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We have compared time-of-flight curves predicted by hopping and multiple trapping models with the
Gaussian and exponential site/trap energy distributions, fitting Monte-Carlo predictions of the former
with numerical calculations of the latter in a wide time domain using logarithmic coordinates lg j–lg t
for the characterization of current shapes and an estimation of transit times. As a prototype hopping the-
ory, we used the Gaussian disorder model while for representing the quasi-band theories we relied on the
multiple trapping model, both of these for two types of the site/trap energy distributions. In case of the
Gaussian distribution of trap depths, fitting procedure requires adjusting of the two model parameters
(an energy distribution parameter r and a frequency factor m0). For an exponential distribution, a one-
parameter (m0) fitting suffices. The dipolar glass model, unlike the Gaussian disorder model, is basically
different from the multiple trapping formalism, but a recently introduced two-layer multiple trapping
model seems capable of reproducing TOF current shapes rather well.

� 2014 Elsevier B.V. All rights reserved.
1. Introduction

Carrier transport in molecularly doped polymers (MDP) occurs
by field-assisted and thermally-activated hopping in a spatially
and energetically disordered manifold of the transport sites (dop-
ant molecules) randomly dispersed in a polymer binder. Depend-
ing on the electronic properties of these molecules (electron
donors or acceptors), an MDP may be a hole or an electron conduc-
tor respectively. The main characteristic of the charge transport in
MDPs is the carrier mobility experimentally determined by the
time of flight (TOF) technique [1,2]. At present, a universally
accepted point of view is to treat this phenomenon in terms of
the existing hopping theories. Among these three models are most
popular. First is the Gaussian disorder model (GDM) proposed by
Bässler [3,4], the mainstream tool for processing numerous results
on the mobility field and temperature dependence with the aim of
finding the model parameters via the dipolar disorder formalism
developed by Borsenberger and Bässler [5,6]. The second is a
recently emerged dipolar glass model (DGM) [7,8], which seeks
to overcome the basic limitation of the GDM, its inability to
describe consistently the ubiquitous Poole–Frenkel (PF) type of
the mobility field dependence in MDPs [1,2]. There is yet another
approach, also emphasizing, like the DGM, the correlation effects,
but taking into account the polaronic effects as well, which seems
to give a consistent explanation of the field and temperature
dependence observed [9].

All of the above hopping theories require time-and labor con-
suming efforts to perform Monte-Carlo simulations, which greatly
hinders their wide application not only in engineering practice but
also among scientific community. It is due to this reason that their
heuristic counterparts (mainly multiple trapping (MT) model) are
still widely used for the simulation of electro-optical devices
[10–13].

Although only hopping theories give a true microscopic descrip-
tion of the charge carrier transport in MDPs, much simpler argu-
mentation provided by MT models could be justified by the close
analogy between the so-called transport energy in the hopping
models and the mobility edge in the quasi-band approach
[14,15]. Transport energy, defined as the most probable final
energy level of the hopping carrier does not depend on its initial
energy if this is situated deep enough and the density of states
decreases fast with the depth of the state. This concept suggests
that the major exponential contribution to the temperature depen-
dence of the hopping mobility in the steady state could be ade-
quately described by the transport energy serving as an effective
activation energy. Though the above approach was sometimes crit-
icized [16] and is certainly not well suited for description of the
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hopping transport in correlated energy landscape [17], it provides
a useful heuristic link between MT and hopping models.

The first Monte-Carlo simulations of the GDM [18–20] showed
that TOF current shapes closely resemble those predicted by the
MT theories for respective trap distributions. Later publications
[21,22] confirmed these findings. It was even claimed that both
responses might even be identical at low electric fields [23]. In fact,
these papers had only shown that transient shapes for both models
were similar but no attempt had been made to confirm that mobil-
ity field and temperature dependences were identical in a sense
that a relation between microscopic parameters of the equivalent
models could be established. In this paper, we are going to fill this
gap, if only partially.

