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Displays require ideas and knowledge
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WRITTEN SO YOU CAN UNDERSTAND IT

Would Feature Thin Screens

Your TV-picture screen in 1964
may be so thin that it can be hung
like a painting on the wall or
mounted like a vanity mirror in a
table model. That's the prediction
of General Electric scientists. The
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B wd circuitry would be built into the
5 l i picture frame and would use print-
‘s JamE ? _ ed wiring and miniature compo-
3 e nents. Closely spaced wire grids
: ig Cr would luminesce at their intersec-
o RS tions to reproduce the transmitted
W\ % ik picture. The futuristic TV set was
F suggested by work on an aircraft
L= ' e plotting system that will automat-
S~y A ically transfer radar information
el a to a picture screen.
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... By size

Display built into the contact lens Aerial view of landscape display
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the observation distance D = 3500 * A, where A is the linear pixel size.



Liguid crystal display devices

liquid crystal display (LCD) is a thin, flat electronic
visual display that uses the light modulating properties
of liquid crystals (LCs).

Display - Conductor of Information Magistral



Ways of passing light through liquid crystal displays

Transmissive Mode Reflective Mode Transflective Mode
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Transmissive mode

TRANSMISSIVE
LCD

<y = % oczi L ] BACK LIGHT

Laptop

Monitor
X
« Good contrast * High power consumption (Use
« Good color saturation of Backlight)
* High brightness * Poor readability in bright

environment e.g. under sunlight



Reflective mode

REFLECTOR
AMBIENT LIGHT
<3
REFLECTED LIGHT REFLECTIVE
LCD
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 Very low power consumption  Poor readability in dark
- Compact environment
* Light weight * Low contrast

- Sunlight readable * Poor color saturation



Transflective mode

AMBIENT LIGHT l

REFLECTED LIGHT

TRANSFLECTOR

<P == < T BACKLIGHT

L TRANSFLECTIVE
[] LCD

Transmissive LCD

Reflective LCD

Dark Environment
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Bright Environment
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Combine together .

Transflective LCD

Dark Environment

-

Bright Environment
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»Good readability under any ambient light level !




Main properties of light: polarization

Light Passing Through Crossed Polarizers

Polarizer 1 Polarizer 2
(Vertical) (Horizontal) —
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Crystal property: birefringence
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Liquid crystals
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icks effect in an electric




LC oriented without applying an electric field

The parallel alignment of liquid crystal molecuies along grooves



The basic structure of the liquid crystal cell
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Creating an LCD

Top polarzer
Color filter glass
Color filser

G Transparent electrodes (Non4PS VCOM)
gy G— Algnment layer

Ligqued orystal

e plgnment layer
N — TFT armay & vansparent electrodes (IPS VCOM)

TFT glass
Bottom polarizer
Brghtness enhancement film
3 Glass substrate
Light guide Construction ot TFT color LCD
Color filter
Polarizer
Liquid crystal
Signal line
Scan line

Thin film transistor

Glass substrate Transparent display electrode
Light



TFT LCD Configuration

Common Electrode

i (ITO) Amorphous Drain
Black Matrix \ Spafer/ Polarizer silicon electrode
—— —_— . Source iquid o
- __Color Filter\ Substratp C°('g:::;;te' eledrode bl?t‘éde?éé‘??&e
I m \Allgnment
Layer

e
TFT-Array Substrate /

£ /

\% Polarizer

. Gate eledrode Titanium oxide Gate insulation
Bonding PAD Pixel Electrode Storage Capacitor (tantalum) layer
(ITO)
?iw" Vol Elvsr
Storage
Gate 1 i Capacitor (Cs)
Selection g v /
L ~ Pixel Electrode
P 1 D l |:| V (IT0)
o | S{LI T _?_!f T Off
5".“, Gnaf > T e -
el o [ o B
20V _l Gn |8 L] ) :
= J. .I. .|. * | Line-by-Line
\ off T I_—'_l off TD off Addressing
-5V “-L Gne+1| & L )
I ) ] I 3




TFT LCD technology process

Back glass Front glass .
C BM Deposit
T * Thin Film Deposit Process . F :
F : P Color Filter PhotoJProcess
T Photo-lithography Process # | | Etch Process
% 2
Etch Process
# [
TFT Device Test I |
Array Process |
Alignment Layer Coat
(IS LC Alignment Process
Cell Process || D TFT/CFE Alignment
" LC Filling Process
o LCD Panel Test




TFT Manufacturing Process

Qlass GATE Electrode Insulator & &-Si DATA Electrode Passivation Pixel Electrode

i

PR Coating Exposure Develop Etoh PR Strip Inspect ion

Cleaning

Wet Eton
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Color Filter Manufacturing Process

| Deposition Cleaning




Cell Manufacturing Process

LC arrangement along

S A polyimide S G B
T P rubbing direction

Seal Printing
Cleaning Alignment-Layer Printing Rubbing

() » 25 .

