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The transition from nondispersive to dispersive charge transport at low temperatures is studied on p-
diethylaminobenzaldehyde diphenyl hydrazone and by computer simulation. It is shown that the con-
cept of hopping in a Gaussian density-of-states distribution provides a consistent framework for data
analysis. Variation of time-of-flight current transients with sample thickness and temperature can quan-
titatively be accounted for in terms of the energetic disorder parameters inferred from nondispersive
transport data. It is shown that deviations from scaling behavior is a signature of dispersive hopping in a

Gaussian density-of-states distribution.

I. INTRODUCTION

In crystalline semiconductors or insulators, the field-
driven motion of an initially 8-shaped packet of excess
charge carriers gives rise to a constant displacement
current. The current remains constant until the carriers
have reached the electrode. Diffusive spreading of the
carrier packet causes some broadening of the leading
edge of the time-of-flight current transient. With disor-
dered media, transients often do not exhibit plateaus.
Inflection points, indicative of the arrival of carriers at an
electrode, can only be distinguished by plotting the time
dependence of the current on a double logarithmic
scale. "2 The explanation of this behavior, originally pro-
posed by Scher and Lax® and Scher and Montroll, is that
the mean velocity of the carriers decreases continuously
and the packet spreads anomalously with time, if the time
required to establish dynamic equilibrium exceeds the
average transit time.

The Scher-Montroll concept™® rests on the idea that
the effect of disorder, considered to be the origin of the
anomalies, can be modeled in terms of the continuous-
time-random-walk formalism in which all of the disor-
der is cast into a waiting time distribution of the form
W(t)ct~ 1@ Here, a is the dispersion parameter
O<a<1. The tacit assumption in the original work was
that W(t) originates from the positional disorder of the
hopping sites. In that case, however, the dispersion in
transients should be temperature independent, contrary
to experimental results in most disordered molecular
solids. Moreover, both analytic’”® as well as simula-
tion>!° studies indicated that dispersive transients in
samples of macroscopic dimensions required a degree of
positional disorder difficult to reconcile with the
moderate variation of intersite distances in disordered
molecular solids.

An alternative explanation is that dispersion derives
from energy disorder that translates into a distribution of
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thermally activated transition rates. In fact, the assump-
tion that an ensemble of carriers temporarily localized in
an exponential distribution of trapping sites (realized,
e.g., in amorphous chalcogenides) communicates with
delocalized states above a mobility edge was shown to
provide a consistent framework for explaining a diversity
of experimental observations.!!'”!” The multiple trap-
ping concept has also been applied to poly(N-
vinylcarbazole). On this basis, Miiller-Horsche, Haarer,
and Scher'® inferred a distribution of detrapping rates
from a Laplace transform of the temporal features of the
current transients. However, such an analysis is mean-
ingful only if (1) trap-to-trap migration can be neglected,
and (2) transport occurs in an energetically well-defined
transport level such as a valence or conduction band or
an isoenergetic array of hopping sites. The latter as-
sumption is all but straightforward. The inhomogeneous
broadening of optical-absorption spectra of organic
glasses and polymers is an unambiguous signature of the
splitting of the exciton band into a manifold of localized
states.!” By analogy, the same should hold for charge-
transport states. In that case, the above determination of
trap release rates would be correct only if the width of
the manifold of transport states was much narrower than
that of the trap distribution. Previous optical studies ar-
gue against this notion. %

On the other hand, analytic*! and simulation?? studies
provide evidence that hopping within an intrinsic distri-
bution of hopping states (DOS) gives rise to dispersive
transport even in the absence of traps. For these condi-
tions, the degree of dispersion as well as the onset time
relative to the transit time depend on &, the width of the
DOS relative to kT. In previous simulation studies,”* a
simple criterion was developed for the occurrence of a
transition form nondispersive to dispersive transport. Al-
though qualitatively confirmed by numerous studies on
allegedly trap-free materials, these experiments typically
yield lower transition temperatures, equivalent to a lower
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degree of energetic disorder, than predicted on the basis
of the temperature dependence of the mobility. This
could indicate that part of the measured thermal activa-
tion is due to a process other than disorder-controlled
hopping. A possibility is polaron formation.?* 2% Alter-
natively, the discrepancy between experiment and theory
could be related to the somewhat arbitrary definition of
the establishment of dynamic equilibrium and/or the lim-
ited sample size in previous simulations.

