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1. High glass transition temperature (T )

2. Electrochemically stable
________ |L 3. Thermally and optically stable
'TO JHIL HTL EML ETL [Cathode 4. High electron or/and hole mobility
Surface treatment EIL 5. High photoluminescent
" s Rl f@j« 6. Formation of uniform thin films
g | 1670
_CuPe  mMTDATA Bathoouproins 7. Easy synthesis and purification
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Materials for OLEDs
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FE 4% 1 : Indium-Tin-Oxide (ITO)

- transparent and conducting

- highly degenerate n-type semiconductor (low
electrical resistivity of 2-4*104 Q cm)

- wide band gap( ~3.3 - 4.3 eV)

- oxidative pretreatment to increase the work
function of the anode ITO

- Lower the barrier for hole injection

o FEBZ A A £ EZITO:
TAARENEALRE; Bl F. EakER, XA ZBERMHE.
ITOFWERRFEERAZMAB LHWSn+4,

« HWEWEFMEFMEEBILEN:
EER; MART; REMREHHRE K.
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- Elemental metals
Mg ;Ca

- Metal alloys and compounds
Mg - Ag; Li - Al; ALO,/A

« Fluoride/Al
LiF/Al: CsF/A 19974 %, B /AR, TEFHK.

BA A% AT -

ERNEERTRENS AR, BARTHEARZRANEAREEAL, 2 BAEK
WANTENRHEOLEDE N A AR ENMERAFw, £EYEHARK, BFEARAL
7, RAKEBRAT; Wb, HRERK, AI/EBRFATHL2AMK, THEFF ENER
wheRD, BhFEREARANRE.

BR R :
BR, ZXREREEH, EFTFRK.
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+ optimize HOMO levels to reduce the energy barrier in-
between ITO/HTL

+ smooth the ITO surface to reduce the probability of
electrical shorts

- copper phthalocyanine (CuPc) , starburst polyamines ,
PEDOT:PSS , polyaniline and SiO, ---.

o e s A«

CuPc m-MTDATA
PEDT/PSS

1. EHHOMOREZ , FERITOFTHTLAY REAR =.
2. FRITOXKE, B HEFHDABE,
3. TEMHBAH: CuPc (BKESH) , m-MTDATA, PEDT/PSS
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aromatic diamine : good hole injection and transporting capability

electron blocking capability

Vac
Q EA

TBD, Tg = 60°C HTL

QLA
O
CH, ﬂ“\l"\]
QL QLD
A 1§
o L

m-MTDATA, Tg = 75°C «-NPD, Tg = 98°C PPD, Tg = 146°C

ITO ETL

High T, can insure stable and pinhole free film

L BERENFERERTF (BEAREBEFIHNTERX
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Alg3: AW =m %

good electron injection and transporting capability

hole blocking capability

S :

Algy

Tg=170°C HTL
thermally and morphologically stable

EA

AlOg Alg(Clg)z AliSaph-a)
Tg = 226°C

ETL

Mg/Ag

Vac

BT R ENEXR:
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2. REWRETEME, BIEANEZD;
3. RAWREHE, HEZEN.
4. FREEMEF A
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distyrylbiphenyl | DPT
Idemitsu Koss | Mitsubish
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Polymer OLED Materials

P-OLED device
Hole-transport
Hole-injection layer 4
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PL spectrum
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Conjugated polymers

= Polyarylenes,
PPVs,
Polyfluorenes, etc.

High efficiency.

Low voltage
Tunable spectrum
Fast response
Wide angle output Poly9.9-dctyfucrens)

F8

Tunable spectrum: T I,

(19924 % H W FFIHI0A KRR Z—)

1. —BRAIERREGY: AERBACHENNWEIEREY:
PPP, PPV, PAT, PTV, PNV, PPYV.

EH AR RAEREHRAE T HE;

ARG RTMENR,

RIEME, REK, Akl

RHEE, XERK/FOETHE, mbb, LA KA.
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Polyfluorene-based EMLs

PPV-based EMLs

Red

Blue Green

Green redish Orange

{ \
() _+G+

R, = Alkyl, Alkyloxy,
;%
n

Substituted Phenyls

Rz2=R; or H-, CHj, OCHy
Polyfluoride £ & tL.47

s —HAXLWERESY: EARBRCHENNEIHERAY:

PPP, PPV, PAT, PTV, PNV, PPYV,

G(een.

Yel
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Blue Emitters Importance of Blue OLEDs

* Few technologies in which the materials play a

™ /c jon') i
4 RGB Pixelation Cme OLED + CFD Color Conversion more important role than OLEDs.
White EML . . . .
Rea eyl | Blie EwL | | cathodo ] o * No material which is more important than

the blue.

* For the immediate future, blue fluorescent

CFA

material 1s the key.

