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Abstract
Prerequisite to the rational development of organic el
tronic materials with prescribed electronic and optoel
tronic properties is an understanding of the fundame
charge transport mechanisms upon which they rely.
field dependent mobility of disordered molecular soli
has recently been shown to depend critically on the
gree and morphological character of energetic disorde
the system. In particular, it is now recognized that a k
ingredient necessary for understanding the field depen
mobility observed in such systems are spatial correlati
that relate the strength of random potential energy fluc
ations in the medium to their spatial extent. We revi
here microphysical mechanisms that can give rise to s
fluctuations and study the field dependences that can
expected from them.

Introduction

Recent efforts by a number of workers [1-8] have increa
our understanding of nearly universal features of photo
jected charge transport in many molecularly doped po
mers [9,10], low weight molecular glasses [11,12], a
certain polyconjugated polymers [13,14]. It is now ge
erally appreciated that the Poole-Frenkel (PF) field dep
dence [9-13]

� / exp
�

p
E
�

(1)

of the drift mobility � on electric fieldE that occurs in
these materials results from the correlated nature of
random potential energy landscape experienced by a
toinjected carrier migrating through the disordered med
In polar materials, e.g., energetic fluctuations arise [2] fr
the random distribution of dopant or host molecules p
sessing permanent electric dipoles. A carrier’s interact
with the latter has been shown to provide a significant c
tribution to the carriers potential energyU(r). More im-
portantly, the potential energy autocorrelation function
4]

C(r) = hU(0)U(r)i � �2a=r (2)

in such a medium decays very slowly with intersite se
arationr. Here,� = hU2i1=2 is the RMS width of the
659
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dipolar energetic density of states (DOS), anda is a min-
imal charge-dipole separation. In a previous work [4],
analytical result

� = �0 exp
h
��̂2 + 2�̂

p
eaE=kT

i
(3)

formally equivalent to Eq. 1 was derived for carriers d
fusing along one spatial dimension through a medium w
3D correlations as in Eq. 2. In this expression,�̂ = �=kT
is the energetic width of the DOS relative to the therm
energy. This same behavior also occurs in 3D simulatio
[5]. Moreover, recent studies suggest that this mechan
for producing PF behavior is stable under less correla
sources of disorder than those that arise from dipoles [6
A numerical characterization of the results from extens
3D numerical simulations on correlated disorder mod
(CDM’s) that take into account the spatial correlations a
sociated with dipolar media have led to the following r
cently proposed empirical relation

� = �0 exp

"
�
�
3�̂

5

�2

+ C0

�
�̂3=2 � �

�reaE

�

#
(4)

describing nondispersive transport in correlated media,
simulation-determined parametersC0 = 0:78; and� =
1:97. As pointed out in [1], the parameter�0 in Eq. 4 may
have additional temperature dependence due to other
correlated sources of energetic disorder or polaron effe

The empirical relation in Eq. 4 was established in R
1 on the basis of simulations performed on regular orde
lattices possessing energetic disorder of the type that ar
in dipolar media. Experience with the much-utilized Gau
sian Disorder Model (GDM) of B¨assler, Borsenberger, an
coworkers [11], which differs from the CDM of recen
study in that it does not include these energetic corre
tions, leads to the general theoretical expectation that
parameter� may in fact characterize the degree of ge
metrical disorder and thus should depend upon transp
site concentration and morphological factors such as
size and shape of dopant and host molecules. As of
however, the specific dependence of the geometrical di
der parameter� on the mobility has not been extensive
studied. In this paper we wish to present a prelimina
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Figure 1: Field dependent mobility for correlated disorder mode
with no spatial disorder.

but systematic study of the effects of geometrical disord
on transport in energetically correlated random media.
this end we provide in the next section a description of o
basic model and computational approach, along with t
major results of the investigation. The last section conta
a discussion.

Model and Computational Approach

We consider a simple extension of the CDM of Ref.
which is intended to include effects of geometrical diso
der in a way parallel to that implemented in the GDM o
Bässler and coworkers [11]. Specifically, we consider
model in which transport occurs among the sites of a si
ple cubic lattice. On each site of this lattice we place
randomly oriented electric dipole of fixed magnitudep =
j~pmj. The energy of a carrier when at lattice sitem then
develops due its interaction with the dipoles on all su
sites except the one on which it resides, i.e.,

um = �
X
n6=m

e~pn � (~rn � ~rm)

4�" j~rn � ~rmj3
; (5)

wheree is the electronic charge and" the dielectric permit-
tivity of the medium. This assignment generates a Gauss
like DOS with the right kind of spatial correlation, and
660
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hu2mi = 2:35
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"a2
0

(6)

The hopping rate between two sites on the lattice we ta
to have the following “Miller-Abrahams” form

Wn;m = �0 exp

�
��nmRnm

a
� �nm + j�nmj

2kT

�
; (7)

where�nm = un � um � eEr cos � is the energy differ-
ence between the two sites, altered in the presence o
electric field,Rnm is the intersite separation, and�nm =
�n + �m, which represents the geometrical disorder,
taken to be the sum of dimensionless independent rand
variables assigned to each site from a Gaussian distribu
of width �. The question we are interested in studying
how the field dependence of the mobility depends upon
strength� of the geometrical disorder, in the presence
the type of correlations that have been shown to give r
to the Poole-Frenkel behavior.

