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§ LCD – Dominant technology
§ Quantum Dot – Enabling other technologies
§ MiniLED – Growing Demand
§ OLED – Growth with higher performance
§ Battle for application markets 
§ MicroLED – Moving towards commercialization
§ NanoLED – Next generation display

§ Can technology innovations drive future demand?
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LCD: Dominant Technology
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LCD vs. OLEDs

24

▪ LCDs outgrew OLEDs in 2021 on price increases and strong demand in LCD dominated applications. 

▪ The LCD $US share rose from 72% to 75% on 35% growth. MiniLED LCDs went from a 0% share in 2020 to a 2.2% share in 2021.

2018 2019 2020 2021
LCDs $98 $87 $91 $123
OLEDs $27 $28 $35 $42
LCD Growth -11% 4% 35%
OLED Growth 3% 25% 20%
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2018 2019 2020 2021
OLEDs 22% 24% 28% 25%
LCDs 78% 76% 72% 75%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

$U
S 

Sh
ar

e

Display Revenues/Growth by Technology Display Revenue Share by Technology

Source: DSCC’s Quarterly FPD Forecast ReportSource: DSCC’s Quarterly FPD Forecast Report 

• Unprecedented demand due to WFH & LFH combined with supply 
constraint and panel price increases, resulted in record revenue in 2021

• LCDs outgrew OLEDs in 2021 on price increases and strong demand
• Panel price reductions that started in 2H 2021 is still continuing.



§ Enabling LCD, OLED, MicroLED
and NanoLED

§ xQDEF
§ air-stable QD enable combination 

of diffuser plate + Quantum Dot 
RGB color 

§ high-efficiency backlight unit 
with single piece, low cost 
construction 

§ Nanosys: Quantum Dots are the 
perfect emitters for displays 

§ QDCC 
§ integrates seamlessly with OLED 

and MicroLED
§ simplifies the manufacturing 

process, enabling scalability
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Quantum Dot – Enabling Other 
Technologies

Source: Nanosys- DisplayWeek 2022 presentation



§ MiniLED LCDs went from a 0% share in 2020 to a 2.2% 
share in 2021 (DSCC)

§ Multi zone blinking backlights, miniLED with QD has 
enabled LCD to have higher brightness, very high 
contrast, excellent HDR, thin form-factor, superior 
power efficiency and display performance close to 
OLED. 

§ BOE showcased 86” 4K active matrix backlit MiniLED on 
glass substrates, 1,500 nits 2,000 zones. 

§ TCL CSOT showed 75-inch 8K 4 mask glass based 
miniLED display, 34” curved miniLED for e-sports. 

§ AUO showcased 34” WQHD curved (1000R) miniLED
gaming monitor,  
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MiniLED – Growing Demand

TCL CSOT 34” MiniLED gaming module

TCL CSOT 75” 8K MiniLED TV

1st Gen 
Backlight for 

LCD
CCFL

2nd Gen 
Backlight for 

LCD
LED

3rd Gen 
MiniLED

Backlight  for 
LCD & 

enhanced by 
Quantum Dot

MiniLED
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QD-OLED - Bringing Higher Display 
Performance 

Source: Samsungdisplay.com

• Samsung Display  QD Display
• QD technology of Blue OLED display with 

printed quantum dot layer color conversion and 
sub-pixel level dimming-

• Received DisplayWeek best new component 
award

• 65-inch and 55-inch QD-OLED (QD)TV and 34-
inch monitor panels  

• Nanosys - QD-OLED can deliver:
• Hyper-realistic color – 1.5X Richer Color 
• Perfect viewing angle – 36% wider 
• Brighter appearance vs WOLED – 30% brighter 
• Lower materials BOM – up to 40% less (source: 

DSCC)  

Source: dell.com

$1,299.99
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OLED - Evolving to New technology

• LG Display: OLED-EX 
• Deuterium technology, narrow bezel, 30% higher 

brightness, 77-inch 8K OLED with 2000nits, 42-inch 
bendable OLED gaming monitor

• UDC PHOLED Blue - all-phosphorescent RGB stack for 
commercial market in 2024
• Higher efficiency or lower power consumption
• Higher brightness at same power level, improved 

HDR performance 
• Extended lifetime

• Inkjet Printing, Organic Vapor Jet Printing

• OLED Suppliers investing in 8.5 or 8.7 Gen fabs 
• high mobility IGZO, vertical FMM VTE, tandem stack 

structure to reduce costs

LG Display 97” OLED-EX

LG Display 42”  bendable Gaming Monitor



Application Market Dynamics 
Changing
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• IT panels revenue shares surged with strong unit growth, price increase and 
miniLED adoptions.