In order to clarify this question and delineate the key
features of dispersive transport in a material with a
Gaussian DOS, a study of the transition from nondisper-
sive to dispersive transport, henceforth ND — D, has been
conducted combining both Monte Carlo simulations and
experiment. The material selected for this study was p-
diethylaminobenzaldehyde diphenylhydrazone (DEH).
This compound was chosen for two reasons: (1) amor-
phous films can be readily prepared by vapor deposition
techniques, thus eliminating the very considerable effects
of a polymer host; and (2) previous studies have shown
that the effect of positional disorder can be neglected.?’
Apart from demonstrating that intrinsic energetic disor-
der is indeed sufficient to account for the observed effects,
criteria will be presented for the analysis of dispersive
transients in molecularly doped polymers.

II. MONTE CARLO SIMULATIONS

A. Procedures

The Monte Carlo simulations were based on a well-
tested algorithm described ;greviously.22 A cubic sample
with lattice constant a =6 A was used for the computa-
tions. The sample consisted of 70X 70 sites in the x and y
direction with periodic boundary conditions and up to
8000 sites in the z direction, which is the direction of the
applied field. This is equivalent to a maximum sample
length of 4.8 um. Disorder was simulated by assigning
site energies taken from a Gaussian distribution of stan-
dard deviation o, yielding an energetic (diagonal) disor-
der parameter & =0 /kT. Positional disorder of the hop-
ping sites has been ignored in order to keep the computa-
tion times at large & within tolerable limits. We consider
this neglect unimportant because with materials of prac-
tical interest, time-of-flight broadening of the current
transient is dominated by energetic disorder and will be
more so the larger & becomes.?® The carriers were start-
ed randomly in energy and their random walk followed
under the influence of a constant field of 6X10° V/cm.
Hopping was assumed to be controlled by jump rates of
the Miller-Abrahams type,
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ignoring polaronic effects. Typically 100-150 carriers
per parameter set were started independently and a new
sample configuration was set up after every 20 carriers.
The computations yielded transients as well as the mean
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carrier arrival times, parametric in & and the number of
lattice planes, n,, in the field direction.

B. Results

A family of current transients, parametric in &, is
shown in Fig. 1 for a sample with n, =4000, equivalent to
a thickness of 2.4 um. The occurrence of a ND — D tran-
sition with increasing & is obvious. While the transients
reveal a plateau of variable temporal length for & <4, this
is no longer the case for & >4.4. To delineate the general
phenomenological pattern, a series of double logarithmic
plots, parametric in &, covering up to 20 decades in time
and up to 10 decades in amplitude are presented in Fig. 2.
The curves for & =3, 6, and 8 represent the results of an
analytic effective-medium (EMA) calculation of the zero-
field diffusivity of a packet of carriers in an infinite sam-
ple.?! Apart from demonstrating the mutual consistency
of EMA and simulation results, these plots indicate that
in no case a simple power law of the type i (t) <t~ "% is
obeyed for times less than the mean arrival time (7).
At short times, the time dependence of the current is vir-
tually independent of & and tends to saturate earlier with
decreasing &.

Reducing the sample length at fixed & causes the initial
portion of the transients to appear more dispersive. This
is shown in Fig. 3. The ND — D transition is more clear-
ly delineated by plotting the reciprocal mean carrier ar-
rival time as a function of &7, parametric in sample
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L n, = 4000
E =6x10% V/cm

T T T T T T T

| 11

slopes &

~_ -0.36 7

~

IogIO [current (arb. units)]

Ioglo[time (arb. units)]

FIG. 1. Simulated transients, parametric in &.
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FIG. 2. Double logarithmic current vs time plots. The full
and dotted curves are simulation results. Their extrapolation
toward the equilibrium dashed curves are the results of the
effective-medium approximation for an infinite sample.

length and the arrival time as a function of n,, at variable
@, as shown in Figs. 4 and 5, respectively. Within the
dispersive regime, tp(n,) deviates from linearity,
(tp)=n, where 1.25<m <1.40 for 4.0<& <5.2. At
the same time, d /E(t;) exceeds the value predicted by
the dependence of the mobility on the disorder parameter
at moderate fields, 2’

w@)=poexp— (2)

3

Instead, ;) ~! approximately varies as exp— (& /2)%. In

& =52 4
E =6x 105 Vicm

IogIo [current (arb. units)]

IogIO [time (arb. units)]

FIG. 3. Simulated transients, parametric in sample length,
expressed by the number of lattice planes in the field direction.
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FIG. 4. Simulated reciprocal mean arrival times vs & , para-

metric in the number of lattice planes. The asymptote describ-
ing nondispersive transport was taken from Ref. 29.

