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» Basic principle of operation

> Numerical model

» Simulation & Experiment results

> Qverall conclusion
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< Low cost

«» Self-emitting: require no backlight, reducing
thickness

« Direct replacement for a conventional LCD
« Viewing angle up to 160 degrees
«» Response of 1000 times faster than LCDs
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Color Representation
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distribution
< Dark spot
- impurity
- defects
Unencapsulated
4min later
< Heat

- glass transition temperature

< Electrochemical factors (stress)
- device structure for balancing holes and electrons
- doping
- injection layers
- surface quality between electrode and organic layers
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< Poisson’s equation > < Singlet exciton rate equation >
OE(x,t 2
(%) = Q(P(x,t) —n(x,t)+ N, — NA) 95 (x,1) = (x,t)p(x,t) + D, d S(f’ H_Sx0 _ Q(x)—S(x’ )
ox g ot g dx T 7,
< Drift-Diffusion equation > Langevin - < Luminance >
..................... recombination
1 aJ A S e 1
On(x,t) _10J,(x,1) @ D) p(f) rate mode L(r) = 683 % TP
ot q ox T N sub
op(x,t) ~ 10J,(x0)
o g o r(xn(x ) plx.1) < Boundary conditions >
on(x,t L
J,(35,0) = g, (6,06, () + KT, (35,0) ”gc ) [ EGutyde =V, ~Vys 120

J(6,0) = qu, (x,0) p(x, 1) E(x,0) = kTt (x,1) P éz’t) J = AT exp(—¢, | kT)exp f''* — qn(x)S(E)

< Field- and temperature-dependent mobility >

E(x,t)
E

0

Poole-Frenkel type
mobility model > HEGL).T) = p(T)exp
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NPD-Alqg; OLED

NPD-Alq; OLED

under EL test Vacuum Evaporation System
at Kyoto Univ.
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Current Density (mA/cm®)

1 I ! I ' I
F o Experiment
- — Simulation
i o]
al
Eoth= - 4
2 3

100

2

Luminance (cd/m’)

o]

Experiment
Simulation

Voltage (V)

11

1 2500
2250
42000

1750

11500
11250
11000
1750
1500
1250



Electric Field (kV/cm)
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Current density (mA/em’)
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1.00

anode organic layer cathode
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Luminance 7. (cd/m’)
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Carrier density (cm'3)

Carrier density (cm's)

1E19 E— 1 T T T T T T T T T T
A [ 0.25us
e 0.5us
IE18 | meesps
Y 1.0us
1E17 £ - == l.S}J.S 4
E —2.5us
IE16 é- P .".f’;', , |I: '. Illl' A T N T T T T TN -
55 60 65 70 75 80 85 90 95 100 105 110 115
1E195 —T 1 1 17 1 T 1 1T T 1 "~ T ° 3
1E18 _ Electron i
1E17 £
IE16 é_ P PR T , |/'. RPN PN SR SR SN R B
55 60 65 70 75 80 85 90 95 100 105 110 115

Distance from the anode (nm)

Turn-on cycle (charge)

1E195 ' I ' I ' I 4 I I I I I I ' I Ll
PN ' SRR LY 2.5us
5§ 1EI18L T 20 ]
= i —3.0us 3
2 — - 3.5ps
=
S 1E17 “40us
b = - R S.O}J.S 3
£ i
O 1El6} \
[p1g’S 60 65 70 75 80 85 90 95 100 105 110 115
E 1E18:— ~. Electron _.
5 L
S IEI7E
5 g
£
1E16 £ 4

55 60 65 70 75 80 85 90 95 100 105 110 115

Distance from the anode (nm)

Turn-off cycle (discharge)
16



"

emission zone
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< The luminance decreases and the turn-on voltage
Increases as the temperature decreases due to a
reduction in thermally activated hopping speed.

< |t delays not only the startup of EL upon turn-on of OLEDs,
but also the discharge upon turn-off.

<« The device efficiency is increased with decreasing
temperature due to enhanced charge-balance factor.

<« The pulse-to-pulse interference by the space charge
effects is more significant at lower temperatures.
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