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Abstract

Upcoming organic devices like thin  lm transistors or light emitting diodes require
novel architectures and materials. In most cases, two main problems, namely poor
carrier mobility in the bulk and elusive interface effects, are closely related due to con-
tact dominated device behavior. A three-dimensional Kinetic Monte Carlo simulator
has been developed mimicking simultaneously charge injection and propagation. This
work deals with the representation of contact roughness by the means of the Gaussian
Disorder Model.

1 Introduction

Hydrocarbons with alternating double or triple bonds exhibit dangling sp3-hybridized
π orbitals interfering constructively or destructively. In the former case the π electron’s
charge density concentrates between the repulsive carbon cores, thereby screening their
mutual electrostatic repulsion. These electrons are thus called bonding, π electrons.
Destructively interfering π wavefunctions, on the other hand, concentrate the electron
charge densities at the ionic cores, thus enhancing the cores’ mutual Coulombic repul-
sion. These states are labeled as antibonding, π∗ orbitals [1]. The p-conductive π as
well as the n-conductive π∗ bands form branched wave functions spread across the σ
bound molecular skeleton. The degree of carrier delocalization along these bands de-
termines the carrier mobilities and depends on the amount of disorder inherent in the
system. A lack of long range order defeats overall molecular conjugation. In other
words, the molecular polarization energies are locally too different for carrier delo-
calization across the whole molecular solid. If, however, the wave functions attached
to contiguous π conjugated entities like chromophores, molecules, or oligomers over-
lap suf ciently strong, thermally assisted tunneling might allow a random walk along
the π/π∗ bands at room temperatures. The spectral gap separating the bonding from
the antibonding orbitals, typically ≈ 3 eV, prohibits the thermal excitation of intrinsic
carriers from the valence into the conduction band at room temperatures. The result-
ing lack of intrinsic carriers necessitates the injection of currents from either metal or
polymer contacts. The remarkable strong in uence of the injection ef ciency on the
device performance can be envisioned by the carrier concentration dependence of the
mobility, which may vary by several orders of magnitude depending on the number of
electrons injected [2]. The complex interplay between thermionic emission, tunneling,
space-charge effects and trapping is mirrored in rapidly varying transport regimes [3].
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Thus, neither the Richardson-Schottky formula nor the Fowler-Nordheim expression
adequately describes the device behavior over the full operational range [4].

2 Simulation

Phonon assisted tunneling in the presence of a  eld causes a biased random walk among
localized π and/or π∗ states characterized by size a, shape Ψ(r) = e−r/a and energies
ε [5]. We label the mutual distances Ri j, take the Miller-Abrahams rate composed of the
attempt-to-escape frequency ν0, an overlap-dependent tunneling and a Boltzmannian
single-phonon absorption rate [6],

νi j = ν0 exp
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and use the queue of events established by the long tailed distributions of waiting times
〈

τ i
〉

=
(

∑ j �=i νi j
)

−1
, (2)

as trigger for a stochastic time evolution. The possibility to interpret this event-driven
technique actually in a dynamic sense is a peculiarity of Kinetic Monte Carlo algo-
rithms [7, 8]. The self-adjusting timesteps generate a continuous time random walk [9].
The complete algorithm is outlined in Fig. 1(a). Charging and discharging with fermions
is considered, each level consists of one spin-up and one spin-down orbital capable
of holding one electron. The energies are distributed according to the uncorrelated
Gaussian Disorder Model [10]. Since the slowly migrating charges behave like resting
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Figure 1: (a): The algorithm. All criteria stated in [17] are met, so the phase space
traversal can be related to a Poisson process. In this work, toggling interface states
were not suppressed. (b): The two-level site concept including p and n-type doping.
The rectangles and arrows at the bottom levels stand for π vacancies and electrons
respectively. The upper levels mark pairs of π∗ orbitals.
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Coulomb centers [11], each electron’s potential has to be considered in calculating the
present space charge. Holes are modeled quite differently from electrons. We assume
that the depletion of a bonding state exposes an immobile positive Coulomb center
of charge +e stemming from the otherwise sreened ionic background charge of the
polymer backbone. Since each π/π∗ level consists of two π/π∗ states, a completely
discharged π level generates a potential of charge +2e. Occupied antibonding states
correspond to Coulomb centers of charge −e. Completely  lled π∗ levels thus gener-
ate potentials of charge −2e. All potentials are screened by the dielectric constant of
the material, εr , whose small value enhances the in uence of the image force poten-
tials on the injection barriers and thus on the whole device performance [12]. Locally
varying Schottky effects due to very rough electrodes cause interfacial energetic disor-
der [14], whereas moderate roughness does not affect carrier injection signi cantly [15].
In Bässler’s model, contact roughness and the like have to be mastered by the means
of Gaussians. Fig. 1(b) illustrates the interplay of mobile and immobile charges and
their mirror images as taken into account by the computer program. The mirror charges
of virtual carriers outside the simulation domain are also considered. Following [12],
injection is modeled as a Miller-Abrahams hop from the metal into the polymer. The
departure level accounts for the fact that metal electrons close to the surface are captured
in a potential well characterized by the electrode surface’s work function [13].

3 Results and Discussion

The undoped p-conductive device Gold/Zinc Phthalocyanine/Gold is simulated. The
measured band structure [16] is summarized in Fig. 2(a). The lattice constant (0.6nm),
the maximal jump distance (1.2nm), T = 300K, εr = 3.0, and ν0 = 1.0 × 1013 s−1

have been assumed positionally independent. The interfacial wave function decay
1/a = 2.08 × 1010 m−1 exceeded that in the bulk (5.553 × 109 m−1). Fig. 2(b) de-

ZnPc/AuAu

0.90 eV

0.76 eV

Vacuum Level

5.28 eV 5.14 eV

Fermi Level

(a)

1 2 3 4

Electric Field [107V/m]10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

C
ur

re
nt

 D
en

si
ty

 [A
/m

2 ]

σIF = 0.4, σBLK = 0.1 eV
σIF = σBLK = 0.1 eV
Thermionic Emission
Au/ZnPc/Au

(b)

Figure 2: (a): The interface dipole layer, work functions and ionization energies as
measured by [16]. (b): the width σ of the Gaussian density of states measures the
molecular disorder. The bold curve depicts the measured current, the dashed curves the
current as predicted by the Richardson-Schottky formula.
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picts the interplay between interface and bulk disorder. Following the  ndings of [14]
the interfacial energetic disorder σ IF = 0.4 eV outranges that of the bulk by a factor
of 4. The simulation shows good coincidence with the measurement and thus injection
limited behavior. Setting σ IF = 0.1 eV reduces the number of injection facilitating tail
states and the current approaches the thermionic one.
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