2. Formulation of the problem

We compare theoretical models using typical set-up of the TOF
experiment in which a sheet of carriers is instantly generated in a
polymer slab near the illuminated electrode. The surface density of
generated charges R0 (cm�2) is much smaller than that residing on
the electrodes (small signal regime), so that an electric field F0

inside the bulk of the polymer is constant and uniform. Due to ran-
dom motion of individual carriers, the carrier sheet continuously
spreads as it drifts to the collecting electrode. An observable quan-
tity in TOF experiment is the current density j(t) in the external cir-
cuit. The main characteristics of computer simulations are current
shapes and transit times, which we compare for different models.
The TOF problem is treated as one-dimensional with the x-axis
running along an applied electric field. Charge transport in MDPs
occurs as a hopping process, so we use the GDM Monte-Carlo sim-
ulation data as a primary source information to be fitted with the
MT numerical calculations.

2.1. Hopping models

We considered hopping models with the Gaussian (the GDM) as
well an exponential (EDM) site energy distributions. Monte-Carlo
simulations of the TOF transients were quite similar to those
described previously [3,4]. Parameters of the hopping models refer
to a typical polar MDP: polycarbonate doped with 30 wt% p-dieth-
ylaminobenzaldehyde diphenylhydrazone (30% DEH:PC) [24,25],
which is a hole-only conductor.

We assume that transport molecules occupy sites of the simple
cubic lattice with the nearest-neighbor distance a = 1.165 nm. The
sample thickness is L ¼ 2� 104 a = 23.3 lm. The transfer rate is
given by the standard Miller–Abrahams expression [4]. The inverse
wave function localization length c is such that 2 ca = 10. The zero-
field mobility l0 for the case of no energetic disorder as given by
the dipolar disorder formalism is taken to be 0.02 cm2/(V s). There
is a well-known relation between this quantity and the frequency
mhh of carrier jumps to the nearest neighbor sites on a cubic lattice
(e is an elementary electric charge and k is the Boltzmann con-
stant) [26]

l0 ¼ ðe=kTÞa2mhh ð1Þ

In our case, mhh = 3.7 � 1010 s�1. In Monte-Carlo simulations, the
quantity m�1

hh = 2.7 � 10�11 s serves as a normalization time. Site
energy distributions are as follows [20]

MðEÞ ¼ a�3ffiffiffiffiffiffiffi
2p
p

r
exp � E2

2r2

 !
ðGDMÞ ð2Þ

MðEÞ ¼ a�3

E0
exp � E

E0

� �
ðEDMÞ ð3Þ

where �1 6 E 61 (Eq. (2)) and 0 6 E 61 (Eq. (3)).
2.2. MT models

Now we would like to briefly discuss the basic physics of this
formulation. It is well known that the MT model, based on the
quasi-band arguments proposed by A. Rose [27], in its present form
is a powerful instrument for describing a plethora of photo- and
radiation-induced conductivity results in disordered solids [28]
as well as for interpretation of the carrier transport in such systems
[29]. Of course, this approach exists only on a phenomenological
level.

It is assumed that in a hole-only conductor, photo excited holes
appear in a mobile state. Their quantum yield depends on the
applied electric field and temperature according to the Onsager
theory (see [30]). Subsequent hole migration (drift and diffusion)
proceeds in the presence of traps whose depths are statistically
distributed in energy. Trapping of the mobile carriers is a first order
non-activated process while thermal detrapping obeys the Boltz-
mann statistics with a frequency factor common to all traps. The
bimolecular recombination is of the Langevin type and takes place
between mobile holes and the immobile electrons (recombination
centers). Direct transitions of holes between traps are forbidden,
their migration being possible exclusively via thermal excitation
into the valence band.

Following A. Rose, we solve numerically the following set of the
coupled differential equations, which are standard for the MT
model:

@q
@t
¼ P0

s0

MðEÞ
M0

� qm0 exp � E
kT

� �
; ð4Þ

P ¼ P0 þ
Z þ1

0
qdE; ð5Þ

@P=@t þ l0@ðFP0Þ=@x ¼ 0: ð6Þ

Eq. (4) is the rate equation describing the gain and loss of holes
between the trap manifold and the transport manifold. A corre-
sponding equation for the evolution of holes includes the same
gain and loss processes, but also includes drift due to the applied
field. We have introduced the combined trap and free population,
and broken this equation into two parts, as expressed by (5) and
(6).

