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Our Recent Work
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Electron Injector

Contrast Enhancing Material

Electron Transporter

Host + Dopant

Hole Transporter

Hole Injector (Buffer)

ITO or Silicon

Glass

Over the last 10 years, we made over 2500+ ETL, 400+ EIL,
100+ Li Complexes, 600+ emitters, 100+ hole transporters and
9000 OLED test panels (100 mm x 100 mm).
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Market: Oled Materials
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Current Market
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Organic Electroluminescence
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Hosokawa et al.
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PLED Configuration Small Molecules OLED Configuration
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Device structure of Polymer-OLED (PLED) (C ‘ D‘T

/IL = Hole transporting polymer

sse|o

~65nm ~15nm

1. LEP thickness and carrier mobilities = Optimum RZ and outcoupling
2.

3. HIL and ITO thicknesses = Colour and outcoupling

4.

Introduction of iLL = Hole injection, efficiency and lifetime

Electrodes / charge injection layers = Stable electron/hole injection

OLEDs Summit 29 September 2010 © CDT 2010
[ ]
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LCD’s vs. OLED’s
The Complexity of LCD’s vs. The Simplicity of OLED’s

Data driver chips

Data driver chips

Gate driver chips
Printed drouit board

Gate driver chips
Printed circuit board
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Polarizer Diffuser
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TFT Glass

Color Filter Glass
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The birthplace of Organic ELL |
HEELEEOM

1 Curved OLED v
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LG £1850 (5 year guarantee) Samsung £2400



Konica Minolta, 15 000 flexible OLEDs, TULIP Festival

Konica Minolta’s OLED Lit Signage.



Spectral Output

Light Free of
SDECtrum Flicker
source Hg ing Glare UV IR

] T

5,953 K i LIIED bulb

76 CRI ! 1 yes yes no no yes
1
i :
1

5363 K | Compact/fluorescent lamp

85 CRI | no no no no yes
X
: !

2,250K | Incandescent bulb

100 CRI i ! yes yes no yes no
' i

1,914 K i i

83 CRI ! C:andle yes no no yes no
i i
i | ,

1,920 K i C::lndle light-style O

85 CRI ! : yes yes yes yes yes
| :
II

300 3I50 }100 450 : 500 550 600 650 700 750 ?306
< l € I wavelength (nm) —_—
uv blue infrared

J.-H. Jou et al., Advanced Functional Materials, 23(21), pages 2750-7, June 6, 2013



Parameter

Incandescent

CFL

Inorganic LED

OLED

( \(\

—
E fficiency/ 8-15 50-80 30-100
Im w1
CRI 100 70-80 40-85 85-90
Lifetime/hours 800 10000-20000 15000-60000 20000
Consumption High Low Low Low
Cost
E nvironmental Bad Bad Point G ood
Impact Hg, UV, Poor CRI S ource Planar/ Diffuse

Fawr

50-80CRI

Standard Warm White Fluorescent
Standard Cool Wihite Flucrescent
6070 CRI

Preenium High Pressune Sodium
Coenventional Mewal Hatide

Better

70-80CRI
T hvin Coat Tri-Phospher Flucrescomt

Best

80-90

White High Pressure Sodium

Warm Metal Hatide

Thick Coat Tri-Phospher Flucrescent
S0-100

High CRI Fruorescerns

Incandescenrt and Turgsten-Hatogen




Efficiency : LED’s vs. OLEDs
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EL Materials
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Organic EL Materials
(AC or DC operation)
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Inorganic EL Materials

(only AC operation)
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- ! l l |
#y-N Metal Rare Earth Oligomers
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Fluorescent vs. Phosphorescent Emitters

Py I

N

C545T

1) L —1 3
]:I§|N'}_|H} @triplet exciton {TN} +41

radiative non-radiative
decay decay

» Complete conversion of singlets to triplets
* Potential for 100% internal efficiency in OLEDs



50 cd/A at 1000 cdm=?