previous studies, the onset of dispersion has been defined
by the condition that the current no longer decays to a
true plateau value for ¢ <{tr). Operationally, the time
at which the current becomes time dependent turned to
be about one tenth of the time a packet of carriers needs
to equilibrate energetically within a Gaussian DOS.?
Figure 4 offers a criterion for the occurrence of the
ND — D transition that alleviates the problem of having
to define the time at which the current becomes constant.
It indicates that below a critical value of the disorder pa-
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FIG. 5. Mean arrival times vs n,, parametric in .
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rameter, & ., the mobility derived from the mean carrier
arrival time is independent of thickness, thus reflecting a
genuine material property. In this sense, the ND—D
transition is a transition between a transport regime in
which the mean carrier arrival time yields a transport
coefficient, i.e., mobility, that is independent of thickness
and a regime in which this is no longer the case. Opera-
tionally, the ND — D transition can be defined via the in-
tersection of the log {t;) versus &7 lines representing the
average reciprocal carrier arrival times in the nondisper-
sive and dispersive regimes, respectively. This yields a
correlation between the critical disorder parameter &,
and the sample length. Principally, the same information
can be extracted from a plot of {¢;) versus the sample
length. Hence &.(d) is inferred from the sample length
at which the extrapolated {¢;) versus d line intersects
the (t;) =uE /d line, characterizing ND behavior. Fig-
ure 6 indicates that the critical disorder parameter at
which the ND — D transition occurs increases with the
number of lattice planes as

62= A4 +Blogn, , 3)

where 4 =—3.6 and B =6.7 are empirical constants,
equivalent to 62= A4’+ B log,,L, where A'=44.8 and L
is the sample thickness in cm. With a thickness of 20 um
and a DOS 0.1 eV, transients are then predicted to be
dispersive at 232 K. According to the criterion used ear-
lier, a temperature of 286 K would have been estimated.
A transient at @ =&, does reveal an inflection if plot-
ted on a double linear scale, yet not a well-developed pla-
teau. This is illustrated in Fig. 7, showing a transient for
n, =8000 at & =4.8 which is very close to &, as shown
in Fig. 6. Obviously, transients that appear moderately
dispersive on double linear scales featuring a slope
—(1—a,;)=0.27 in double logarithmic representation are
still satisfactory for determining mobilities that represent
bulk properties. The reason is that the inflection moni-
tors the arrival of the fastest carriers equilibrating earlier,

d (um)
107! 10° 10’

T T T T T T T

30T

FIG. 6. The disorder parameter 65 at which the ND—D
transition occurs vs sample length. The dashed line was ob-
tained from Ref. 22.
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while residual current relaxation is controlled by slower
carriers hopping within the bottom part of the occupa-
tional DOS. Figure 7(a) also illustrates that the absolute
magnitude of the mobility may differ up to a factor of 2,
depending on how the arrival time is defined. Inferring
(t7) from the intersection of asymptotes in double linear
plots, which is the common experimental technique,
yields values that are approximately a factor of 2 larger
than values derived from (tT> which, unfortunately, are
not directly accessible in experiment. Another reason
why o is larger than previously assumed is related to the
effect an electric field has on the relaxation behavior of
carriers within a Gaussian DOS. A field raises the equi-
librium energy of carriers within the DOS and, concomi-
tantly, shortens the equilibrium time.

III. EXPERIMENT

The molecular structure of DEH is shown in Fig. 8. A
slurry of sodium acetate (13.5 mmol) and 1,1-
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FIG. 7. Simulated transients at the ND — D transition in (a)
double linear and (b) double logarithmic representation.
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FIG. 8. The molecular structure of p-diethylamino-
benzaldehyde-diphenyl hydrazone (DEH).

diphenylhydrazine hydrochloride (13.5 mmol) in water
(50 mL) was added to a refluxing mixture of ethanol (100
mL) and p-diethylaminobenzaldehyde (10 mmol). After
2.5-h reflux, the reaction was cooled in ice, filtered with
aqueous ethanol and water, then dried under vacuo to a
61% yield of DEH. The molecular weight and density of
DEH are 343 g/mol and 1.17 g/cm>. The glass transition
and melting temperatures are 280 and 360 K, respective-
ly. The relative dielectric constant is 3.06. Films of this
compound were prepared by thermal sublimation onto a
NESA (SnO) coated quartz substrate previously coated
with a 0.10-um layer of a-Se. Sublimation was from a Ta
crucible at 340 K. For a crucible-to-substrate distance of
30 cm, this gave a deposition rate of approximately 200
A/s. The background pressure was less than 10~7 Torr.
From cross-section photomicrographs and capacitance
measurements, the thickness was 5.6 um. Finally, a
0.05-um Au electrode was deposited on the surface of the
DEH layer. During the deposition processes, the sub-
strate was attached to a liquid N, cooled stage. Samples
deposited on room-temperature substrates were invari-
ably polycrystalline. Films prepared in the above manner
were amorphous with no indications of crystallization
over a period of several weeks.

