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ACRONYMS

Å µLED: microLED

Å 3D: three dimensions

Å 4K: 3840x2160 resolution

Å 4N: Four Nines ðmeaning 99.99%

Å 5N: Five Nines ðmeaning 99.999%

Å 8K: 7680x4320 resolution

Å ACLED: Alternating Current Light Emitting Diode

Å AI: Artificial Intelligence

Å ALD: Atomic Layer Deposition

Å AMOLED: Active Matrix OLED

Å AR: Augmented Reality

Å ASP: Average Selling Price

Å a-Si: Amorphous Silicon

Å ASP: Average Selling Price

Å BLU: Backlight Unit

Å CAGR: Compound Annual Growth Rate

Å Capex: Capital Expenditure

Å CF: Color Filter

Å CMOS: Complementary Metal Oxide 
Semiconductor

Å CMP: Chemical Mechanical Planarization

Å CR: Contrast Ratio

Å CRT: Cathodic Ray Tube

Å CSP: Chip Scale Packaging

Å DLP: Digital Light Projection

Å EL: ElectroLuminescence

Å EL-QD: Electroluminescent QD

Å EQE: External Quantum Efficiency

Å FALD: Full Array Local Dimming

Å FHD: Full High Definition (1920x1080)

Å FMM: Fine Metal Mask

Å FOV: Field Of View

Å FWHM: Full Width at Half Maximum

Å GDP: Gross Domestic Product

Å GOA: Gate on Array

Å GX, GenX: fab of Xth generation

Å HDR: High Dynamic Range

Å HMD: Head Mounted Display/Device

Å HUD: Head Up Display

Å IC: Integrated Circuit

Å IJP: Inkjet Printing

Å IP: Intellectual Property

Å IQE: Internal Quantum Efficiency

Å IR: Infrared

Å KBD: Known Bad Die

Å KGD: Known Good Die

Å KSF: K2SiF6 PFS phosphor

Å LC: Liquid Crystal

Å LCD: Liquid Crystal Display

Å LCOS: Liquid Crystal on Silicon

Å LED: Light Emitting Diode

Å LLO: Laser Lift-Off

Å LTPS: Low Temperature Poly Silicon

Å mLED: miniLED

Å MMG: Multi Mother Glass

Å MOCVD: Metal Organic Chemical Vapor 
Deposition

Å MR: Mixed Reality

Å NBP: Narrow Band Phosphor

Å NTSC: National Television System Committee

Å OEM: Original Equipment Manufacturer

Å OLED: Organic Light Emitting Diode

Å OSAT: Outsourced Semiconductor Assembly and 
Testing

Å PCB: Printed Circuit Board

Å PDMS: Polydimethylsiloxane (polymer material)

Å PECVD: Plasma-Enhanced Chemical Vapor 
Deposition

Å PFS: Potassium Fluoro Silicate

Å PL: PhotoLuminescence

Å PL-QD: PhotoluminescentQD

Å PPI: Pixel per Inch

Å PVD: Physical Vapor Deposition

Å PWM: Pulse Width Modulation

Å QD: Quantum Dot

Å QDCF: Quantum Dot Color Filter

Å QDEF: Quantum Dot Enhancement Filter

Å QD-OLED: Quantum Dot OLED

Å QWP: Quarter Wave Plate

Å RCLED: Resonant Cavity Light Emitting Diode

Å RGB: Red, Green and Blue

Å RIE: Reactive Ion Etching

Å RoHS: Restriction of Hazardous Substances

Å SID: Society for Information Display

Å TADF: Thermally Activated Delayed Fluorescence

Å TFT: Thin Film Transistor

Å UHD: Ultra High Definition

Å UV: Ultra Violet

Å VR: Virtual Reality

Å VTE: Vacuum Thermal Evaporation

Å WCG: Wide Color Gamut

Å WOLED: White OLED

Å YAG: Yttrium Aluminum Garnet
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METHODOLOGIES & DEFINITIONS

Market

Volume (in Munits)

ASP (in $)

Revenue (in $M)

