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Merck Broadest portfolio for the display market
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LC materials Reactive Mesogens LED Materials Organic TFTs
Innovation for the Improving image For bright, energy- For flexible and robust
next technology quality in energy- efficient and vivid displays

generation saving displays color B/L

- —
_
Quantum Materials Photoresists Siloxanes/Silazanes
Revolutionizing Major leap in color Creating more pixels For low-k dielectrics
display and lighting and peak brightness with wider process & ultra-thin barrier
production margins coating
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Trends drive display development

outdoor
rReadability

« LCD vs OLED

« Quantum dot

« High Resolution Patterning
« Light Management
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REETLELOLEDFTLEDLLE

—OLED LCD (w/o QD)

Dynamic Range

Brightness
Black

Price
4 1:10,000
Screen Size contrast -
2
1:1,000,000
1 ' L :
Energy Saving 0 Resolution - LCD -
Life Motion blur
Productivity HDR

Color Gamut

Source : CNet by Geoffrey Morrison (April 12, 2017)
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AER) (I DERE

OLED —LCD (w/o QD)

Brightness

Screen Size contrast

Resolution

Energy Saving

Life Motion blur

K,

Color Gamut

Productivity HDR

Source : CNet by Geoffrey Morrison (April 12, 2017)
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LCD (light leakage at black state)

PLZ1

A

A 4

PLZ2

Polarization rate

| >

PLZ2

Viewing angle and light leakage
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2D local dimming for LED B/L
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LCD image

B/L input

LCD local dimming driving

28230 JAMRUN-3BES RHTAATILAORIA | January 2018

OLED



OLED®DR=E

N1/ N1/
SO e o e
Small OLED G G " A
T . BECES
(Top Emission) TFT RERDHUME (#125%) OELE — EIFREE
EEEN (FAOX) (RMAIZVII3>hS5bhyITIZvEI3>A)
FRSAR (RAR + KABEAR)
HS5—TaILF—DFE (RGBEDIT. =2FRvY MNMIKIEBZEH)
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Large OLED

(Bottom Emission) - - -

W-OLED
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OLED vs LCD VA vs LCD IPS

HDR Peak brightness (10%)
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HDR Peak Brightness (100%)
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https://www.rtings.com/tv/learn/permanent-image-retention-burn-in-lcd-oled
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Samsung Galaxy OLED resolution trend

Technologic trend of AMOLED Galaxy

700
600
500
s 400
: e
Q
8 300 f _
.
100
52 LTE $2 HD LTE 53 54 55 56 S6 Edge  S6 Edge+ 57 57 Edge 58 59
— 207 316 306 441 432 577 577 515 577 534 568 572
——Real PPI 207 210 204 294 288 385 385 342 377 342 377 377

Source : SID2018, Session 75-2 and 75-4
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Why better color gamut with QMs

4 Standard ) 4 White LED BLU ) 4 Color filters ) /LCD Spectral output\
system
4 . ]
White [
LED
N L
\_ 2N 2N DZ2ANG /
4 QD Film with N Spectral output of N Color filters ) /LCD Spectral output\
standard color Quantum Dot BLU
filters
QD film b ¢ . -
Blue . .
< . \
- 2N 2N 2N /

With traditional white LEDs, the light source doesn’t exhibit separate peaks for each primary color.
The color performance of the display therefore relies on the color filters and a lot of light is left out.

Quantum dots are well suited to enable narrow sub-pixel output spectral distributions: they produce
narrow output spectral distributions that are easily tunable in peak wavelength to match LCD color filters.
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Quantum dot

Core — CdSe, CdS
Shell — ZnS, CdS, ZnSe
Amphiphilic surface

st @ @ses
" @znicd @5/se

Color Control by QD Particle Size

4NM

3INM

Core Size 2NM

L4
0.0
-r.‘
Number of Active Centers 30D ATOMS
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150 ATOMS
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400

Cds

/nSe

500 600 700

CdSe CdZnSe alloy

CulnSz AglinS2

Cd system : QD Vision

Cd/Cd Free hybrid (RoHS<100ppm)
* Nanosys

Cd Free (quantum efficiency < Cd system)
« Nanoco Technologies
¢ Quantum Materials

Wave length A (r‘m]

PbSe/Te

PbS

InA
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Quantum Dot X Ligands X Formulation x Device Desigh = Performance
(ink, PR)

QDI1IL L - LCD (B—LED)

= _7r - OLED (W-LED+C/F)
QD 7]? £ - OLED (B-OLED)
N - WLED (B-pLED)

Y -F
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~2/3rds of light lost in color
filters

ey 1 J aocc
| | || | o

Significant luminance boost
compared to QDEF

Much greater viewing angle
compared with traditional LCD

Source; SID2018, Session 41-5 nanosys
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Conventional vs. Quantum Dot - Pixel Color Converter (QD-PCC) LCD

Conventional LCD

Polarizer
R/G/B CF  CHEND i CE

PI layer

LC layer
PI layer
TFT layer
Polarizer e

White backlight )
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QD-PCC LCD