The mobility measurements were by conventional
time-of-flight (TOF) techniques. By this method, the dis-
placement of a sheet of holes injected into the DEH layer
from a photoemitting a-Se layer is time resolved. Pho-
toexcitation was by 3-ns exposure of 440 nm radiation de-
rived from a dye laser. The exposures were filtered such
that the charge injected into the DEH layer was less than
0.05 CV,. The photocurrent transients were measured
with a Tektronix model 2301 transient digitizer system.
All measurements were made in air. Figure 9 shows a

NESA coated quartz substrate
«-Se layer
DEH sample

Au electrode

X =440 nm to transient
to=3ns digitizer system
(Laser Sciences (Tektronix 2301)
337)
voltage R_(100Q)

source

FIG. 9. A schematic of the experimental apparatus.
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FIG. 10. Experimental transients, parametric in temperature,
measured at 6 X 10° V/cm.
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FIG. 11. Comparison between experimental (full curves) and
simulated (dashed) transients. The field was 6 X 10° V/cm. The
simulations are for n, =8000, except for § =5.2 which has been
extrapolated from the data for n, <4000. The experimental
transient for 8=4.45 is coincident with the simulation for
6=4.4.
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FIG. 12. Hole mobilities in DEH evaluated from the rela-
tionship u=d/E(t;). Here (t;) has been determined from
the intersection of the asymptotes in either the double linear or
the double logarithmic representation.

schematic of the experimental apparatus. A more de-
tailed description of the experimental techniques has been
given elsewhere. 2%

IV. RESULTS

A series of transients measured with a 5.6-um sample
at various temperatures is shown in Fig. 10 in double
linear and in Fig. 11 in double logarithmic representa-
tion. The transition from what is conventionally termed
nondispersive to strongly dispersive behavior is obvious.
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FIG. 13. Experimental transients, parametric in voltage. The
plots are normalized to the arrival time at short times.
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In Fig. 12, the mobility determined from the intersection
of asymptotes in either double linear or double logarith-
mic representation is shown as a function of temperature.
Earlier data?’ obtained with a 2.3-um sample are includ-
ed for comparison. The consistency with the present data
in the nondispersive regime is an illustration of the repro-
ducibility of both sample preparation and experiment. A
family of transients, parametric in voltage at 213 K, is
shown in Fig. 13.

V. DISCUSSION

The main purpose of this study is to clarify whether
the occurrence of the ND — D transition, as revealed by
time-of-flight transients that become featureless in double
linear representation, can be rationalized by the concept
of intrinsic disorder. The key parameters required for
comparing experimental and computed transients are o
and 2, characterizing diagonal and off-diagonal disorder,
respectively.? In the case of DEH, the problem is
simplified because the latter is negligibly small, as previ-
ous work has indicated.?” The width of the DOS can be
extracted from the temperature dependence of the mobil-
ity determined from nondispersive transients via Eq. (2).
By comparing experimental and simulation data,
0=0.101 eV is determined. In Ref. 27, 0 =0.104 was re-
ported. This value, however, was extracted from the
temperature dependence of the extrapolated zero-field
mobility. This procedure slightly overestimates o be-
cause it ignores the deviation of the mobility from an
exp(BE'/?) law at low fields.?® The difference, however,
is on a percent level only. Having determined o allows
translating the temperature scale into a & scale needed
for comparing experiment and simulation. Figure 11
shows that within the limit of experimental resolution
and, notably, accuracy of simulation data, the agreement
is good. It is worth noting that the only adjustable pa-
rameter is the time scale of the simulation. A comple-
mentary consistency check is provided by a plot of the
mobility versus &> for the sample thicknesses of 5.6
(present data) and 2.3 um.?’ The results are shown in
Fig. 12. The solid lines represent the simulation results
for E=6X10° V/cm and L =2.3 and 5.6 pm, respective-
ly. Again, the only adjustable parameter is the absolute
time scale of the simulations, chosen in such a way to en-
sure matching of the high-temperature data. Again, the
agreement is good. It is particularly noteworthy that the
predicted variation of &, with the sample length is
verified. This is an unambiguous manifestation of the
success of the disorder model to quantitatively account
for TOF transients within a broad temperature range en-
compassing the ND — D transition temperature.