Yoleõs market forecast model is based on the matching of several sources:

Information 

Aggregation

Preexisting

information
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Aixtron, Aledia, Allos Semiconductor, Apple, Applied Materials, AUO, BOE, CEA-LETI,

CIOMP, Columbia University, corning, CSOT, eLux, Epiled, Epistar, Facebook, Foxconn, Galnt

Precision Machinery, glǁ, Goertek, Google, HKUST, IMEC, Instrument System, Intel, ITRI, Jade

Bird Display, Kansas State University, KIMM, Konika Minolta, Kookmin U., Kyocera, Lextar,

LG, Lumens, Lumileds, Lumiode, LuxVue, Macroblock, Marketech, Microsolar, Mikro Mesa,

NCTU, Mojo Vision, Nichia, Nitride Semiconductors, Nth Degree, Oculus, Optovate, Osram,

Ostendo, PlayNitride, Plessey, PSI Co, QMAT, Rohinni, Samsung, Sanan, Sapien, Saultech,

SelfArray, Semprius, Sharp, Smart Equipment Technology, Seoul Semiconductor, Sharp, Sony,

Soitec, Strathclyde University, SUSTech, Sun Yat-sen University, Sxaymiq Technologies, Tesoro

Scientific, Texas Tech, Tianma, Topconn, TSMC, Toray, Tyndall National Institute, Uniqarta, U.

Of Hong Kong, U. of Illinois, Ultra Display, Veeco, VerLASE, Viewtrix, V-Technology, VueReal,

Vuzix, X-Display, Xerox PARC, and more.
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Å MicroLED technology is progressing on all front. 

Å As anticipated, many companies have been 
showing prototypes since the beginning of 2019.

Å Interest keep increasing and panels makers are 
accelerating effort and catching up.

Å Our estimates of die size required for each 
applications as well as yield targets have been 
validated by most players in the industry.

Å Smartphone was identified as the most 
challenging application.

Å Some of the overlooked challenges identified in 
2018 such as driving or light extraction are now 
gathering more attention

Å Some of the remaining challenges in term of 
both technology development (overall efficiency 
for very small die sizes) and supply chain ramp 
up were still underestimated.

Å As a result, our adoption timeline was still too 
optimistic.

Å We are now very cautious regarding 
smartphones: our forecast scenario still 
consider that adoption in smartphone is 
possible but the probability is lower than it was 
are more challenges are identified and OLED 
keep improving.
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MICROLED AND MINILED

Application / display 

architecture

Self-emissivedisplays for consumer 

applications.

Assembly
Need >> 100 million Die Per Hour: 

orders of magnitude faster than 

miniLEDor traditional LEDs

Chip Manufacturing

ÅNew / significantly upgraded fab

ÅClass 100 with class 10 cells, 

steppers, ALD, lift off, wafer bonders...

ÅPlasma dicing: 1-3 µm kerf

Chip size and 

design

Å< 5-15 µm edge[1], < 8 µm thick 

ÅEpitaxial substrate removed

ÅNew challenges, architectures

Traditional LEDs MiniLED MicroLED

Å120 to 1000 µm on sapphire

ÅSide up, Flip Chip, Vertical

Å50 to 200 µm on sapphire

ÅFlip Chip preferred

ÅStandard die bonders:1000 

to 50,000 UPH, 25 µm 

accuracy

ÅImproved die bonders 

being developed: target 

500,000UPH or more.

ÅLCD Backlight 

ÅDirect view LED videowalls

Improved LCD backlight 

and Direct view LED 

videowalls

ÅClass 10,000 or worse

ÅMask aligners, PVDé

ÅLaser dicing:15-25 µm kerf loss

Same fab + incremental 

improvement(reduce 

dicing kerf loss etc.)

[1]: <15 µm for most applications

300 µm

microLED
miniLED

There are no strict and commonly accepted definition of mini and microLEDs. Size is the primary criteria but the technologies 

are better distinguished by a combination of chips size, architecture, manufacturing and assembly requirements:

Image: ITRI, SID 2018 DIGEST, 59-2, p783
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