We assume that a sheet of holes in the conducting states with
the planar density R0 is generated near the front electrode at
x = 0, Pðx; tÞ is the total concentration of carriers, P0ðx; tÞ is the con-
centration of mobile holes in transport manifold with the quasi-
band mobility l0 and the lifetime s0, and the density of holes in
the trap manifold is given by qðx; E; tÞ (here E is the trap energy).
The frequency factor is m0. The distribution of trap energies MðEÞ
is given by a half-Gaussian distribution for positive values of the
argument with rms r for the MTg.

MðEÞ ¼ M0

r

ffiffiffiffi
2
p

r
exp � E2

2r2

 !
ð7Þ

and

MðEÞ ¼ M0

E0
exp � E

E0

� �
ð8Þ

for the MTe (M0 is the total trap concentration while E0 is the distri-
bution parameter). In both formulas E is positive (note differences
with Eqs. (2) and (3)). In Sections 2.1 and 2.2 we used the same
symbols l0 and r (or E0) as these are meant to be identical. In com-
putations one of the probe values of r is 0.13 eV while E0 = 0.05 eV
is kept constant. Dispersion parameter for both EDM and MTe is
equal to a = kT/E0. Besides, R0 in both MT models is 108 cm�2.
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As we see, the continuity Eq. (6) lacks a term accounting for the
diffusion current and this circumstance helps a lot to simplify its
solution. To justify this condition, one has to conduct TOF experi-
ments at medium to large fields, presumably exceeding 5 V/lm
[33]. In this case, a hole packet drifts simultaneously spreading
due to the stochastic nature of the trapping/detrapping processes,
this last process overwhelming the conventional thermal diffusion.
At small electric fields, one has to take into account the negative
diffusion currents severely distorting the observable TOF transients
to the extent that misinterpretation of the mobility field depen-
dence might easily happen [15,31–33].

3. Simulation results

3.1. Comparison of the GDM with the MTg

We tried to approximate simulated GDM curves with MTg cal-
culations in the same way as in [34,35] where we fitted experi-
mental TOF transients with the MTg. The GDM parameters are
extracted from the experimental data using the dipolar disorder
formalism of Borsenberger and Bassler [1,5,6]. These include the
total disorder energy r, and the extrapolated zero field mobility
l0 at T !1. We used those values as a starting set for the corre-
sponding MTg parameters (r and l0) and assume that the zero-
field frequency factor m00 ¼ 6mhh = 2.2 � 1011 s�1. Numerical com-
putations have been done at a fixed electric field 2 � 107 V/m
and we neglected the possible field dependence of the frequency
factor m0 assuming it equal to m00 (the GDM predicts a weak mobil-
ity field effect [3,4]). Finally, the remaining MTg parameter s0 is
defined as 3 m�1

00 [35].
Our procedure linking GDM and MTg parameters is semi-

empirical [34,35] and it is interesting to compare it with more rig-
orous treatment given in [14,36]. One of the proposed relations
looks like (in our notations) m00s0 � 1 (in our approach this product
is equal to 3) while m00 ¼ 6mhh where mhh is given by Eq. (1) (in full
agreement with our definition). So slight differences concern
parameter s0, which may need adjusting.

Fig. 1 presents calculated results for both models. The temper-
ature range used is unusually broad and temperatures 405 or
522 K seem untypical in MPD studies but they are quite appropri-
ate for numerical simulations of model predictions (see [19,20]).

We use three main parameters to characterize time of flight
curves: preflight b1 and postflight b2 slopes of the asymptotes of
the transients plotted on lg j� lg t scale (j / t�b), and the transit
time ttr given by intersection of these asymptotes (see solid curve
Fig. 1. GDM (solid) and fitting MTg (dashed) curves for a fixed m0 = 2.2 � 1011 s�1

and different values of temperature: 232 (1), 290 (2), 348 (3), 406 (4) and 465 K (5),
correspondingly.
1 on the figure). The mobility is defined in the usual way
l ¼ L=ðttrF0Þ.