The implication of the above results concerning the
role of polaronic effects in charge transport will be illus-
trated by a simple estimate. If one would plot the mobili-
ty data obeying Eq. (2) in an Arrhenius relationship, one
would obtain an apparent temperature-dependent activa-
tion energy

dln(p/uy)  gg?
=— = ) (4
B0 k a(1/T) 9kT )
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At T =263, 0=0.101 eV gives A;=0.40 eV. Assume
that only one-half of the measured activation energy was
due to disorder, the remaining being due to polaronic
effects. Then the width of the DOS would be 0.071 eV.
One would then expect the ND—D transition from
thickness-independent to thickness-dependent transport
to occur at 172 K, instead of 244 K as observed. Even a
10% polaronic contribution would depress the transition
temperature by 14 K. We therefore reinforce the impli-
cation of previous work?’ that the polaronic contribution
to the temperature dependence of the mobility in DEH
cannot be much in excess of the uncertainty involved in
determining o, which is of order 3 meV. This is in ac-
cord with results for other materials. 3*3!

We now address the implication of the present results
for the interpretation of dispersive transport in random
organic media in more general terms. Dispersive tran-
sients are often analyzed in terms of the algebraic decay
functions*

A R

0t sy (5)

i(t)e

This procedure has been shown to be appropriate when
transport occurs by multiple trapping'?~!7 or hopping*
within an exponential distribution of trapping or hopping
states provided that Ty /T > 1, T being the slope param-
eter of the distribution.3* Equation (5) is a consequence
of the temporal course of energetic relaxation of carriers
within the DOS. Because of the faster tailing of a Gauss-
ian DOS, energetic relaxation is slower than an exponen-
tial DOS and dynamic equilibrium can finally be estab-
lished. Unfortunately, replacement of an exponential by
a Gaussian DOS renders the mathematical treatment in-
tractable in analytical terms. Instead, one has to rely on
approximate method such as the effective-medium treat-
ment of Movaghar and co-workers,?! or simulation.
Their mutual consistency has meanwhile been demon-
strated. As a consequence, the time dependencies of the
mean energy of a packet of carriers and their diffusivity
no longer can be cast into simple analytical expressions.
The recognition that the excess diffusivity of carriers in
the dispersive transport regime is to first order propor-
tional to their rate of energetic relaxation does not pro-
vide a basis for data analysis either, since the latter quan-
tity is not experimentally accessible.3* The unfortunate
consequence is that upon analyzing dispersive transients
for disordered molecular solids known to feature a
Gaussian-shaped DOS, one has to rely on numerical
methods although the underlying stochastic processes are
well understood.

From Fig. 2, the failure of Eq. (5) for rationalizing
dispersive transients in a material with a Gaussian DOS
is obvious. Operationally one can, nevertheless, deter-
mine a dispersion parameter from the current transient in
double logarithmic representation within, say, the last
one and a half decades in time prior to the inflection be-
cause the curvature is small on this time scale. Figure 14
presents experimental as well as simulation data for the
related slope —(1—a;) of the double logarithmic curves
for t <(t;). Empirically, —(1—a;) < (& —3.9)3%. This
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FIG. 14. Experimental (open circles) and simulated (solid cir-
cles) values for the slope parameters of Scher-Montroll plots.

relationship differs from that in earlier simulation work
on samples consisting of 40 lattice planes only. In view of
the limited sample size, only the initial portion of the re-
laxation processes could then be followed.

The parameter a; may be used to characterize a disper-
sive transient, although it must not be considered as the
dispersion parameter in the sense of Scher-Montroll (SM)
theory, implying that it can be recovered from different
functional dependencies. The failure of this procedure
can be illustrated by the following argument.

(a) SM theory predicts* (t;) «(d/E)"/® Simulated
transients do, in fact, bear out a superlinear dependence
of {t7) on the sample length, as shown in Fig. 5. How-
ever, a values determined via Eq. (5) are larger than a;.