• TV revenue shares surged in 2021, mobile phone shares went down
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Units and Growth
▪ 2020
− Monitors, notebooks, tablets all up double digits on WFH/LFH. Driver IC shortage begins. 
− Automotive fell double digits on chip constraints, mobile phones down on lack of mobility/increased unemployment. 

▪ 2021
− Automotive monitor market surges back on pent up demand, increased displays per car, better IC allocation. Double-digit notebook unit 

growth continues. Other segments between -3% and +5%. 

2018 2019 2020 2021
LA Others 177 197 199 228
SM Others 48 48 48 47
TVs 286 287 279 272
Tablets 192 189 225 224
Smart Watches 50 92 131 148
Notebook PCs 180 185 222 284
Monitors 153 150 171 180
Mobile Phones 2103 2029 1841 1859
Auto. Monitors 166 161 141 178
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Millions of Panels by Application Unit Growth by Application

2019 2020 2021
Auto. Monitors -3% -12% 27%
Mobile Phones -4% -9% 1%
Monitors -2% 14% 5%
Notebook PCs 3% 20% 28%
Smart Watches 83% 42% 13%
Tablets -2% 19% 0%
TVs 0% -3% -3%
Grand Total -1% -2% 5%
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19Source: DSCC’s Quarterly FPD Forecast Report  (Smartwatches refer to OLED Smart Watches).
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Display Revenues by Application
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▪ Strong double-digit revenue gains in both 2020 and 2021 in 5 different segments. 

▪ The IT panel revenue share surged from 20% in 2019 to 29% in 2021 on strong unit growth, price increases and MiniLED adoption. 

▪ TVs rose from a 25% to a 28% share, mobile phones fell from 38% to 30% but remained the largest display segment. 

2018 2019 2020 2021
LA Others $2 $2 $2 $3
SM Others $8 $6 $5 $6
TVs $34 $29 $31 $46
Tablets $6 $6 $8 $10
Smart Watches $1 $2 $2 $3
Notebook PCs $8 $9 $11 $20
Monitors $10 $9 $12 $18
Mobile Phones $47 $44 $46 $49
Auto. Monitors $8 $8 $7 $9
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2018 2019 2020 2021
LA Others 2% 2% 2% 2%
SM Others 6% 5% 4% 4%
TVs 27% 25% 25% 28%
Tablets 5% 5% 6% 6%
Smart Watches 1% 2% 2% 2%
Notebook PCs 7% 7% 9% 12%
Monitors 8% 8% 9% 11%
Mobile Phones 38% 38% 36% 30%
Auto. Monitors 7% 7% 6% 6%
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2019 2020 2021
Auto. Monitors -2% -11% 31%
Mobile Phones -6% 4% 8%
Monitors -9% 26% 48%
Notebook PCs 1% 27% 81%
Smart Watches 45% 29% 20%
Tablets -6% 44% 30%
TVs -15% 10% 46%
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Source: DSCC’s Quarterly FPD Forecast Report (Smart Watches = OLED Smart Watches).Confidential. © 2022 DSCC. All Rights Reserved.

Display Revenues by Application
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Source: DSCC’s Quarterly FPD Forecast Report (Smart Watches = OLED Smart Watches).
Source: DSCC’s Quarterly FPD Forecast Report (Smart Watches = OLED Smart 
Watches). 