1

Phosphorescent Green (20 g)

B\
22 cd/A at 1000 cdm2

Purity Level: 99.98% _




Aax 502nm (DCM) Anax 520nm (DCM)
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= — /N
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L , B ,
Apnax 526nm (DCM) Amax 528nm (DCM) « \\,'(

Ref: P. Kathirgamanathan, R.Price, S.Ganeshamurugan, G.Paramaswara, M.Kumaraverl, A.Partheepan, S.Selvaranjan,
J.Antipan-Lara and S. Surendrakumar., Patent No: WO 2005/080526; Priority date: 14 February 2004
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Phosphorescent Materials
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Ref: P. Kathirgamanathan, R.Price, S.Ganeshamurugan, G.Paramaswara, M.Kumaraverl, A.Partheepan, S.Selvaranjan,
J.Antipan-Lara and S. Surendrakumar., Patent No: WO 2005/080526; Priority date: 14 February 2004



Excitation and Emission Mechanism: Rare Earths

Lanthanide or
actinide excited

absorption

. . states
Excited Excited
R singlet triplet
— ———————
2
A:Tb — O=P—N=P-@-R
ligand ligand
s fluorescence phosphorescence ]
- Trapped
(1) R states
Lanthanide
Fluorescence
Ground state Radiative
Singlet emission Non-radiative
Radiative (fluorescence) emission




PL and EL Spectra of Tb(lll), Dy(lll), Eu(lll) & Sm(lIl)

PL, EL Intensity / a.u
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Intensity / arb.unit

0.10

0.06

0.02

Intensity / arb. unit

Electroluminescent Spectra of

Electroluminescent Spectra of Selected Fluorescent
Red, Green and Blue Materials

v v v El101+Blue Dopant-1 [(X, y) = 0.209, 0.297]
El101+Blue Dopant-2 [(Xx, y) = 0.176, 0.241]
E246+Green Dopant [(Xx, y) = 0.291, 0.674]

E246+Red Dopant [(Xx, y) = 0.63
E101 [(x, y) = 0.178, 0.366]
— Super Blue [(X,y) = 0.150,0.290]
— Hyper Blue [(Xx,y) = 0.175,0.177]
— E122 [(X, y) = 0.154, 0.063]

H
o
W
0
3

Wavelength / nm

Selected Phosphorescent Materials (Super Colours)

Super-Blue (E165-CN)
(x,y) =0.14, 0.26
Super-Green (E255a)
(x,y) =0.33, 0.62
Super-Red (E355a)
(x,y) =0.67, 0.33
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Electroluminescent Spectra of Selected Rare Earth Chelates

E201 [(x, y) = 0.307, 0.615]
0.12 || = E301 [(x, y) = 0.668, 0.329]
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Conventional vs. Thermally Activated Delayed Fluorescence
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3T,

Metal free !

ACZTPN: R =H
4CzTPMN-Me: R = Me
ACzZzTPN-Ph: R = Ph

Uoyama, Goushi, Shizu, Noumura and Adachi, Kyushu University,Nature, 492 (2012)234




Conventional vs. Thermally Activated Delayed Fluorescence

4CzZzTPN-Me
ACZTPN 4ACzTPN-Ph

4CzPN
4CzIPN

4CzPN: R = carbazolyl (O
2CzPN: R=H

Nomnalized photoluminescence intensity

2CzPMN
4CzIPN
—_— ACzPN
—_— ACETPM
—— 4CzTPN-Me
4CzTPN-Ph

Wavelength (nm)

600 Fo0

ACZTPN: R =H
4CzTPMN-Me: R = Me
ACzZzTPN-Ph: R = Ph




Red Emitter,
Current Efficiency, 1 cd/A

Samsung’s Patent

Analogous Ag complex was also reported.