Spacer Dispensing

/ Assembly Scribing & Breaking LC Injection Autoprobe Inspection




Targets applied in TFT-LCD manufacturing

Target Function

Al electrode ~ conductive line

Mo electrode -~ conductive line

Electrode - conductive line (next
Cu generation)

Cr CF (black matrix)
ITO CF and array electrode




Technology of Fabrication

ANUO




Organic Light Emitting Diodes
(OLEDs)
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LCD VS EMISSIVE DISPLAYS

OLED Substrate

. panel
Polarizing  Diffusors & LED backlight Front Iayer W"th |
ﬁ Lightguides ~ (Direct/ Edge) contrast coating

Front layer with
contrast coating

1 pixel

Colour

Polarizing Colour Liquid Cystals
film filters  (the “LC" in LCD) filters




OLED Device Operation

I !

— ANODE -~

Conductive Emissive
Layer Layer

> 1 Electrical current flows from the
cathode to the anode through
the organic layers, giving
electrons to the emissive layer
and removing electrons from the
conductive layer.

Electron

Removing electrons from the 2
conductive layer leaves
holes that need to be filled
with the electrons in the
emissive layer.

3 The holes jump to the emissive
layer and recombine with the
electrons. As the electrons
drop inta the holes, they
release their extra energy as
light.

Light
Photon




OLED Diagram

Transparent
substrate

Anode
(ITO)

Cathode

Conductive Emissive
layer layer
LUMO ‘
LUMO
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OLED and Color

A N -
= Organic layer

s Indium tin oxide

wWhite OLED

— Feter

Hue OLED

- (olorchanging
ium

g Transparent contact
~s—— Stacked OLED




Types Of OLED

Six types of OLEDs
1 Passive matrix OLED(PMOLED).
2 Active matrix OLED(AMOLED).
1 Transparent OLED(TOLED).
2 Top emitting OLED.
1 Flexible OLED(FOLED).
2 White OLED(WOLED).



PMOLED and AMOLED

PassIiVE MATRIX OLED AcCTIVE MATRIX OLED

OLED Passive Matrix = OLED Active Matrix

Organic
Layers




Transparent and Top Emitting OLED

TRANSPARENT OLED Tor EMITTING OLED

OLED Transparent Structure OLED Top-Emitting Structure

Emissive

Layer e
Emissive

Layer

Conductive

L
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==
\\—— Anode
; Substrate




Flexible and White OLED

FLEXIBLE OLED WHITE OLED




OLED Technology

Evaporation and Shadow Masking

Substrate Holder

Shadow Mask

Organic
Matenals Source




OLED Technology

Inkjet Printing and organic vapor phase deposition

INKJET PRINTING ORGANIC VAPOR PHASE DEPOSITION

Piezo Inkjet Heads

"'

Red

Emutter‘

Green Blue Scurces D | D | B |00 tseeen
Hydrophobic With —t———

Emitter EMlttEf
‘ ‘ Banks Organic
Matenals

Substrate

1 Valves




OLED Application

OLED TV
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What is a MicroLED

Mini ED" | MooleD 3

Limit Limit:
~100-150um ~50-100pm
—~~
o 2
3 § ! MOLE Scope of the report |
O o
&
] =\ - . :
> mm | mm 150 um 100 pm 50 uym 30 pm 10 um 2 uym
- - > - »

ES

N X
Lumileds Rohinni Sony X-Celeprint Playnitride

Packaged: SMD, through hole
(smallest packages: 0.5 x 0.5 mm?)

SMD or Chip on Board Package-free:“Chip On Board” only

Assembly
> >

4 m .

Samsung - Rohinni ony VueReal

Low pitch LED videowalls,
MicroLED displays

Packages
+ (Not to scale)

Applications

Low pitch LED videowalls, LCD and
keyboard backlights

General and specialty lighting, LCD
backlight units, LED videowalls



What is a MicroLED Display?

