，砂塵無孔
不入

144



• 可折疊螢幕專利



iPhone X

Flexible AMOLED
5.85" 2436 × 1125
459 ppi (PenTile)
Add-On TSP / COF

iPhone Xs

Flexible AMOLED
5.85" 2436 × 1125
459 ppi (PenTile)
Add-On TSP / COF

iPhone Xs Max

Flexible AMOLED
6.45" 2688 × 1242
459 ppi (PenTile)
Add-On TSP / COF

iPhone 11 Pro

Flexible AMOLED
5.85" 2436 ×
1125
459 ppi (PenTile)
Add-On TSP / 
COF

iPhone 11 Pro Max

Flexible AMOLED
6.45" 2688 × 1242
459 ppi (PenTile)
Add-On TSP / COF

iPhone 11 

LTPS LCD
6.06" 1792 × 828
325 ppi
Add-On TSP / 
COF

iPhone 12 Pro

Flexible AMOLED
5.42" 2340 ×
1080
475 ppi (PenTile)
TSP on TFE / COP

iPhone 12 Pro Max

Flexible AMOLED
6.68" 2778 ×
1284
458  ppi (PenTile)
TSP on TFE / COP

iPhone 12 Pro

Flexible AMOLED
6.06" 2532 ×
1170
460 ppi (PenTile)
Add-On TSP / 
COF

iPhone 12 Max

Flexible AMOLED
6.06" 2532 ×
1170
460 ppi (PenTile)
Add-On TSP / 
COF



• 超過10,000 顆mini-LED

• 4顆一組，超過2,500區局部調光



https://img.digitimes.com/newsimg/2023/1113/677922-3-fm02s.jpg


Source: ASUS

• 17.3" 2560x1920 foldable OLED display (supplied by BOE)



Source: Lenovo

• 16.3" 2560 x 2024 foldable OLED display (supplied by LGD)



• LGD獨家研發的串聯（tandem）

OLED技術，將此技術從車用擴大至IT 

OLED面板，有機發光堆疊為2層，可

提升亮度與使用壽命，讓OLED面板更

適用於NB、平板電腦等，螢幕使用時

間較長的產品。

https://img.digitimes.com/newsimg/2023/1011/675743-1-ftv5h.jpg


Source: Omdia 2023.06 

Notes: Mini LED backlighting is defined as a direct backlighting with 2D array of significant number of ≥100μm-sized LEDs in 
multiple separate dimming zones.



• 以OLED監視器尺寸別看，2023年仍以34吋為大宗，市占率預計為37%；第二則為27吋，市占率約32%；第三高為49
吋，市占率約14%，接續為市占率10%的45吋。展望2024年，TrendForce預估，27吋的監視器市占率將持續擴展，
並成為OLED產品市占率第一尺寸，31.5吋OLED產品也將在三星顯示器（SDC）及樂金顯示（LGD）皆陸續量產後，
明年市占率有機會逾10%。

• 2023 年 OLED 監視器（Monitor）出貨量達 50.8 萬台，年增率高達 323%。
2024 年 OLED 產品尺寸及規格將更豐富，加上兩家韓系面板廠 27 吋及 31.5 
吋 OLED 產品上市後，競爭趨白熱化，進一步推動 OLED 監視器出貨超過百萬
台。



• Omdia預估，2023年全球OLED電視出貨量逾740萬台，其中在1,500美元以
上高階電視市場，OLED電視佔比將上升至46.1%（金額基準），相較2022年
佔比36.7%，短短一年提升近10個百分點。

資料來源: Digitimes 2023-07



OLEDoS（OLED on Silicon），即是所謂的Micro-OLED

售價3,499美元（約新台幣10.7萬元）

• 尺寸為2片約1.4吋Micro OLED，其畫素密度估計約4,000ppi(CMOS背板)

• Vision Pro推估的生產成本約高達1,500美元以上。其中，零件最昂貴就是

Micro OLED面板，約佔700美元，這筆大單僅由Sony獨家提供。

• Sony Micro OLED年產能僅約90萬片，雖然蘋果要求Sony擴大產線供應，但

Sony卻拒絕大客戶要求(年出貨超過100萬台)

SOURCE:https://www.techritual.com/2023/07/23/376546/



Source: SID’19

• POLED透過提升有機物材料的發光效率，較先前產品降低約39%功耗，以業界
最低水準的功耗和重量，提升了能源使用效率，也被評估為用於電動車，將有
利於增加行駛距離。



• LGD車用OLED面板客戶 : 賓士（Mercedes-Benz）、現代汽車（Hyundai 

Motor）、通用汽車（GM）及Volvo等9家車廠。

• SDC車用OLED面板客戶 :奧迪（Audi）、現代汽車、BMW、法拉利（Ferrari）等

• 2022年LGD和SDC分別佔據50%和42%車用OLED面板市場，京東方市佔率約7%。

LGD SMD

https://img.digitimes.com/newsimg/2023/1017/675453-1-1b5sy.jpg


• 中國汽車製造商像是蔚來、理想、吉利、智己、比亞迪等，也紛紛搭載了
AMOLED顯示器

蔚来ET7——BOE：12.8英⼨柔性OLED中控屏



ICD
CSD

CP

HUD

ICD

AR-HUD

eMirror
eMirror

CSD
PD

ICD, Instrument Cluster Display
CSD, Center Stack Display
HUD,  Head Up Display
CP, Control Panel
IME, In-Mode Electronics
PD, Passenger Display

AR-HUDeMirror eMirror

IME CP

Pillar to Pillar Display

2020

2025

2030



Note: 2023-2024 is based on 1Q23 prelim numbers; the final numbers will be available in July 2023

Source: Omdia 2023.06 



TFT-LCD

Response time

Viewing angle

Outdoor reliability

Resolution

2000 2005 2010 2015 2020

LTPS TFT-LCD

Glass AMOLED Foldable/Bendable/Rollable AMOLED

• Power consumption

• Health

• Cost

• Full screen

Thickness

• Absolute Black
Lifetime

2025

Micro LED
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y• High brightness

AMOLED



Source: Display Week 2021 