HK University

next =11.6 %

nl =39 cd A-1 | |
np =27.2Im W-1

X,y =(0.19, 0.32)

next =12.8%
nl =36 cd A-1
np = 26 Im W-1
X,y =(0.29, 0.37)

ACS. Commun, 2011, 133, 10348-10351



Normalised Intensity
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REC 2020

Colour NTSC Rec 2020

Red (0.670, 0.33) (0.708, 0.292)
Green (0.210, 0.710) (0.170, 0.797)
Blue (0.140, 0.080) (0.131, 0.046)
White (0.310, 0.316) (0.3127, 0.3290)
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Red Qoleds Based on CdSe/ZnS
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Performance Data.All ©

ata at 1000 cdm-=2.

Colour | Fluorescents | Phosphorescents | Polymers/Dendrimers | Quantum Dots
(V) (V) (s) (s)
Red (0.65, 0.35), | (0.64, 0.36), (0.63, 0.37),
300-500 kh, | 330 kh, 350 kh,
10 cd/A 30 cd/A, 22 Im/W | 30 cd/A
Red (0.69, 0.31), (0.67, 0.32) (0.69, 0.31),
250 kh, 200 kh, 2 kh,
17 cd/A, 10 Im/W | 11 cd/A 15-20 cd/A,
15 Im/W
Green | (0.29, 0.61), | (0.34, 0.62), (0.30, 0.63), (0.17, 0.73)
65 kh, 400 kh, 140 kh, 2 kh
31 cd/A 78 cd/A 50 cd/A 70 cd/A
50 Im/W 50 Im/W
Blue (0.15, 0.14), | (0.18,0.40), (0.15, 0.14), (0.16, 0.05)
50 kh, 20 kh 21 kh 0.01 kh,
10 cd/A, 50 cd/A 6 cd/A 0.55 cd/A
5 Im/W 30Im/W 0.26 Im/W




Displays Development
Solciet (ULVAC)

f .

Solciet — £1 million (100 mm x 100 mm), Tact Time: 1-2 hours

Satella- Cluster tool , £3 million(200mm x 200 mm), Tact Time: 30 minutes

Zelda — Mass Production, £20 million (400 mm x 500 mm), Tact Time: 4 minutes
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Red and Green Quantum Dot Based LEDs
(QLEDSs): Towards Achieving REC 2020 Color Coordinates
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Our Recent Work

http://youtu.be/DOWV1R9RfIO

http://youtu.be/Ws76e-AAADI

http://youtu.be/SKlsneiOk4A

http://youtu.be/p4aDAKkC61Wk

http://youtu.be/RgoMnroRnhc

http://youtu.be/HGHQ-f74NAA

http://youtu.be/UWKo0JjViOUQ

http://youtu.be/OC-nUMKMOFc
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http://youtu.be/UWKoJjViOUg
http://youtu.be/QC-nUMkMOFc
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Quantum Dots

~ What are quantum dots ?
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Synthesis of CdSe Quantum Dots
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Vacuum level

B. S. Mashford et al, Natmre Photonics,
7, May 2013, 407.
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Optimum Thickness: 45 nm of QD
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Max. EQE: 3.46 %

Max. Brightness
: 3,900

Energy Level

EL Intensity (a.u.)

Direct Carrier Injection

& Efficient Exciton Recombination Wavelength (nm)

J. Lim et al, ACS Nano., 7, 9019 (2013)




Mean: 9.011328 nm
Mean: 8.859485 nm Std. Dev.: 2.265977 nm
Std. Dev.:  2.582179 nm Max: 14.90578 nm
Max: 12.62415 nm Min: 5.368823 nm
Min: 3.923416 nm Num. of
Num. of Measurem
Measurem ents: 15
ents: 12 CPUTime: 7.4 sec

CPU Time: 9.5sec

Mean: 10.33649 nm
Std. Dev.:  3.158291 nm
Max: 15.89002 nm
Min: 4.66029 nm
Num. of

Measurem

ents: 13

CPU Time: 2.3 sec
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Conclusions:

1.Highly saturated red (0.712, 0.288) and green [Two types, (0.118,
0.665) and (0.186, 0.738)] QOLEDs have been demonstrated.