§ Global TV market slowing – 212m (2022), 223m (2026, same as 2019) 
(OMDIA)

§ Battle for the premium TV market
§ MiniLED/QD (32”- 97”, 8K) 
§ WOLED (42”- 97”, 4K some 8K) 
§ Now QDOLED (55”- 65” 4K)

§ DSCC forecast: 
§ Advanced TVs for all technologies to grow by 22% CAGR from 2019-2026 to 

39M units. 
§ LCD to grow by 21% driven by MiniLED and 8K.
§ OLED to grow by 23% with QD-OLED and Inkjet Printed OLED adding to 

WOLED.
§ MicroLED will remain a miniscule fraction of Advanced TV units 
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Battle in TV Market



DSCC (2021 Estimates)
− Advanced IT display units increased 237%Y/Y

§ Advanced notebook PC units increased 645% Y/Y
§ OLEDs outpaced MiniLEDs by a 2:1 margin 

§ Advanced monitor units increased 402% Y/Y
§ MiniLEDs outpaced OLEDs by almost a 10:1 margin

§ Advanced tablet units increased 99% Y/Y 
§ MiniLEDs outpaced OLEDs by a 40% margin 

§ Intel®Evo™ design foldable display : one physical device can have many 
postures: laptop, table top, tablet and others. 

§ BOE: 17-inch foldable OLED notebook – best technology demo award
§ AUO : 16-inch 240Hz MiniLED gaming notebook, >1000nits  
§ Tianma: “0” border MiniLED, 16-inch AM-TFT MiniLED
§ LGD 17-inch foldable OLED laptop
Dash-Insights                                                                                                                   
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Battle in IT Market



Backplane Technologies  for IT 
Market
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New Fab Schedules

36

▪ Most of the new fab activity is around OLEDs for IT applications on G8.5-G8.7 glass which represents significant frontplane and backplane 

challenges. 

▪ Most new capacity using IGZO or LTPO backplanes, accounting for a rising share of capex. IGZO to lead in 2023 and 2025. 

Source: DSCC’s Quarterly Display Capex and Equipment Market Share Report 

2021 2022 2023 2024 2025
a-Si 62% 40% 20% 26% 19%
IGZO 2% 2% 40% 25% 48%
LTPS 34% 33% 5% 21% 0%
LTPO 2% 25% 35% 28% 32%
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Display Eqpt. Spending by Backplane Tech. 
New Fab Schedules

OLED Smartphones
Mfr. Fab Name Location Capacity TFT Gen Backplane Frontplane Substrate Prob. Initial MP Date
BOE B12 Chongqing 45K G6 LTPS/LTPO RGB OLED Flexible A Jan. 2022
LGD AP4/E6 Paju 10K G6 LTPO RGB OLED Flexible A Mar. 2023
Tianma TM18 Xiamen 45K G6 LTPS/LTPO RGB OLED Flexible A Jul. 2022
SDC A4 (L7-2) Tangjeong 30K G6 LTPO RGB OLED Flexible A Aug. 2022
OLED IT
LGD AP5/E7 Paju 15K G6 LTPO RGB OLED Rigid + TFE A Jan. 2024
EDO Fab 3 Shanghai 15K G6 LTPS RGB OLED Rigid C Oct. 2024
SDC T8 IT Tangjeong 30K G8.5 IGZO RGB OLED Rigid + TFE B Oct. 2024
CSOT T8 Guangzhou 60K G8.5 IGZO IJP OLED Rigid D May 2025
BOE B16 Chengdu 30K G8.7 LTPO RGB OLED Rigid C Jul. 2025
LGD P10 IT Paju 15K G8.5 IGZO RGB OLED Rigid + TFE D Jul. 2026
Visionox V4 Shenzhen 15K G8.6 IGZO RGB OLED Rigid + TFE D Oct. 2026
OLED TVs
Nothing firm at the moment
LCD IT
CSOT T5 Wuhan 45K G6 LTPS LCD Rigid A Jul. 2023
Tianma TM19 Xiamen 120K G8.6 a-Si/IGZO LCD Rigid B Oct. 2024
LCD IT and TV
China Star T9 Guangzhou 180K G8.6 a-Si/IGZO LCD Rigid A Feb. 2023
LCD TV
BOE B17+ Wuhan 120K G10.5 a-Si LCD Rigid C Apr. 2025