« Need system approach & device optimization
to maximize EL efficiency and stability
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24eV
3.0eV

LiF/Al

NPB 3.2eV

ITO Alg3
5.0&\4.’

5.4eV

5.7eV

Band Diagram

#

Device Structures of OLED

1200A

Unit: A ITO
HJ-1
HJ-2
ITO
i Substrate AL1500
HJ-4
HJ-5
‘
Mixed layer 800
Unit: A (volume%%)
ITO NPB Alg3
ML-1 | Substrat 25% 75% LiF 12 | Al 1500
e
ML-2 50% 50%
ML-3 75% 25%
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Recombination Rate
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L-J Characteristics

EL Spectra
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Current Density (Ncmz)
200/1000 | | 400/800 | | 600/600 | | 800/400 | | 1000/200
HJ2->HJ3 - HJ4 > HJ1-> HI5 548nm | | 544nm | | 536nm | | 534nm | 526nm
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AM OLEDTE R T Z. &

TFT ETL
Passivation Anode EII'L
re— e
Gate Insulator Source Drain Gate poly-Si
Insulator Insulator EIL Alkali Baffer Layer

(N

HIL,HTL Metal
HTL, HIL Cath_Ode Cngl?lm(lc

- — —
s - m

R,G,B Encapsulation Basiccdnt
R G K Cap Glass —— f Il .
=2 = = Sen! Layer—

11
#
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AM OLEDTE R % Xt 2 7t i 1 OVPD

Evaporation cells

Vacuum Deposition

Oroamc
TFT £4K R E TS = E Soums Nz

Subitratc

I:I

' % '* * ‘ “ A " I Heatcr __SE‘Eﬂiad___

LI M

Cooled Carrler

1. OLEDEMFEABEZEEFRES EANEE, FENFEX REABHERENFG. EREZEE
FRAENHERNMBNEIA, WREIABZERIAMR, HARAEEEERTSREREE.
ITOHFERKEET MANREEEFER L, HTERXREN & BRBEREFZEEE.

2. EAHNMBHEREE—HAE170°C~400°CZ 5 . ITOR & & KB E £100°C~150°C. X REEELLFKE
BE~10dE % R /P (BFZ90.1nm~1nm/S) | X & IS iy E & JF 7£5X 10-4Pa~3 X 10-4Palit Z 48 I R K £,

3. AAMHHMAZENEFEMRAEREARMK ( (10%) . BEUNKERFHER . XEEETR
. RRBEZARFEARZIL, NUREFETERNERA ST ELFEBEER,

’/ Fine Metal
Shadow Mask

LY {
LYY 1Y ! 4
LY .y
s A

3! /i

Source
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4 & Bk & & Small Molecule Thin Film Deposition

« Thermal evaporation

Thermal evaporation Substrate —

\ | ine type evaporation source
! substrate |
Shad
I I [ [ [ [ Metal mask Vask | susials
[nonitor
Cathode Organics )fj'*z} 7 nsor shifter
material A H @ Q
F1%

MiRsarsotieel 1/ 1. 71

Point source B
» High deposition rate(>1 r,m)ﬂfgf}%

* Conventional Design *Larger substrates capability

*Small increase of the mask temp.

1. OLDHHFEATAZEZFRELEANEE, EENREX RABHERENEFSF. EREZEZFRASAMAKEANL
MREERS, WRERARXEAIMH, FANREREERGBREREE. 1TO FAERKEA T AR RITR
t, ATEXENSRRERERZEEAR.

2. SRERMEERZETRIRE. SRERBERERRGBENERSR, B AA YA R85 & AT RE.

3. ¥HRWE&RERRHEMg/Ag. Mg:Ag/Ag. Li/Al, LiF/AI %, FATE&ERAKENAERXAHE, EEEAHFE, UEA
TrRAWERRERZER (FERGLEALBERELBRUFERA) .

4. LBEBRMHHNEZ—BAMREREER, ERIMIVESKEREL IHTRELR, LRERLXH, LEERMHHNE
R PEF— M AETOA~100AZ 5 (N Fl4 B EMBITI00A) | ITORGEKEE A8 CEA., KLEEASHIRA~508H%
B/ (BF40.5nm~5nm/S) . F XKW EZ & %7 X10-4Pa~5X 10-4Palit XL WM R B .
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ITO [

Stripes i
p Glass Substrate Deposit and pattern anode (ITO)

__ Cathode 4\ / \ / \ / Pattern polymer layers

SHEHHHHEEEEE— . . .
SHEEREREEEEE Separator (First conducting emissive)
SIEHE FHS * Spin coating
: - o : - .
=HAE HHE * Ink Jet prmtmg
SEEE "EE « Screen printing
I EHEE | | .
- - : * Web coatin
Organic layer g
= = Cathode g
5 = . Vacuum deposit and pattern
= = Stripes
= = cathode (Ba, Ca/Al)
1 1
1 1
| — —
|- —
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Glass with ITO THAERA, RAEFR
Structure [TO Photolithography
Apply Metal-pad | | | | - Sputter/Photolith.