2. Life-Time in excess of 1000 hours has been obtained at 1000
cdm
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High Triplet State and
High Tg Hole Transporters:
High Performance at High Luminance
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High triplet energy HTL (E; > 2.8 eV)

* Triplet exciton blocking: No triplet exciton quenching by HTL

High triplet energy ETL (E; > 2.8 eV)

* Triplet exciton blocking: No triplet exciton quenching by ETL

High triplet energy host (ET > 2.8eV)

High efficiency blue dopant (ET ~ 2.7 eV)

Efficient energy transfer to dopant

Little back energy transfer from dopant to host

Deep blue emission
High quantum efficiency

Prof. Jun Yeob Lee, IMID 2014




Ideal Device Design For Phosphorescent OLEDs

Triplet energy
diagram
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HTS Series - High triplet energy
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m-MTDATA

Hole Transporters

o-NPB HOMO: -5.4 eV
LUMO: -2.4 eV

Hole T, u, (cm? Vts-b
Transporter | (°C)
TPD 61 1x103
o-NPB o8 1x 104
m-MTDATA |75 2.7 x10°
Spiro-tad 133 1x 10

Spiro-TAD
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HOMO-LUMO values of Hole Transporters
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Energy band diagram
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Solution Processed Devices

HTS-8 in Chlorobenzene HTS-8 in Chlorobenzene HTS-08

(Normal light) (Under UV light)

Device structure: ITO/PEDOT:PSS(40 nm)/HTS/TCTA:TPBi(3:7):Ir(ppy),acac (10 %)(20 nm)/TPBi(30 nm)/LiF(0.5 nm)/Al



Device structure: ITO/PEDOT:PSS(40 nm)/HTS/TCTA:TPBi(3:7):Ir(ppy),acac (10 %)(Total thickness 20 nm)/

TPBi(30 nm)/LiF(0.5 nm)/Al

< 3 20000 80 1
—o— ~50 nm —&— NPB ~50 nm —_
E 2 :::-OZEIOnm HTS-08 ~10 nm < 70 HTS'11
< 1 HTS-011 ~10 nm o HTS-011~10 nm S g
é 0 § 15000 \0; 60'.
? 1 / g 8 50
c B 2
S 2 O 10000 Qo 40 L ol S SN
9 3 © E
c°l :' < W 30
T 4 o E = | L 0-NPB
5 3 5000 L 20 ’F
o5 d 5 —®  NPB ~50 nm
O -6 o O 10 ’E HTS-08 ~10 nm
(@) s Y HTS-011 ~10 nm
- 7 A " A A 0¢ o , 01 | |
4 2 0 2 4 6 8 10 0 2 4 6 10 0 2000 4000 6000 8000 10000
Voltage (V) Voltage (V) Luminance (cd/m?)
80
— t —®—  NPB~50 nm Maximum @1000nits @10000nits
; 70, HTS-08 ~10 nm
E HTS-011 ~10 nm HTL VT Vb
£ v | v | cE P/E CIE P/E CIE P/E
> 50 cdiA) | mw) | (cd/a) | ammy | cdia) | (imw)
o
.= 40
;g NPB ~50 nm 2.48 4.66 58.93 68.07 47.02 31.70 35.89 18.93
I 30
o 20 I 3.01 4.75 40.66 25.85 38.92 25.73 36.49 15.77
= |
8 10 ’E HTS-011 ~10 nm 2.65 4.11 70.75 69.29 68.95 52.71 58.81 29.07
od ‘ ‘ ‘ ‘
0 2000 4000 6000 8000 10000

Luminance (cd/m?)




Improvement of efficiency of HTS-11 over o.-NPB
(VTE)

Luminance/ Improvement inilmprovement in

cd m2 current Power
efficiency efficiency

1000 47% 66%

10000 64% 54%
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