Source: DSCC’s Quarterly Display Capex 
and Equipment Market Share Report 

OLED suppliers are investing in 8.5 or 8.7 Gen fabs
• High mobility IGZO backplane with low mask 

count to improve cost. 
• Higher cost saving by shifting to rigid+TFE
• Shifting towards tandem stack structure to 

improve performance over single stack 
structure

• LTPO: (Lower power consumption, VRR)
• Samsung Display, LGD, BOE, China Star, 

Visionox and others converting capacity to 
LTPO 

• IGZO: (Scalable, VRR,  fewer masks) 
• Samsung Display, LG Display,  and Visionox all 

planning IGZO RGB OLED (Rigid + TFE) in 8.x 
Fabs
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Battle in Smartphone Market

DSCC:	Smartphone	is	the	top	application	market	for	Display	Revenue	
• 2021 – Smartphone panel shipments rose 4% to 1.52B.
• AMOLED shipments rose 26% to 634M ( 42% units shares)
• Smartphone panel shipments 2% CAGR from 2021 to 2026

• LCDs declining at a 6% CAGR 
• OLEDs rising at an 11% CAGR

• 5G-based products needing slimmer displays will continue to increase 
flexible OLED demand

• Integration of new technology - under panel camera (UPC), fingerprint 
under display, integrated touch, power saving, variable refresh rates, and 
other features will make flexible OLED more critical for 2022 and beyond
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Foldable Smartphone – increasing 
adoption

Source:Samsungdisplay.com

• Omdia : Foldable smartphone shipments 
• 9 million units in 2021, up 309% year-on-year. 
• 8 million units were sold in the 2H2021. 
• Samsung Galaxy Z-Flip3 (52%), Galaxy Z-fold 

(27.8%)

• Flexible OLED gaining shares with Apple and Samsung 
products and new technologies

• LTPO (LTPS + Oxide TFT) enables variable refresh rates
• Y-OCTA (Youm On-Cell Touch AMOLED) enable thinner 

OLED
• Samsung Display ‘Eco² OLED™’ Awarded ‘Display of the 

Year’ (Integrated polarizer - improves light 
transmittance rate by 33%, consumes up to 25% less 
power )



Battle in AR/VR
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Which Technology Will Dominate?

15

▪ LCD will have the largest share of shipments until 2025. After that, SiOLED will become the dominant technology.

▪ SiOLED will represent 48% of all AR/VR display shipments by 2027.

▪ Brightness of MicroLED is several orders of magnitude higher than SiOLED. This will be an advantage for see-through AR.
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Reality Display Technologies and Market Report 

• eMagin’s: Best New technology award for 
Direct Patterning (dPd) OLED Microdisplay
(10,000 nits) 

• AR/VR Requirements – high resolution, high 
brightness, high contrast, no motion artifacts

SiOLED micro display (Higher efficiency and 
longer lifetime) gaining share
• Apple: high end VR headset expected  to use 

SiOLED in 2022
• Meta, Magic Leap, Snap, ByteDance (Tiktok), 

Nreal and others - all investing in AR/VR

LGD showed: 0.42-inch OLEDoS (OLED on Silicon) 
display  for AR,  3,500PPI



§ LCD dominant technology,  OLED designer’s choice, 
MicroLED next gen products

§ New functionality, increase in display sizes, higher 
performance & higher # displays per vehicle. operate 
in extreme temp ranges,  longer lifetime, low costs

§ AUO: front-seat 22” & 30” miniLED curved display
§ Innolux: 34-inch 8K miniLED curved display
§ LGD: 34-inch P-OLED display, curvature of 800R
§ AUO & Playnitride: 12.1-inch dashboard, 9.4-inch S-

shaped flexible CID, 14.6-inch rollable,17.3-inch 
transparent, 3.5 stretchable MicroLED display 
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Battle in Auto Display Market

Innolux: 34-inch 8K miniLED auto 
display

AUO MicroLED display for Auto  

Photo: Dash-insights
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Display Technology – OLED Gaining 
Share

Confidential. © 2022 DSCC. All Rights Reserved.