To compute the mobility, we have performed numer
cal calculations to solve the steady-state equations of m
tion

d�n
dt

= 0 =
X
m

(Wn;m�m �Wm;n�n) (8)

for a periodically-repeated cubic sample containingN =
503 sites using a simple relaxation method. From the ste
state occupation probabilities�n the drift mobility

� =
1

E

X
n;m

Wm;nRm;n�n (9)

is then straightforward to compute.

Results and Discussion

In the calculations presented in Figs. 1-5 we have adjus
the parameters of the dipole field to generate a DOS wit
width� = 80meV, with different curves (data sets) in eac
figure corresponding to different temperatures as describ
by the dimensionless parameter�̂ = �=kT . In Fig. 1 the
field dependent mobility is presented for an ordered sy
tem having no spatial disorder; filled circles indicate n
merical calculations as described earlier and dashed li
represent linear fits to each data set. The curves in t
figure display the robust Poole-Frenkel mobility observe
earlier for the correlated disorder model characterized
Eq. 4 with a value� � 1:97 (which corresponds to a
vanishing Poole-Frenkel slope at a temperature for wh
�=kT � �2=3 � 1:6). In Figs. 2-5, similar data is pre-
sented for systems with spatial disorder parameters tak
the values� = 1; 2; 3; and4.



l

l

el

el

IS&Ts NIP 15: 1999 International Conference on Digital Printing TechnologiesIS&Ts NIP 15: 1999 International Conference on Digital Printing Technologies Copyright 1999, IS&T
 E1/2    [103 (V/cm)1/2]
0.2 0.4 0.6 0.8 1.0

 m
ob

ili
ty

 µ
 (

ar
b.

 u
ni

ts
)

10-3

10-2

10-1

100

Σ = 1

 CDM

σ = 0.08eV

a = 10 Å

Asymmetric Rates

σ/kT = 1

σ/kT = 2

σ/kT = 3

σ/kT = 4

σ/kT = 5

Figure 2: Field dependent mobility for correlated disorder mode
with spatial disorder parameter� = 1.
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Figure 3: Field dependent mobility for correlated disorder mode
with spatial disorder parameter� = 2.
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Figure 4: Field dependent mobility for correlated disorder mod
with spatial disorder parameter� = 3.
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Figure 5: Field dependent mobility for correlated disorder mod
with spatial disorder parameter as� = 4.
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Figure 6: Poole-Frenkel slopeS for correlated disorder model as
a function of the energetic width�=kT .

As can be seen from the curves in Figs. 2-5, there
very little change in the field dependent mobility for sma
values of the geometrical disorder parameter (� � 1). Sig-
nificant change is beginning to be observed for� � 2; and
a noticeable reduction of the slope of each curve rela
to those appearing in Fig. 1 appears in Fig. 4 and Fig
corresponding to spatial disorder parameters� = 3 and
� = 4.

This behavior is reminiscent of that observed earlier
the GDM of Bässler and coworkers [11]. Important qua
titative differences exist, however, between the presen
of calculations performed with correlated energetic dis
der than and the uncorrelated situation studied within
context of the GDM. In particular, in the GDM it has bee
empirically observed that the Poole-Frenkel slopeS =
@ ln (�=�0) =@

p
E in the high field regime is a quadrati

function of the energetic width� with a coefficientC0

that is independent of the spatial disorder parameter,
S = C0

�
�̂2 ��2

�
. In the correlated disorder model o

the present study, however, the Poole-Frenkel slope is
pirically found to be a linear function of the dipolar com
ponent of the width�, which is the leading dependence
the slope associated with the empirical relation in Eq.
This behavior is demonstrated in Fig. 6, which contain
plot of the Poole-Frenkel slopeS associated with the linea
fits to the data appearing in Figs.1-5.

The results of these preliminary calculations indica
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that much of the intuition regarding the effects of energe
disorder developed from extensive studies of the Gaus
Disorder Model may be qualitatively applied to charact
ize the predictions of the Correlated Disorder Model
recent study. A more complete quantitative character
tion of the effects of geometric disorder on the mobility
the CDM, including the effects of different types of ho
ping rates (e.g., Marcus or ”small polaron” type rates), a
other more realistic models of geometrical disorder will
presented in a future publication. This work is suppor
by the National Science Foundation. The author is grat
for stimulating discussions and ongoing collaboration w
D.H. Dunlap, V.M. Kenkre, and S.V. Novikov.
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