
1

N. Peyghambarian
Optical Sciences Center

University of Arizona
Tucson, AZ  85721

ORGANIC ELECTRONICS AND
OPTOELECTRONICS:  CURRENT TRENDS

AND FUTURE DIRECTIONS

Prepared for the Advanced Technology Program’s
1999 National Meeting, November 15 -17, 1999

San Jose, California

Directions in Organic Optoelectronics

     Organics in Communications
♦polymer optical fibers
♦polymer components for WDM
♦NLO polymers for modulators and switches

Organics in Optical Storage and Security
♦photo polymers
♦photorefractive polymers

Organic Displays and Light  Emission
♦OLEDs
♦polymer lasers
♦organic transistors
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Sol-Gel Waveguide for  Integrated Optics
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Bragg Grating and Sol-Gel
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SLM

Detector

ReadoutRecording

• Parallel readout of data - fast rates
• Multiplexing - much greater density

Reference
Beam

Interference 
Pattern Reference
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∆∆n
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Beams must be
coherent.

Introduction to Holography
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Low Tg Materials

• Inherently permanent
• WORM Applications

• High Sensitivity
• Large ∆n changes
• Low Cost
• Excellent Optical Quality

Local Photoinitiated Polymerization

Monomer 
Diffusion

Hologram Formation

Lucent Technologies Inc. – Proprietary

=> Large dynamic range

New Approach
- Large ∆n with minimal
shrinkage.

High Density StorageHigh Density Storage
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dynamic range of

the material”

“not bits but pages of data”
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Photorefractive Polymers
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D e p h a s i n g

T r a p p i n g

T r a n s p o r t

Θ S p a c e

The photorefractive effect

Convert an intensity
distribution into a refractive

index distribution
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Near IR sensitivity
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DHADCMPN:PVK:ECZ:TNFDM (25:49:24:2 % wt.)

Science, 279, 54 (1998)

K. Meerholz et al., Nature 371, 497 (1994)

Photorefractive Polymers for Holographic Storage

1) Recording

2) Reconstruction

Storage
Medium

Storage
Medium

Reference laser
beam

Reference laser
beam

Object

Page
Composer

Lens Lens

Detector
Array

Lens Lens
Shutter

Three-dimensional image of a penny retrieved
from holographic storage in a photorefractive
polymer composite prepared at the University
of Arizona. The red color reflects the 675 nm
wavelength of the low power semiconductor
laser diode used for the recording and the
reconstruction of the hologram
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Polymeric Optical Correlator for Security Verification

Table-top
demonstration of

principle

Portable
compact
version

Photorefractive
polymer samples

B. Volodin et al., Nature 383, 58 (1996)
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Device Efficiency
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From fluorescence towards phosphorescence
Collect all the singlets and triplets: 100% efficiency

S0

S1

T1

S0

S1

T1

kDD

kDD : dipole-dipole (Forster) long range 1/R 6
 

kD

kD : Dexter transfer, short range exp(-  r)

ISC through spin-orbit
       coupling Z 5

Baldo et al., Nature 395, 151 (1998)
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PVK

AlQ:PtOEP

PBD

Al-based cathode

ITO

&  = 8.7 % at 14 cd/m2

&  = 4 % at 540 cd/m2

Red electrophosphorescent device with 8.7 %
external efficiency (45% internal efficiency)

Baldo et al. 4% at < 1 cd/m2
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OLED/CMOS Test

Pixel OnPixel Off

OLED/CMOS Test

OLED LightOLED Current
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