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If there is phase shift ¢,, for the reflection at the metal electrode,

4;mz

(1-R)[1+R +24/R cos(— - +¢,)]
| (2, 2) = A 1 (D)

1+RR,-2{RR, cos(47;nL +4.)

Resonance occurs when the denominator is a minimum, i.e., cosine term =1.
_NA_| 4,
2n |4

L A, (N =integer, n = refractive index)

Resonance occurs when the emitting layer is at A/4 from the reflective electrode.

f 2
_ £ (I-R)(A+yR)) Tcav | Gain factor for emission from cavity.
e 2 (1 _ \/Rl R2 )2 r | G4l for Alg3 doped with pyromethene 580.

A. Dodabalapur, L. J. Rothberg, R. H. Jordan, T. M. Miller, R. E. Slusher, and J. M. Phillips, J. Appl. Phys. 80, 6954 (1996).
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Resonant emission from mic

TABLE L

Angular and integrated enhancements of cavity devices with
AlQ+0.5% PM emissive layers relative to noncavity devices with the same
emissive material. The maximum # is the angle with respect to the cavity
axis at which the maximum angular intensity is attained.
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FIG. 2. The structure of the multiwavelength resonant cavity OLED. The
dashed line on the left side and the dash-dotted line on the right side show
the standing wave of the blue light (k=470 nm} and orange one (,
=580 nmj, respectively. Here, L=k /2. f1=k /4, L,=2hy, and £
=3k, The vertical scale is in optical lenath. LiF and CuPc layers are
omitted.

T. Shiga, H. Fujikawa, and Y. Taga, J. Appl. Phys. 93, 19 (2003).
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C. Qiu, H. Peng, H. Chen, Z. Xie, M. Wong, and H. S. Kwok, IEEE Trans. on Electron Dev. 51, 1207 (2004).
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Ji-Seon Kim, Peter K. H. Ho, Neil C. Greenham, and Richard H. Friend, J. Appl. Phys. 88, 1073 (2000)
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Index matching using 00T STy
Doubling Coupling-Out Efficiency in Organic Light-Emitting Devices Using a Thin Silica Aerogel Layer
T. Tsutsui, M. Yahiro, H. Yokogawa, K. Kawano, M. Yokoyama, Adv. Mater. 13, 1149-1152 (2001).
a
% - » M
5 Sr
- S
b o -
d = -
f -
= ™ = Fig. 3. Photograph of ultrathin emissive layer on glass substrate with (left) and
& ceeae - without (right} aerogel spacer layer under UV irradiation. The left picture cor-
~ responds to Figure 1f and the right one to Figure lc. Intense edge emission is
2 C ng i = observable only in the right sample.
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2D ordered array of silica spheres:
Advantage: Waveguiding light components can be taken out from the inside of a device by using scattering.

Disadvantage: Colors due to the scattering are dependent on scattering positions and observation angles.
Takashi Yamasaki, Kazuhiro Sumioka, and Tetsuo Tsutsui, Appl. Phys. Lett. 76, 1243 (2000).
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Top-emission OLED with 2D cortu
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40-nm-thick (dot) and 60-nm-

] lapr
0.5 1

1: 121 ]
EL Intensity (a. u.)
The relation between the emission angle and the

wavevector of surface plasmon (SP), Ky, /i

o .
K pgair + MK +nKy=€sm6‘ mn=0, £1, £2..

o &)

C Je(w)+1

&(w) =dielectric constant of

Aglair —

silver

thick (solid) Eu(DBM), layers.

Jing Feng, Takayuki Okamoto, and Satoshi Kawata, Appl. Phys. Lett. 87, 241109 (2005).
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Highly directional EL from 2D corrugated TEOLEDs
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Ordered Micro-lens

» External Quantum Efficiency increase up to Factor 2.3

»A Little Improvement of Front Light
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2D Grating Approach (1 AT

Best Results: Up to 70% Improvement at the Front Light
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Photonic Crystals Lk

Definition: Periodic spatial variations of the refractive index
Photonic Band Gab (PBG) for certain frequency range of light
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