. GaN macro LED ’ GaN micro LED array
e Also known as micro-LED, N i N
raditionally 350 - 1000 um 0 pm array

mLED or pLED. s—ﬂ»; e
* MicroLED displays comprise ! i i E%a

several microscopic LEDs,
which self-illuminate per
display pixel - just like an OLED
(Organic Light Emitting Diode)
panel would, only MicroLED
uses inorganic material.

JR _ | LED |
II\/Ilcrc;L:ED feﬁtures mlnlatu.re :::::::::
engt essft an 1r?0 |I1m.V|a :::::::::
massi traTs gr te(I: noggy ::::::::: MicroLED
um—eve trio-color RGB 4434444+
MicroLEDs are moved onto & o0 o0 o
, , ® 00 00 © =
substrate , creating MicroLED ® 060 006 © 1
. . . : e 60 00 © —
display in various size. e o0 00 © 100
® 00 00 ©
® o0 00 ©
® 00 00 ©



Timeline

MicroLED DISPLAYS TECHNOLOGY EVOLUTION
Passive matrix uLED Displays

B _ Color pLED Displays
SIS T - CO St Active matrix yLED Displays - High PPl (> 1000) uLED displayss,
o Texas State: microdisplay (JBD...),
E High Jasper/Glo TFT uLED (AUO,
o resolution VGA RGB Playnitride),full RGB
& dl- PO l 640x480 microdisplay microdriver (X-
YYYYY YT, active matrix N [ 3l Celepring) prototypes

1999 2000 2001 2012 2017

7t sva’a’fm

| SURSTRATE
wice, o Sony.
Micro-led arrays with 55" FHD
enhanced light extraction University of Strathclyde: HKUST: Full color with  microLED TV at LETI: Monochrome active Ostendo:
active matrix and color phosphor conversion 2012 CES matrix > 2000 PPI full RGB 5000 PPI

1 ll'\YOLE conversion ‘



——— Production methods for micro-LEDs

i 0 cio
* The art of making uLED displays consists in processing a bulk LED substrate into an array of micro-LEDs which are
poised for pick up and transfer to a receiving substrate for integration into heterogeneously integrated system: the

display (which integrates, LEDs, transistors, optics, etc.). Epiwafers can accommodate 100's of millions of pLED chips
compared to 1000’s with traditional LEDs.

* The micro-LEDs can be picked up and transferred individually, in groups, or as the entire array of 100,000's of
pLEDs:

Low to Mid Pixel density: Pick and Place High Pixel Density: Monolithic Array Integration

Laptop/ Wearable Smartphones
Tablets

=8 § " 8

Monolithic

integration of
uLED arrays is
preferred for

the realization
of displays

with high pixel
densities.

{ ¢ Si-CMOS Backplane

|
b e
i' =
{
f Hyb ridization
| Vevervevey

‘JLED cp,wurcr i ‘!'

{
|

, NYOLE
\}'\YOLE LTPS or Oxide TFT backplane HLED epiwafer ) ot

Pixel Per Inch

o 0 1000 2000 3000 4000



Substrate

100 - 150 mm

Sapphire

200 - 300 mm
Silicon

yMOLE

Major manufacturing technology bricks

—»0 Epi

Mask
Aligners

i

- f
Epitaxy & wafer Sy Pixel Assembly
processing
Monolithic
Amrays

* Hybridization
*  Monolithic
Integration

Massively
Parallel Pick

and Place

Electrostatic
* Electromagnetic
* Magnetic
*0 + Adbhesive...

Semi-

continuous

* Fluidic assembly

* Fim cartridges
* Flexographic
* Laser...

[1]: need Known Good Die (KGD) map and addressable transfer process

Light Extraction
& shaping

Die Level
(shaping,
mirrors)

Pixel
Driving

Pixel bank
level (mirrors,
black matrix)

r > 3 c
| vitch KGD o
*OBinnirw £
\ | s External optics ;
| trar __’Og- P * Oxide
y v
5
[¢]
o V)
L. AY
—0 Repalf' L ¥ _’h»'n!:gr-&rg
—

* Pick and replace
* Add repair

MicroLED Displays | Sample | www.yole fr | 82018 ‘




MicroLED and addressing structure

Ligh_tt A

Planarization Layer :
(Also known as Interlayer Dielectric: ILD)

.. _Pixel bank

-
-

>

Transparent electrode

Passivation

Frontplane

Deva'vopenan!