Apply PANI or PEDOT Spin Coat
— o —
Ty —————T

Apply Polymer Spin Coat

Structure Polymer &
PANI

Laser Ablation J%}%ﬁ, ‘{7]]1/%

Apply Cathode Vacuum Depositon
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[nk-jet
cartridge

Green 1ink

Transparent electrode: ITO Red ink S Blue ink

Lo ﬂ—h—&du

| II (lass |

Polyimide bank

Conducting polymer (PEDOT/PSS) Cathode (Al/Ca)

L1 [ 1 ]

I g T Ty B T e e e
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Manufacture of PLEDs Polymer Thin Film Deposition
(ink-jet printing to pattern pilymers)
@ Spin Coating
Spin Coating

Solvent Saturated
Atmosphere

Doctor Blade
Spun Film

/%7
ITO substrate I

Spinner N

Bowl . Spimler Base Ink Jet Printing
Spinner
Motion

Ink-jet printing to pattern polymers

Dipping
Ink Jet Head
' ' ' —> P ) 0 0 28
Red 0 Green Blue 0 ¥ .
emitter . emitter . emitter . |ﬂ|:> o

[ >
Substrate

Ink Jet printing to define and pattern R, G, B emitting subpixels
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_ _ Future
Desiccant: ¥ requirement
— Glass cap — Glass or plastic — Polymer
— UV glue Fassivation layer
— Insulator
—— Desiccant — UV glue

Riii

k.

o | ATl )

OLED

Glass Encapsulation Passivation plus Passivation
Encapsulation
*Feature : *Feature : *Feature :
Stable and reliable process Slim factor ( < 1mm ) Slim factor( < 0.6 mm)
Thickness ~1.61mm Low cost Low cost
potentially flexible Simple manufacture

Potentially flexible




Cover (glass, metal, plastics)

Desiccant

N

Cathode (metal)

Anode (ITO)

Glass

* Cover
- Mechanical strength, chemical resistance
- Thermal expansion coefficient, thermal diffusivity
- Permeability for oxygen and moisture
* Adhesive
- Bonding strength: Adhesive-glass, adhesive-cathode, adhesive-anode
- Permeability for oxygen and moisture
- UV-curable, thermally curable
» Desiccant
- Chemical or physical absorption
- Volume expansion after moisture absorption
- By-product

#



Metal “can”
Adhesive

Glass with

pocket Adhesive

desiccant

Both approached use cavity-containing desiccant

Desiccant type : CaO, BaO powder etc.

#
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Passivation

Organic¢ layers Planarizing layer Inorganic layers
..r ‘i Ll * .l.

Substrate

» Planarizing layer
- Provide a smooth surface for inorganic barrier layer.
» Organic barrier layers
- Stop cracks and pinholes in the inorganic barrier layers.
- Work as a buffer layer
« [norganic barrier layers
- A barrier function for moisture and oxygen penetration.

Repair is not possible after passivation deposition.

#
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@ Conventional Encapsulation

= Glass distortion, glass bending by press and high cost
Encepsulation glass or metal can

L __Cetige |
Sealant . OLED

Subsirats

@ New Approach

» Inorganic-organic multilayer

OLED Possivotion

Filling moteriol 7 OLED

1. B%hk: EATEREELEN,. B,
ﬁj&:%’ EEHN15mmU L, ZHEKLE

2. A TN-EHLERBELEN: 1mmBL
TEE, barix &% 2 . Hydrid encap by hot
roll lamination: & F &k S T X+ .
AL 75 5 A

I > 1.5mm thick

= Inorganic passivation - filling sealant

Poisivwion

Encap. glass

<1mm I l Substrate 5 |

Suostrate

I < 1.5mm

10.0 um

* Hydride encap by hot roll
lamination (Ref. Modistech)

* Barix organic-inorganic
multilayer (Ref. Vitex)

* Inorganic mulfilayer stack -
NONON (Ref. Philips)

#
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Picture

Features

7
(<))
=2
7

2

Comparison of OLED fabrication process

White stack + CF RGB side-by-side RG printing + RGB printing
B common evap
17 V1

- N

iy

-Needs many vacuum
chambers

-Complicated layer stacks
-High power consumption
-Difficult for Top-emission

¢ o

R | .

LA . .

1 |

-Needs many vacuum -Needs vacuum chamber
chambers

-Needs fine metal mask

-Complicated process
-Difficult for RGB
independent p-cavity

-Limited panel size

I ( 4 J 2
| (4 < 2
I ( J I 2

-No vacuum necessary
-No mask necessary
-Simple process & stack
-Large size & TE OK

-Material LT
-Limited resolution
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