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Abstract
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We present analysis of the mobility field dependence in

disordered organic materials for the model of mixed dipolarwhereg is the width of the total density of state (DOS)k:

quadrupolar disorder. The analysis shows that the reliab®.9x 10* (cm/V)", andX is the parameter that characterizes

separation of contributions from the different sources othe spatial disorder. So, to characterize any material, you

disorder could be achieved only in rare cases. Additionallyjust need to know three parametgrs o, and Z. More

we discuss the unusual dependence of the charge carrierportant, the most significant parameterandX describe

drift mobility in molecularly doped polymers on the the contributions from all types of disorder in the uniform

concentration of traps which has been observed recentlyay that does not depend on the particular kind of disorder.

This dependence differs from the expected inversélence, in the GDM different kinds of disorder (disorders of

proportionality that should be valid for trap-controlled different nature) are indistinguishable. Recent results show

transport. Using simulation results we argue that reason fahat this is not trué&’

this dependence is the faulty method of the mobility

calculation from photocurrent transient. Our results also  Could We Separate Contributions From

show that the mobility, estimated from the time of Different Kinds Of Disorder?

intersection of the asymptotes to plateau and trailing edge of

photocurrent transient, is very sensitive to variation offo discuss the situation in more detail we limit our

transient shape and, in some cases, effectively masqueradessideration to the 1D model of charge carrier transport

real concentration and field dependence of the true mobilitywhere carrier motion in 3D medium is limited to the straight
line oriented along the field direction. In this mddel

Introduction JoKT
_ _ H=— 0 3)
Recent years significantly changed our understanding of the e dyexp(— eyEl KT [ @)- € }/( k)F)
charge carrier transport in disordered organic materials. We 3

understand now that the main property that governs the - ) )
transport behavior of the materials is the spatial correlatiog"d the mobility field and temperature dependence is
in the distribution of the energy levels of transport sites. determined by the spatial behavior of the binary energy-
For example, the spatial correlation is responsible for th@nergy correlation function
Poole-Frenkel (PF) dependence of the carrier drift mobility -
on the electric field that is generally observed in polar € ={UEL) “)
disordered organic materials Extensive Monte Carlo simulation of the transport in
3D dipolar medium showed that the 1D model gives a
pu eXF(V*/E)- (1) reasonably good description of charge carrier tran$pora
i i typical case site energy U(r) contains contributions Ui(r)
At the same time, this new approach made morgom gifferent sources of disorder (dipolar, quadrupolar,
complicated the analysis of the experimental data in order tQon-correlated, and so 3h. Assuming for simplicity
obtain the relevant parameters which describe properties gdason that different kinds of disorder give totally
the particular material. We should mention here that thgoncorrelated contributions, we can write the correlation

older Gaussian disorder model ('G[flvr)opula.rized 00 fynction C(r) as a sum of individual contributions
simplistic approach to the analysis of experimental data.

Indeed, in this model Cc(r) = > C), C(r)=(U;()U; (0). (5)
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Different terms in (5) have, in general case, differenttase an experimental mobility field dependence looks quite
dependences on™*’ and, thus, different kinds of disorder linear when plotted as invs E, but an attempt to analyze
do differ from each other. For example, for the dipolarit in terms of dipolar model (8) would result in meaningless
disordet® value forg,. The same arguments are valid for the analysis
of the mobility temperature dependence. We should admit
Cq(r)= 0.74053 , (6) that the reliable separation of different contributions to the
r total DOS widtho could be achieved only in rare cases.

while for quadrupolar disorder

C,(r)= 0507 %?-g 7)

(herea is the minimal separation between charge carrier an
dipolar or quadrupolar molecule). Correspondingly, the
resulting mobility field and temperature dependence is nc
the same for different kinds of disorder. For example, in the 5t
case of pure dipolar disorder

0
o, .oy S
InpuO- +2—SJeaE/ kT, 8 .
Ho"HaH " ® 50t
while for pure quadrupolar disorder =
o,f 292 00,07
NuO-090 + 2 ~590 (eak/ k1)**. ©) 15 |
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Mobility field dependence for the mixture of dipolar and
quadrupolar disorder and Miller-Abrahams hopping rate is g
presented in Figure 1. Contribution from the Van der Waal: 0 05 1 15 5
component gives mobility field dependence/ Ia E*® and ' '
for the trap-controlled transport gn] E. Note, that the
qguadrupolar mobility field dependence (9) should be quite
common in weakly polar organic disorder materiads)d 0
mixture of dipolar and quadrupolar disorders should be ¢

good model for the general case of trap-free disordere
organic material.

It follows from (3-5) that in general case, if we have 5 |
contributions from several kinds of disorder with
comparable values af, then it is not possible to present a
simple formula for the mobility field and temperature
dependence that could be comparable with (2). Figure .
obviously confirms this statement. With the decrease of ths
dipolar contribution the mobility field dependence gradually
transforms from the dependence (8) to the dependence (9).