We have long advocated this procedure for estimating transit
times of both experimental and theoretical TOF transients as a uni-
versal tool. Here, the uniqueness of retrieving model parameters
considerably improves because in addition to the transit time ttr ,
there appear two more quantities b1 and b2, which are very sensi-
tive to variation of r. Note that this approach is the only one appli-
cable to the case of dispersive transport (see below) and has been
used exclusively in our work on parameterization of MDPs
[34,35,37,38].

We started with parameter values used in the GDM including
r = 0.13 eV. As Fig. 1 shows, the calculated transit times agree
rather well only at 290 K. The disagreement increases as the tem-
perature rises or lowers. The most intriguing result is that in all
cases, the slope parameters differ markedly and always b2 (GDM)
is greater than b2 (MTg). For example, at 290 K they are equal to
3.3 and 2.2, respectively. The opposite inequality exists for b1.
We can improve fitting quality using r and m0 as adjustable param-
eters. Fig. 2 illustrates such a procedure for 232 K. The best result is
achieved for r = 0.11 eV and m0 = 0.95 � 1010 s�1.

Fig. 3 shows that an excellent agreement is observed at all other
temperatures with only slight adjustment of the frequency factor
(see Table 1). Note the mobility is about 3 � 10�11 m2/V s at
290 K and agrees well with published data for 30% DEH:PC
[39,40] (the modeled MDP).
3.2. Comparison of EDM and MTe

Fig. 4 shows transients for the EDM (solid lines) and the MTe
(broken lines) for E0 = 0.05 eV and F = 4.3 � 106 V/m in a broad
temperature range. The dispersion parameter is equal to 0.5 at
290 K.

Unlike the GDM, there is no straightforward procedure to find
the proper values of the MTe parameters and we had to rely on
the theory of the strongly dispersive (a 6 0.6) transport [29,41]
which predicts that

ttr ¼ m�1
0

Cð1þ aÞLffiffiffi
2
p

l0s0F0

" #1=a

; ð9Þ

where CðxÞ is gamma-function. It is notable that transit time is
marked by the intersection of the asymptotes of a TOF transient,
Fig. 2. GDM (dashed curve) and MTg curves to fit it for r = 0.13 (1), 0.12 (2), 0.11
(3), 0.10 (4) and 0.09 eV (5). Frequency factor is fixed (see text). All curves are
normalized at the time of flight. Temperature is 232 K.



Fig. 3. GDM (solid) and fitting MTg (dashed) curves for r = 0.11 eV and an adjusted
frequency factor (see Table 1). Temperature is 232 (1), 290 (2), 348 (3), 406 (4) and
465 K (5), correspondingly.

Table 1
Best fitting values of m0 (s�1) for MTg and MTe.

Temperature, K MTg (r = 0.11 eV) MTe

232 0.95 � 1010 2.5 � 1010

290 1.20 � 1010 4.5 � 1010

348 1.11 � 1010 6.5 � 1010

406 1.08 � 1010 8.5 � 1010

465 1.15 � 1010 1.1 � 1011

522 – 1.2 � 1011

Fig. 4. EDM (solid) and fitting MTe (dashed) curves for E0 = 0.05 eV and fixed values
of m0 and l0s0 (see text). Temperature 232 (1), 290 (2), 348 (3), 406 (4), 465 (5) and
522 K (6). Applied electric field 4.3 � 106 V/m.

Fig. 5. EDM (solid) and fitting MTe (dashed) curves for E0 = 0.05 eV and adjusted
values of m0 (l0s0 is fixed, see text). Temperature is 232 (1), 290 (2), 348 (3), 406 (4),
465 (5) and 522 K (6), correspondingly. Applied electric field 4.3 � 106 V/m.
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which run as algebraic functions of time: j / t�1þa (preflight one)
and j / t�1�a for the postflight one, with b1 þ b2 = 2 (the famous
sum rule of the strongly dispersive transport [42]). Using the above
formula for 290 and 348 K, we find m0 = 2.5 � 1010 s�1 and the prod-
uct l0s0 = 3.0 � 10�17 m2/V. These numbers have been used to cal-
culate other MTe curves presented on Fig. 4.