Display Revenues
▪ Display revenues are not forecasted to reach the 2021 high until 2026 helped by AR/VR growth. Annual growth is expected after the 2022 lows 

at 2% - 6% per year with a 4% 2022-2026 CAGR and remain well above pre-pandemic levels.

▪ Conventional LCDs to lose share annually with OLEDs, MiniLEDs, SiOLEDs and MicroLEDs gaining share. 

LCD, OLED, SiOLED and MicroLED Panel Revenue Forecast LCD, OLED and MicroLED Panel Revenue Share

2020 2021 2022 2023 2024 2025 2026
MicroLED 0.0% 0.0% 0.1% 0.1% 0.3% 0.5% 0.6%
SiOLED 0% 0% 0.0% 0.2% 1.6% 2.1% 2.6%
OLED 28% 25% 32% 34% 35% 37% 39%
MiniLED LCD 0.1% 1.6% 3.6% 3.8% 4.0% 4.4% 4.4%
LCD 72% 73% 64% 62% 59% 56% 53%
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• Technology developments, materials improvements, product innovations 
combined with capacity expansion will help OLED display to gain higher 
shares
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MicroLED – Moving Towards 
Commercialization

Source:  DSCC MicroLED & MiniLED

• Complex manufacturing process: high-speed 
transfer, assembly technologies, yield,  and defect 
management need to improve.

• Nanosys: QDMicroLED: Blue MicroLED+QDCC
• >10X brighter for red than current solutions,  

Ultra high brightness and pure color with very 
high contrast 

• SmartKem + Nanosys: OTFT QD partnership
• PlayNitride: best new display technology award  

0.49-in. full-color MicroLED (4,536 PPI Micro-
display)

• Porotech: best prototype MicroLED for achieving 
color tuning in one monolithic InGaN layer 

PlayNitride :4,536 PPI Full Color 
MicroLED Micro-display
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MicroLED Display Forecast 

 

 

22 

 In 2021, there are only small volumes of MicroLED 
displays for TV and AR/VR. 

 DSCC forecasts MicroLED revenues to grow from 
$0.8M in 2021 to $0.9B in 2026.  

 In 2021, Samsung and LG released their first 
MicroLED LCD TVs.  

 MicroLED will get a niche in the very large TV 
market or signage, where LCD panels and OLED 
become less cost efficient.  

 Except TV, Taiwan panel makers (AUO, Innolux, 
Panel Semi) are very aggressive in adopting 
MicroLED into transparent and curve large-size 
display (rollable, foldable).  
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§ NanoLED (EL-QD): an emissive display, perfect 
black, better color, and wider viewing angle, 
true HDR luminance and higher reliability 
(inorganic materials)
§ Potential for low cost with solution process 

printed manufacturing 
§ Nanosys: NanoLED expected in 2025/26 
§ SmartKem +Nanosys OTFT QD NanoLED
§ BOE : 55-inch 8K AMQLED display showed 

@Displayweek
§ Samsung Display: Distinguished paper by 

M.Park: 
§ demonstrated ink-jet printed Cd-free EL-QDs 

based on the optimized ink formulation. 
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NanoLED - Next Generation Display

Quantum Dot Display Prototypes
Approaching Production Quality

nanoLED – Coming Sooner Than You Might Expect
Native Material EQE Already Approaching OLED Performance; Lifetime Rapidly Improving

Company Confidential

Efficiency Now Exceeding 20% for Red and High
Teens for Blue and Green – All Heavy Metal Free

       

~4um pitch nanoLED enables >2000ppi Resolution
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Can Technology Innovation Drive 
Future Demand?

LCD – Reinvention with  Quantum Dot and MiniLED backlight technology 
helped to create replacement demand

MiniLED –Enabled LCD to be more competitive with OLED, strong 
shipments growth

Quantum Dot – Enabled LCD to compete in premium market
• QD OLED - products will help to increase market share
• QD MicroLED - simplify manufacturing process
• Nano-LED  - emissive display will come in future

OLED- New materials, process and higher gen fabs will help create new 
replacement demand for TV and IT. 
• Foldable creating new market demand

MicroLED – Expected to open up new applications to drive demand
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