Backplane

Backphlne substrate (Glass, metal phstic)

Cross section of a microlLED display subpixel



MicrolLed Display Manufacturing Challenges

Source: MicroLED Displays 2017 report Yole Développement

_ Color
Light Conversion

extraction and Bac.k;.blan.e

beam shaping Hybridization
Massively Parallel Defect
and High Accuracy Management

Pick and Place and 'Igestin
Technology .
LED Technology MicroLED supply Chain

(epitaxy, chips) Displays



TFT-LCD vs OLED vs MicroLED

Technological type

Contrast ratio

Lifetime

Response time
Operating temperature
Cost

Energy consumption
Viewing Angle

PPl (Wearables)
PPI(VR)

Back light/LED

Self-lllumination

Self-lllumination

5,000:1 0 0
Medium Medium Long
ms uS ns
-40 to 100°C -30t0 85°C -100 to 120°C
Low Medium High
High Medium Low
Low Medium High
Max 250 ppi Max 300 ppi Above 1500 ppi
Max 500 ppi Max 600 ppi Above 1500 ppi




Applications of MicroLED

Smart Watches and
Wearables

Virtual reality

Augmented/Mixed
Reality

Automotive
Head-Up Display

Large Video
Displays

8K UHD TVs
Smartphones
Laptop/Tablets

N\YOLE

y Développement

350

300

N N
[=] 1%
o o

Million of units
G
o

>

6,1

2017 2018 2019

B Smartphones ™ Smartwatches

18,9

L1

2020

Tablets

2021 2022 2023 2024 2025

AR/MR* H®Laptops HTVs

B Monitors B HUD®*

G% U
MicroLED display volume forecast - Aggressive scenario
(Source: MicroLED Displays 2017 report, February 2017, Yole Développement)



Conclusion
.= TFT-LCD, OLED, and Micro LED differ =

Potarizer [IITTITHTIITTITIITIITTTNTININ]
Glass Substrate

Color Filter |

Liquid Crystal Solution e

Glass Substirate
Polarizer [ITTTTTTITTITINRTTTINITINNINTIT]

Backlight Module

Encapsuation
Electrode

e seve [
Organic Light-emitting Layer

st e

Electrode

Substrate

Film or Glass E————————————————————————x)

RGB Micro LED -

Electrode
Substirate
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Quantum Dot Size and Color

won 3§ 3 2

color

Quantum Dots 2nm 260m Q) 3nm om 6nm
Size dependent

Fluorescence

< 5-10mném >
CdSe Quantum Dots drawn to scale Typical Protein



White LED vs Quantum Dot




High Color GAMUT

BFOLED  (100%)

LEN

-—q" :
’o\

-

NTSC CIE 1931




On-& In-Chip type of Quantum dot

Light Guide Plate

Reflector



MicroLED + Quantum dots

(b) '
w -

The process flow of the full-color emission of quantum-dot-based micro LED display.



White LED vs Quantum Dot-LED

@K YAGE K #)

H— H— : EﬁlﬁED L‘IGHT'



On-Edge type of Quantum dot

Light Guide Plate

LED QD

Optics



Types of realization

Partial GOmL[JDf with White Full Gamut with Blue
LEDs

LEDs

D Light guide film/plate

White LED Reflector

Color 1IQ™ Solution

Color 1IQ™
l I Light guide film/plate

Blue LED Reflector




On-Surface type of Quantum dot

, B (ot Y SR T AT
A% }' J*-:é“ﬁ;’w‘(

‘#&a‘k&x A ol St
l Light Guide Plate

LED



Types of realization

Liquid Crystal
Display (LCD)

)/Optical films

Backlight unit(BLU)

CFQD quantum
dot film

Backlight Unit (BLU)
Quantum Dots

light
guide

QDEF™ reflector
back plate
blue

plate | eps



Comparison of Quantum Dot Display

Conventional On-Chip On-Edge On-Surface

QD- LED+QD LED+QD

Structure WLED+LGP  LED+LGP  Optics+LGP Film+LGP

Players All -- QD Vision Nanosys,
Nanoco

TV makers All -- TCL, Hisense Samsung



Conclusion

® A new nano crystal material
® High efficiency, low power
® High Color Gamut

® Do not change conventional LCD
Manufacture process

® Superior to WLED light source
® \Wide adoption in TV and monitor market