Note that unlike GDM, here parameters b1 and b2 for EDM and
MTe agree well, but times of flight do not. To improve fitting, it is
enough to vary only one parameter. We choose to keep l0s0 con-
stant and vary m0 (Fig. 5). The final fitting is quite satisfactory.
We found that, unlike the Gaussian case, the optimal value of m0

increases significantly with temperature (Table 1).

4. Mobility temperature dependence

Having done calculations for the GDM and EDM in a broad tem-
perature range, it is interesting to examine the temperature depen-
dence of the mobility and compare it to theoretical predictions. In
the GDM, it is customary to plot mobility temperature dependence
in coordinates lg l vs. T�2. The zero-field mobility l0 plotted in this
way allows determining of the total disorder energy r [1,3,4]. Gen-
erally, it defines the so-called effective ref according to the follow-
ing equation

lnl ¼ const � ð4=9Þr2
ef =ðkTÞ2 ð10Þ

In our case, lg l� T�2 – dependence is clearly concave with an
evaluated parameter ref changing from 0.11 (low temperatures) to
0.16 eV (high temperatures). The observed difference between the
GDM parameter r = 0.13 eV (to be found as ref for F0 ! 0) and its
best fitting value ref = 0.11 eV for the low temperature branch of
the curve (Fig. 6) should be attributed to the effect of an applied
electric field (the situation typical for experimental data [1,4]).

Analysis of the mobility temperature dependence in terms of
the EDM is more complicated. We know only of one paper [20]
dealing with this question which reported that for T < 330 K (for
E0 = 0.043 eV dispersion parameter a 6 0.66) there was a close
analogy of the computed TOF transients with the predictions of
the MTe. The above example demonstrates that to analyze this
data we may apply the theory of the strongly dispersive transport.
Using formula (9), one obtains (see also [41])

l ¼ Lm0

F0

Cð1þ aÞLffiffiffi
2
p

l0s0F0

" #�ðE0
kTÞ

: ð11Þ

For a 60.6, gamma-function is almost constant (0.896 Cð1þ aÞ 61)
and may be replaced with a unity, so that the activation energy is
given by the following formula

Ea � E0 ln
Lffiffiffi

2
p

l0s0F0

" #
: ð12Þ

Thus, the predicted temperature dependence of mobility in terms of
the EDM at low temperatures (a 6 0.6) follows the Arrhenius law,
so that under these conditions lgl vs. T�1 – dependence appears
as a straight line.



Fig. 6. Mobility temperature dependence predicted by the GDM plotted as lg l vs.
1=T2. Solid line is a B-spline approximation to the computed data points. Straight
line defines ref . Applied electric field 2 � 107 V/m.
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Our data (Fig. 7) agree with calculations presented in [20] while
deviations from the straight line start to appear for T > 350 K. With
the exception of several high temperature data points, our data
leads to Ea = 0.58 eV in good agreement with experimental data
obtained for the modeled MDP (Fig. 11 in [39]).
5. Discussion

At all stages of theoretical studies of the carrier transport in dis-
ordered solids starting with the dispersive hopping theory by Scher
and Montroll in 1975 [42], followed by the development of the
MTe [43,44], two types of site/trap energy distributions (exponen-
tial and Gaussian) were closely interconnected. While position of
the MTe in ordinary polymers seems firmly established [28], the
GDM, which dominated the scene for more than 15 years (1981–
1998) [1,2], nowadays seems to be increasingly challenged by
the correlated disorder models. Controversial situation with the
carrier transport in MDPs has been recently emphasized in a post-
humous publication by Schein [45].

The problem mainly concerns the origin of the horizontal pla-
teaus frequently appearing on the TOF transients in polar MDPs
[1,2]. An interpretation suggests itself linking plateau formation
with the transport equilibration when mobility attains its quasi-
equilibrium value. The ultimate embodiment of these arguments
presents the concept of a trap-free transport initiated by Abkowitz
[2]. It is known that the GDM indeed predicts such a possibility,
albeit at long times [3,4]. The fact is that numerical calculations
Fig. 7. Mobility temperature dependence predicted by the EDM plotted as lgl vs.
1=T. Solid line is a B-spline approximation to computed data points. Straight line is
used to evaluate Ea . Applied electric field 4.3 � 106 V/m.
using MTg parameters determined via the dipolar disorder formal-
ism definitely show that flat plateaus are not expected to appear
under conditions at which they were reported in literature [34].
This data should not be taken to mean that quasi-equilibrium
has been established in the system; rather we witness in this case
an interference effect of the surface depletion layers. An applica-
tion of the MTg has helped a lot to establish this fact [37,38].