Possible layout

Antireflection %4 A Pol.
Light out-coupling
UV/Blue recycling filter

R/G/B QD (or scattering) layer

Yellow recycling filter

In-cell polarizer
Protective layer
PI layer

LC layer

PI layer
TFT layer

Polarizer
UV (or blue) backlight
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Quantum Dot - Photoresist
Merck Patternable QD Photoresist solutions

Benefits

Green

Environment friendly:
Cadmium-free, higher energy efficiency

Process

Photo-patternable with standard color filter technology
but high material loading required to achieve high
optical density

Cost reduction
Use of existing equipment

Innovation

Appearance like an emissive display, high brightness

‘%zso@ TANRIR—BES BHFATLAOEK | January 2018 MCRCK



Quantum Dot - Photoresist
Ink-jet printing of Merck Quantum Materials

Water-based ink Benefits

Green

Environment friendly:
Cadmium-free, higher energy efficiency, less waste

->

230 pm Process

Patterning by Ink-jet technology in principle possible,
“coffee ring” effect occurring for organic solvents could
be solved

Same bank structure 74 pm
as used for OLED

Solvent-based ink ]
Cost reduction
Coffee ring

effect a

Optimized

Use of printing technology, less waste

200 pm Innovation

Appearance like an emissive display, high brightness

QO
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Non-Transparent Factors in high resolution trend (smart phone)

5.5” FHD 6” UHD
iPhone 6 plus 734 ppi
100% NUPR
FEDEB T ) 77

90% pra
80%
70% BM (7‘5 WO MJwWIRX)
S0% 7/]’%/ rN—=>>
30%
20% - m— _
0% BM (O>4572 I\/T\—)l/)“ —

0%
400 500 700  (ppi) -

mC/H mTFT mBM = Aperture

Source : SID2015, 63.1 An Ultra High Density 736-ppi LCD using IGZO platform, Sharp
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-

A
6 Extension of conventional DNQ/Novolak platform
iPhone 6+ ind7{-’\ir
5.5” .
1,920 x 1,080 2,048 x 1,536
(401 ppi) (264 ppi)
FHD

High
resolution PR

Conventional
PR

R: Design rule (um)
DOF: Focus margin
Critical process

\

Patterning energy (dose)
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: margin vs.
: resolution
| /
: ¢ Shorter wave UV
; * New exposure tool
: . I+ Mask technology
it < |
REE)TH 1> 1.2 um 1.5 ym 2.0 um 3.0 um
Design rule
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Novel High Resolution Photolithography Process
Exposure tool for display fabrication

20N 2012 2013 204 201S 2016 2017

FX-66S FX-67S MPAsp-E813T
\ |

3.0um

2.0um

Source : https://canon.jp/ and https://www.nikon.co.jp/

A 4
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Merck OEfEHTIARNIYI S T4 AOEDHEH

DNQ/ /KNS w TR DistaH1E R EF T O R

CulitifN\DEEME (OITwv hITwvF)

- BREAL - {bF1EIER  (*FPD-CAR) J\—J k=270t

- JOJ7A)L (RSAITvF) - BEFMGE/TTOEX
— = . ZOAth

Cu adhesion PR

*CAR: Chemically amplified resit

A 4

J

After wet-etching

1.75um L&S
(Conventional equipment)

Conventional PR

Conventional PR solubions
For
Future new devices
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Feature size (pm)

.--

Example CAR system

CCI,
'n m N=<
o \ N
CH 0 N_/<
o)\ ccl,
~
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PEB-free Chemically Amplified Resists for FPD production

CAR Coat Exposure Development

* Merck is developing PEB-free chemically amplified resists for next generation FPD
production.

 Developed PEB-free CAR system with good post exposure delay stability. Resist thickness
1.3 pm

Mask design

PEB-free CAR (sample) — Post exposure delay stability (L/S)=1:1

Exposure
ASML i-line stepper
(NA=0.48)

Development
2.38% TMAH 60 sec

1 um_L 0.8 pm_L 0.7 um_L 0.6 um_L

‘%230@ TJAMRURY—3B5ER ®RFTTIATLADIRIR | January 2018 MR K




AR=Z - R=)LOmER{E7 07X (RET: Resolution Enhancement Technology)

FPD RZBILZX b

L2 N — SRk ——  (DNQ-JRSwD)
|
X - ... Merck RET material
i =
|
~ S5/ BRI
SHSOR=T L Akl

T T e

I
<L
[&Fk (U X) ) C
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Novel High Resolution Photolithography Process
Merck Display RET material

PR Process

Original Resist Pattern Original Resist Pattern

AQO.3um
After RET After RET

Development

RET Process

Mixing bake: 100 C
Development: Pure Water
2nd Post bake: None
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Novel High Resolution Photolithography Process
Contact Hole Shrinkage

PR Process RET Process
Film thickness: 2.4 ym Mixing bake: 120°C

Exposure: Nikon FX-604 (NA=0.1) Development: RET developer or
g+h line stepper Pure Water
Mask size: 3um Hole 2nd Post bake: None

Contact hole shrinkage by RET

AO.3um
AO.5um

RET A RET B
m Original PR Hole = After RET Hole

‘%230@ TANRIR—BES BHFATLAOEK | January 2018 MCRCK

Original Resist Pattern Original Resist Pattern

3.2
31
3.0
2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2

Contact hole size [um]