However, mobility field dependence could present a .15 |,
clear indication of the existence of several contributions tc
(5) only when mobility is measured in exceptionally wide
field range (in Figure 1 field changes by more than 3 order:
of magnitude). Taking into account a limited field range .20
accessible in real experiments, quite poor accuracy ¢
experimental data, and inevitable contribution of dispersive
transport (which brings the quadrupole dependence (9) eve
more close to the PF dependence (B) fhe possibility to
calculate individual contributiong from experimental data Figure 1. Mobility field dependence for the mixture of dipolar and

seems to be dubious. _ quadrupolar disorders with’ @ 194\ aried from 0 to 1 (step 0.1,

Quite frequently the field range analyzed iNfom the top curve downwards) and &T/=0.25, where
experiments is about one order of magnitude (or even more, 2

narrow), and in this limited range the field dependence (9) i 9 . Ifo=0.1eVand a = 10A, then eaE~ 1 at E =
not clearly distinguishable from the dependence (8). In thigoe v/cm.
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How to Calculate the Carrier Drift Mobility much better agrees with mobility calculated from the mean
from the Photocurrent Transient carrier velocity ¥>.

For the calculation of the carrier drift mobility from the
experimentally measured photocurrent transient twc
different procedures are generally used. In the first one, th
mobility value is calculated from the time of intersection of
two asymptotes - to the plateau and to the trailing edge c
the transient (f); in the second procedure the time for
photocurrent to decay to the half of its plateau vd|us
used [, see Figure 2). The first method is the method of ) lp
choice for most experimental papers. There is a generall
accepted opinion that in the case of essentially
nondispersive transport it is not important which method is
used for the mobility calculation: field and temperature
dependences of mobilities, calculated by different methods /2
are essentially the same apart from insignificant differenc
in mobility value. We are going to demonstrate that this is
not true at least in the case of trap-controlled charg
transport in disordered dipolar materials.

Our previous resultsindicate that the PF dependence
for dipolar materials in moderate fields remains essentially -
the same in the presence of traps (apart from the trivie t; tyz  time
vertical displacement of the curve downwarfts) any trap
concentration and depthwhile in stronger fields a new
dependence develops, namely the linear one

current

Figure 2. Two methods of mobility calculation from the
experimentally measured transiept: = L/t E and u,, = L/t,, E,
Inu OeaE/ kT (10) here L is the sample thickness.

where a is close to the mean distance between transpol
sites. -5

In recent papers Vertas and Juhéolf et al’ and Lin
et all° studied the transport of holes in doubly doped
polymer layers. Molecules of one dopant, added in smal
concentration, and possessing significantly lower ionizatior
potential, served as traps for charge carriers. In these studi
it was found that, for shallow traps, the PF dependenc
remains mainly untouch&d while for deep traps a linear
dependence (10) was observiedthe whole field rangé.
This result is in striking disagreement with the predictions
of the theory.

The most puzzling experimental result, first observed in
[8] and later confirmed in [10], is the unusual dependence ¢
the mobility on trap concentratian

1.28
1.13
1.05

In u (arb. units)

poi/c (11)

with n > 1 instead of expected dependence with 1 for
trap-controlled transport. This result does not agree with thr  _1g
theoretical dependence found in [7], where 1.

Results of computer simulation (details of simulation
are described in [5,7]) of hopping transport in 3D dipolar Inc
medium containing traps show that the sole reason for these o _
discrepancies with theoretical results is the particulafigure 3. Mobility dependence on the trap concentrationofsi
method of the mobility calculation (intersection method),= 3-83, eaE¢= 0.44, AKT = 10, and L = 1,000,000 lattice planes
used in [8,10]. This method overestimate the contribution ofor different methods of mobility calculationy=<v>/E -
fast carriers and in some cases effectively masquerades ttii@mondgn = 1.09, y,, - squaregn = 1.13), andy, - triangles(n
real mobility dependence dhandc. Figures 3 and 4 show = 1.28). HereAis trap depth. If T =298 K and a = 10 A, therr
that the mobility, calculated by the one-half procedurep.098 eV, E = 4.% 10 V/cm, andA =0.26 eV.
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Figure 4. Mobility depadence a the electricfield for o/kT =
383, AKKT = 10, ¢ = 0.01, and L = 40,000 lattice planes for
different methos of mobility calcdation: y, - diamonds, p,, -
triangles, andy, - squares.

At last we would like to note thahe best way to
calculae the mobility (from the pont of view of its
closenesto the usual definition aseélmean carrier velocity
over the electdfield strength) is to use the formula

L 1L 12)

EE dtl (t)

whete Q is the total charge flowed throughsample.This
formula @n be used whena real platea with an
approximately constant currelt) = I = ep<v>Sis detected
(herep is the density of carriers arglis the sample area),
and ore can measar the photocurrenfor a long time
interval, sufficient to calulateQ with good accurey.

Conclusion

We analyzed the mobility fieldependene for the most
realistic case of the mixture of dipolar and aguupolar
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disordersOur results indicate that the reliable separation of
the contrbutions fiom different knds d disorder mg be
achieved onlyn rare cases, when it is possibbenieasue a
nondispersive mobilityni broad field ange.

We showed that in some situatiortke mobility,
calculated in a usual way, by the timeitersection ofwo
asymptots - to the plateauregion and to the trailing edge of
the transient plays a misleadingole inthe revelation of the
mobility depndene on the electric field and trap
concentrationThe best way to calculate the nondispersive
mobility is to use Eq (12). If it is not possible for some
reason, then the mobility, calculated by the time for
photocurrent to decayp the h#f of its plateau valueshould
be used for discussiorf experinental results.
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