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Introduction

Surface potential vs
film thickness

Surface potential of Alq3 thin films
Alq3 thin films, one of the major organic semiconductors for EL devices, exhibit extremely high surface potentials
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when the films are prepared by vacuum deposition in the dark. The surface potential originates from a slight
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alignment of dipole moments of Alq3 molecules (<cos θ> ～0.01) , and is proportional to the film thickness (approx. 50
V/µm). The surface potential of Alq3 thin film is reduced by photo exposure ( λ < 500 nm). Its mechanism is attributed
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from SHG experiments to the randomization of the dipole alignment, but has not been elucidated.
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dark condition
light irradiation

Purpose of this study
The final goal of our study is to develop new devices based on the patterning of surface potentials, such as non-
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linear optics and photo-memory devices. Surface potential patterning and KFM observation are presented in this
report together with the discussion of mechanism.

Experiments
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E.Ito et al., J.Appl.Phys. Vol.92 (2002) 7306.

Patterning & KFM observation

Alq3 film deposition
Vacuum deposition in the dark

on n-Si(001), 1.5 × 10-3 Pa

Film thickness

300 ± 50 nm （0.15 – 0.20 nm/s）

Initial surface potential

16 V ± 2 V

KFM potential image (200 µm scan)

Cross sectional profile
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15.2 V

Pattern exposure

12.2 V

１） Conatact mask

41 mW/cm2 (356－935 nm) ｘ 0.5 s

２） Fluorescence microscope

60 µW/cm2 (405 nm) ｘ 1－200 s

３） Maskless exposure (LCP)

0.11－54 mW/cm2 (420－680 nm) ｘ 5s
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KFM measurement
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Tapping mode

ＳＰＡ３００/３８００Ｎ（ＳＩＩ－ＮＴ）

Conductive cantilever

Ｗ 55 µm ｘ Ｌ 450 µm ｘ ｔ 4 µm、1.6 N/m

Mechanical / voltage oscillation

22－24 kHz ｘ 40 nm / 20－22 kHz ｘ 0.1 V

Resolution limit

< 6-7 nm
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KFM probe transfer function

Surface potential deconvolution
deconvoluted measured reconstructed

Temporal change of potential
Weak excitation for entire surface (405 nm , 60 µW/cm2 ) with PL observation
color corresponds to
point in decay curve

1 month at r.t.

1 month at 4oC

2 months at –20oC

P-F fitting
simple exponential
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Mechanism
Fitting by carrier drift equation with Poole-Frankel type mobility

m e = m 0 exp(b E )

….. Poole-Frankel type mobility

¶E
= - k 0 n < ve > t e
¶t
= - kPm 0 E exp( b E ) º - APE exp( b E )

Inner electric field (500 kV/cm)
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Surface potential

Photoexcited carriers

Photoluminescence

Carrier drift (P-F type)

Potential reduction

Capture to deep trap levels

Persistent potential pattern

Conclusion
• Patterning of surface potential of Alq3 by photo exposure has been demonstrated. The patterned surface potentials are ideally stepwise with two potential
levels and can be sustained for more than a month, especially at lower temperatures.
• KFM probe transfer function was directly measured by using the patterned surface potential of Alq3, and applied to figure out the true potential profiles.
• The mechanism of photoinduced potential reduction is the drift of photoexcited carriers and the capture of the carrier by deep trap levels.