In addition, the lingering controversy regarding the hole trans-
port in polyvinylcarbazole (PVK) started back in 1970 [46], contin-
ued through 70s and 80s [47–49], seems to have been resolved
only recently [50,51]. According to the last two works, carrier
transport in this polymer is highly dispersive with the dispersion
parameter a �0.6–0.64 at room temperature. This data agrees with
an estimation of its total disorder energy r = 0.145 eV (see review
[52]). Original estimate of this energy was 0.1 eV [3]. Note that this
polymer served as a prototype disordered solid for the develop-
ment of the GDM.

In this situation, we tried to see how well MT models could
approximate the corresponding hopping theories, which may be
regarded as the mainstream theories of the carrier transport in
MDPs. Indeed, we have shown that hopping theories (the GDM
and EDM alike) could be well approximated by the MT theories
in a broad time scale encompassing the transit time. However,
the MTg allows such an approximation for a fixed two-parameter
set over the whole temperature range tested, while the EDM
required a case-to-case variation of the fitting parameter (a fre-
quency factor) for every temperature used. This proves that the
GDM is properly accounted for by the MTg. In the case of EDM, fur-
ther studies are needed to understand the failure of the MTe to
reproduce quantitatively its hopping analogue for a fixed set of
parameters. It is a concern that the prefactor has temperature
dependence, and presently we have no explanation for this.

Finally, it should be remembered that the sought equivalence of
hopping and MT models has been effected keeping an electric field
constant which should be considered as a severe limitation of our
undertaking. But this is quite understandable since a similar prob-
lem of the transport level in the hopping transport first introduced
by Monroe in 1985 [53] is still under close examination (see
[14,36] and review [15]).

It is well known that at low temperatures carrier transport
becomes dispersive [1], so that TOF experiments in these condi-
tions could be analyzed by the MTe. As already mentioned, this
model for a 60.6 allows a closed-form expression for the time evo-
lution of the TOF current transient [41]

jðtÞ ¼ eR0l0F0

L
½dsðtÞ=dt�½1� ð1þ 1ðtÞÞ expð�1ðtÞÞ�: ð13Þ

Here, sðtÞ ¼ s0ðm0tÞaa�1½cða;m0tÞ��1, where cða; xÞ ¼
R x

0 expð�xÞxa�1dx
is the incomplete gamma-function and 1ðtÞ ¼ L=½l0F0sðtÞ�. The
packet shape is an exponential

Pðx; tÞ ¼ R0

l0F0sðtÞ
exp � x

l0F0sðtÞ

� �
: ð14Þ

We have extensively used these formulas in our study of the
hole transport in PVK [51]. TOF community seems to ignore this
theory as its application implies data processing in logarithmic
coordinates while the bulk of the TOF information has been
obtained using linear plots. Unfortunately, unlike PVK, the above
approach fails for most MDPs at room temperature featuring a
weakly dispersive transport (an effective a exceeds 0.75), so we
had to abandon it and switch to the numerical calculations using
the MTg [35,37,38].

It is important that MT theories incur some loss of microscopic
information. Indeed, parameters l0 and s0 enter into all formulas
as a product only, while the transit time depends exclusively on
the product l0s0m1=a

0 as formula (9) proves. This is in sharp contrast
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to the GDM whose parameters are determined rather uniquely via
dipolar disorder formalism. That is why we use this formalism as a
starting point in MTg parameter selection.

