Band bending at Org/Metal



Band bending model
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Vacuum level, p(z) = e(Np—Ny+p—n).
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Schottly depeletion space-charge layer model
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Fermi level is constant everywhere.
Drift current is compensated by diffusion current.




Weak space-charge layer Weak band bending model in inorganic

p(z) = —eny, (e”(’"} — e_”(‘ﬂ).

For small band bending |v| << I the following approximation follows
p(z) =~ —2enpu(2),

and Poisson's equation is obtrined ats
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Band bending in organic interface
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Figure2 Potential profiles in organic devices. (a) A case with

/ no band bending like organic light emitting diodes. (b) A case
with band bending like organic solar cells. Lines of electric force
/ are schematically shown in the upper panel.




Band bending at Org/Metal Interface

* The observed energy level position often shows thickness
dependence.

* These shifts are intrinsic or extrinsic phenomenon at
interface

< In my definition,

< Intrinsic Band bending in Schottky model is called as
narrowly defined band bending.

<> Other extrinsic band bending is called as widely defined
band bending.

< “Energy level bending”?




Inorganic SC v.s. Organic SC
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Water levels in tank with separator




Estimation of thermal carrier density in
organic semiconductor
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Experimental technique to examine
band bending



Kelvin probe
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How to investigate interface:
(PDMeasurement of metal substrate
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(@Monolayer deposition
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(@band bending during deposition
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How to judge the establishment of Fermi
level alignment
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Distinction from Fermi level pinning
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How to determine the energy level alignment

by UPS and XPS
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Narrowly defined band bending:
(Dintrinsic bending (flat band)
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Surface potential of TPD film in UHYV as
a function of thickne
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Well-purified organic semiconductor

- Intrinsic SC no band bending



Energy diagrams of TPD/metal
interfaces
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* No Fermi level alignment



Intrinsic band bending

(@band bending due to ionization of impurity
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KP result: C60 thin region
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KP result: thick region
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Band bending due to intentional doping
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J. Blochwitz et al. | Organic Electronics 2 (2001) 97 104
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Spatial distribution of charges in ultrathin polyimide Langmuir-Blodgett
films
Mitsumasa Ilwamoto, Atsushi Fukuda, and Ejjl itoh

Department af Physteal Electronics, Tokyo Instftute of Technology, 2-12-1, O-okapama, Meguro-ku,
Tokpo 152, Japan

J. Appl. Phya. 78 (3). 1 Fabruany 1994
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Binding Energy / eV

Fermi level alignmet due to exposure to air
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Narrowly defined band bending
® Band bending due to impurity 1onization seems common
even 1n organic system.

® Intentional heavy doping actually bend the band.

® Realistic material has more or less impurity which
changes band bending feature.

® We cannot always assum Fermi level alignment.



Widely defined band bending



(DScreening effect
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Screening effect for hole and electron
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(@Charging due to nano particles and blocking interface
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Intensity / arb.units
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Buried metal cluster works as trap

Au cluster
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B D IR

After the measurement of the retention time in vacuum,

we exposed the sample to air and then measured the retention time in air.

Surface Potential [V]
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The retention time 1n air i1s shorter than that in vacuum.
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