(b) According to SM theory, slopes of double logarith-
mic plots should add to 2, implying that in the time
domains t2(t; ) the decay of the current is controlled by
the same a. Figure 14 contradicts this prediction.
Despite considerable data scatter, it is obvious that a,,
inferred from the tail of the double logarithmic plots, al-
ways exceeds a;. This is a common observation, fre-
quently encountered in analyzing dispersive transients in
disordered molecular solids, and no general solution to
the problem has been offered thus far. The present work
demonstrates that is an inherent feature of dispersive
transport in a Gaussian DOS. It is a signature of the
failure of Eq. (5), in particular of the fact that the disper-
sion parameter is not a good statistical quantity for
describing dispersive transport processes.

(c) The relationship (t;)<(d/E)'/® implies that
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within the dispersive regime the dependence of (¢;) on d
and E should have the same exponent. In view of the
very considerable increase in computational time with de-
creasing field at large &, we did not attempt to simulate
the field dependence of {t;). However, experiments on
DEH at 213 K, i.e., =5.5, show a (t;) < E™ relation-
ship with m =2.5. These results yield a=0.4, as com-
pared with a;=0.55 derived from the slope of the double
logarithmic plots. The results are shown in Fig. 15.

These results demonstrate that the scaling behavior
considered to be a hallmark of dispersive transport is not,
except at best in zero-order approximation, fulfilled in the
case of hopping within a Gaussian DOS. Scaling is the
consequence of an algebraic waiting time distribution
W(t)«t ~ 1% %) with a being independent of time. This is
realized in materials in which multiple trapping within an
exponential trap distribution prevails. Hopping within a
Gaussian DOS, which is the signature of organic glasses
and molecularly doped polymers, does not fall into this
category. One can rationalize the violation of scaling in
terms of the energy relaxation function. In the case of
multiple trapping or, equivalently, hopping in an ex-
ponential DOS, energetic relaxation of an ensemble of ex-
citation strictly follows a logarithmic time dependence,
independent of the absolute time scale. Changing the ex-
perimental time scale by varying the sample thickness or
the field will not, therefore, change the relaxation pat-
tern. Concomitantly, current transients are universal on
a double logarithmic scale. For a Gaussian DOS, the en-
ergy relaxation function is no longer linear on a logarith-
mic scale but tends to settle at a mean energy —o2/kT
below the center of the DOS. Changing the time scale by
varying either the sample length or the field will therefore
alter the relaxation pattern. Reducing the length will
shift the relaxation pattern into a time domain in which
JAE /dInt is larger, i.e., render the transients more
dispersive. On the other hand, increasing the field will
raise the mean equilibrium energy of carriers with the
consequence that equilibrium is attained earlier.

The similarity between the transients presented herein
and literature results of a wide range of molecularly
doped polymers”3%3¢ suggests that the present explana-
tion grasps the main elements of charge transport in the
disordered molecular solid state. The ubiquitous strong
temperature dependence of the transport parameters ar-
gues strongly in favor of the predominance of energetic
disorder, as opposed to geometrical disorder involving
tunneling among localized states or transport on fractal
surfaces. On the other hand, the transients reported by
Miiller-Horsche, Haarer, and Scher!® for poly(N-
vinylcarbazole) exhibit a faster initial decay than predict-
ed by the concept of solely intrinsic energetic disorder.
The most likely reason for this discrepancy is the pres-
ence of structural traps, such as incipient dimers, provid-
ing another channel for carrier relaxation. In fact, previ-
ous’” and more recent®® simulations on large-size trap-
containing samples indicated that the presence of traps
does enhance the initial current decay. Since the concen-
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FIG. 15. The temporal shift of the transients of Fig. 13, para-
metric in the applied voltage.

trations of inadvertent physical and chemical traps de-
pend on sample preparation, and in the case of poly(N-
vinylcarbazole) on tacticity, it is all but surprising that
transients measured in different laboratories on different
samples differ in certain details while following the same
general pattern. This pattern includes the occurrence of
a transition from nondispersive to dispersive transport,
the absence of rigorous universality, deviations from alge-
braic time dependencies, and the strong temperature
dependence of the mean carrier arrival time.

VI. CONCLUSIONS

The present work substantiates the conclusion that the
disorder parameter(s) of a material are of more funda-
mental importance than a heuristically defined dispersion
parameter. Knowledge of the disorder parameters allows
the establishment of a consistent microscopic interpreta-
tion for both dispersive and nondispersive transport. In
this study, only energetic disorder has been considered.
It has been shown that transients for a material with
weak off-diagonal disorder can, in fact, be understood in
quantitative albeit nonanalytic terms. Any effect of su-
perimposed off-diagonal disorder needs to be delineated
in future work.
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FIG. 9. A schematic of the experimental apparatus.