After RET A After RET B
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8K resoluon
About 33 MEGA
pixel(7680 x 4320)

=1%RE
SSIEEX R E U CEBIREN E FEFE DR
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High resolution(8K)

| Ex:1o)) | ¥ SR

G Lines 1080 2160 4320 8K resolution

SG cross oM 8M 33M « Shorter 1H
1H@120Hz(us) 7.6 3.8 1.9 * Larger Time
Time constant 1 4 16 Constant (RC)
(RC) ratio

Charging ratio depends on

(Signal line resistances

(2Signal line crossing
capacitance *

@ Parasitic capacitance
(Cgd) of TFT

Required technoloqy

+ High mobility
& Minimum size TFT
« Reduction of Capacitance
* Reduction of Wiring Resistance

Source : Session 53-3, SID2018

TFT (REIE{EETRE/NER & U THA LD HE1K)
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Data Line
N N . at 100 inch display
§‘9\\\\\\\\ \\\\\\\ ceete 100 Novel- TFT .
N | o0 | 1
. e Line ’O\_Q\ 80 f M‘#
T4 E 70
w 60
o 20 a-Si TFT
&
= 40
_c;u 30
g3 120Hz 60Hz
10 |
0 1 2 .3 4 5
| Turn-on time  (us)
Cas! " 1Cop!
AL (overlap) Source : Session 53-3, SID2018
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50” TFT-LCD with Cu bus line

vo Ri R, . R; Ry s
8k4k (= AN - AN l AN :L AN i
100 7680x4340 L @
—\ —_— Cpy LCp, 1Cp; 1Cp,
sate
4k2k

Ty 3840x2160 Full
Na Full HD \ / charge
£ 10 1920x1080
L
= HD /
= 1366x768 ! Date (Source)
-Q ! ]
£ \ o
by y V0TV Fragary
g, / RC delay I
5 i LU
g 240Hz single scan 4 e = == ' .E.
v | Gate signal ’ Pyl

120Hz single scan === = = == - — - initial * _i E

120Hzdual scan === 77— ——=—=—- ! 1 4

0.1 T T 1
0.1 1 10 100 Delayed Gate ’
Number of pixels (M) signal

Source: ITTC (international thin film transistor conference 2010, Matsueda)

2230[0 JAMRUY-2RiES ST ATLADIIR | January 2018 MERRCUCK




Type of TFT and Application

Remarks

Single Crystal Si Izlen;lteLCCIgISZ)e
Poly Crystal Si (LTPS) Lln‘élieé:le_slze

Amorphous metal Concern about

Oxide (IGZO, 1Z0O) reliability
Amorphous Si (a-Si)
Organic Under

Semiconductor development
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Oxide TFT Passivation (BCE Structure)

Pixel Planarization

/ Passivation

G

\ |

Substrate

IGZOD:RRE

1. NEETOHIGZO&ENY—4
2. IGZOERENS S AADIEREE
3. IGZOREEORETOLR
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Protective layer SiN

Protective layer : SiOx

Contact layer : SiOx

ZMBRERDOIOEA

Chanel PVD » | Wet
[
v
Source/Drain PVD > Wet

Via/Planarization

\4

Coating | Development

Cure + Annealing

Pixel Electrode PVD

v

Wet
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Summary of Coating Passivation for a-IGZO

Coating
passivation + Planarization

Sample

Un-passivated

7.4 1.6
11.0+ 0.4

10.1 £ 0.7

6.5+ 0.3 0.22
3.8 £0.1
3.8 £0.5

Mobility T 8.0 cm2/Vs = 11.0 cm?/Vs

Reliability T (PBS,NBS,NBIS)

Reliability after NBST

102 os T Os
—=—100s —=—100s

__10* —=—1000s : —=—1000s
< —=—10000s —<—10000s
w 10°
ke,
£ 108
Qo
S -10
s 107 : .
0] L f
s Wi . * (nP-SX2) (P-SX2)

10—14

20 -10 0 10 20 20 -10 0 10 20
Gate Voltage, Vgs (V)

‘%230@ TANRIN-ZBEER BFT(ATLAORIR | January 2018

8
. —Unpassivated
> 6 5nP-SX2
< +P-SX2
£ 4
<
2
0
0 E"'""""—"-"—"—__-__—_-_-_:-__—__-_________'______________'_''_''_''_''_"_"_==_=§:-7:::1‘=====3 ------ #
ﬂ-‘\_2 - S=a -
S 1
<-4 -— Unpassivated
3.5 -a-nP-SX2
-4-P-8X2
-8
0 100 100 1000 10000

Time (s)
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Merck Coating Functional Dielectric Materials

Printable
(print, inkjet, imprint, spray)

Negative Tone

Positive Tone

Thermal cure
Process

Half-tone Process

Low Rl (<1.4) Hard coat (>4H)
Performance i
high RI (>1.6) Thick and soft
high Transparency Low k (<3)
Light Shield high k (>4)

Electric conductive . .
Electric insulation
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