One more point clearly deserves attention. It concerns behavior
of ref or Ea at varying field strengths: as F0 increases, both param-
eters decrease. In this respect, data presented in [39] are signifi-
cant. In a tested MDP (40% DEH:PC) authors of the cited paper
studied the mobility temperature dependence in both representa-
tions (lg l–T�2and lg l� T�1) at fields varying between 7.5 and
155 V/lm. In a temperature range 220–290 K, all graphs could be
linearized to give reliable information on ref and Ea (Figs. 8 and
9 in [39]). The first parameter decreased from 0.11 to 0.07 eV (at
zero-field limit ref = r � 0.13 eV). Similarly, the second parameter
diminished from 0.47 to 0.23 eV with Ea = 0.6 eV at zero-field limit.

At the tested temperature range, the hole transport in 40%
DEH:PC may be presumed dispersive, so that formula (12) allows
direct application, if only semiquantitatively. It shows that increas-
ing field strength by an order of magnitude causes Ea to decrease
by no more than 0.1 eV. It is evident that effects of the dispersive
transport could explain only a part of the observed field influence
just as is the case with the ubiquitous Poole–Frenkel (PF) type
mobility field dependence observed in MDPs [1]. Its origin has been
established only recently by the dipolar glass model [7,8,25], as
indicated earlier.

It is the only theory successfully explaining the ubiquitous PF
mobility field dependence. Being hopping in nature with dopant
molecules acting as hopping sites (quite similar to the GDM), it dif-
fers drastically in that the site energy is no longer an independent
random variable with the Gaussian distribution but is defined by
the potential landscape created by the randomly oriented static
dipoles. It has been shown that now site energies are spatially cor-
related: close sites tend to have close energies but the overall site
energy distribution stays Gaussian. It is due to the correlation
effect that the DGM predicts PF mobility field dependence in a
broad field range (8 � 103�2 � 106 V/m) [54].

There are features in the DG, which seem to prohibit a straight-
forward application of the previously proposed reasoning in
searching for possible equivalence of the DGM and the MTg.
Indeed, sites with close energies form clusters whose size depends
on the applied electric field [7,8]. This feature defies MT formalism.
The notion of the transfer energy, conducting states and traps seem
to disappear in the DGM [17]. Therefore, we consider that there is
no reason for seeking equivalence of the DGM and MT models.
Indeed, broad post flight current tails (b2 � 2.0–2.5) in combination
with almost flat plateaus is a challenge for all existing hopping the-
ories featuring random site energies. In fact, an empirical quasi-
ballistic model seems to capture the main features of DGM pre-
dicted TOF transients [24].

Recently introduced a two-layer MT model with an exponential
[55] or the Gaussian [34,35] trap distributions has been claimed to
reproduce flat plateaus and broad post flight tails on TOF tran-
sients. This happens because of interaction of the two approxi-
mately equal current sources, originating in the dopant depleted
surface layer (delayed injection) and in the polymer proper, the
total thickness of the generation zone being much smaller than
the sample thickness. Along recommendations given in [56], the
PF mobility dependence has been incorporated through corre-
sponding PF dependence of the frequency factor [35]. The other
parameters can be found as indicated earlier.
6. Conclusions

We compared time of flight curves computed by the Monte-Car-
lo technique using hopping theories with numerically calculated
multiple trapping transients testing their presumed equivalence
as far as their current shapes are concerned. Parameters of the
GDM refer to 30% DEH:PC as taken from literature. The same
parameters except for the energy site distribution have been used
for the EDM.

Due to the field dependence of ref in the GDM, one needs a two
parameter (r and m0) fitting procedure. Thus, to achieve an ade-
quate fitting of TOF curves we had to reduce r from 0.13 to
0.11 eV as well as the frequency factor from 2.2 � 1011 to approx-
imately 1.1 � 1010 s�1.

In the case of the EDM, TOF slopes are reproduced almost
authentically by the MTe and as a result, one parameter (m0) fitting
becomes possible.

Thus, we conclude that close fitting of the MHg and MHe tran-
sients with their respective MT counterparts seems possible using
quantitative recommendations given the paper.

The dipolar glass model is basically different from the MT for-
malism, but recently introduced a two-layer MT model seems
capable of reproducing TOF current shapes. The Poole–Frenkel
mobility field dependence, the main achievement of the dipolar
glass model, should be introduced into MT formalism in a pre-
scribed manner through field dependence of the frequency factor.
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