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We analyze the correlation between nanostructure and charge transport i2-pefthoxy,5-
(2' ethyl-hexyloxy-p-phenylene vinylene(MEH-PPV) films. The MEH-PPV films prepared in tolue€L)
as well as chlorobenzer€B) solvents were investigated using the time-of-flight method and x-ray scattering.
Nondispersive hole transport was observed at room temperature in devices prepared from both solutions. The
field and temperature-dependent mobility were analyzed by the Gaussian disorder transport model. The posi-
tional disorder parameter in CB is larger than that in TL films. Both energy and position disorders affect the
transport property in the devices from CB whereas only energy disorder affects this property in devices from
TL. Correspondingly, according to the x-ray scattering measurements, the TL-cast flms have larger chain-
packed domains and less order-disorder transition interfaces than those for CB-cast films, along the surface
normal, i.e., the charge transport direction.
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I. INTRODUCTION The electric field and temperature-dependent mobility
have been an intense subject of research. In polymers and
Organic electroluminescent conjugated polymers are tectrganic molecules, the mobility generally follows the Poole-
nologically important materials for display applications be- Frenkel behavior,
cause of the ease of processing and flexibility in synthesis. In[ w(E)/ o] =SEY2 1)
Fundamentally, they represent a new class of materials in _ ) o
which charge carrier transport between closely packed eled?N€reE is an externally applied electric fiel&is the slope

tronically active chromophores, deserving further underf the field-dependent mobility, ande-, is the zero-field

standing. Polyp-phenylene vinylendPPV) and its soluble mobility. A powerful method to analyze nondispersive charge

A : + _ transport in organic materials is the Gaussian disorder trans-
e ot MOds(GDN) proposes b Ealr and -
films have been documented in the literature, however, wit the GDM, charge carrier movements through the materials

) ' o I};\re simulated by hopping between transporting sites on a
less work on the charge transport studies. The relationship,,;c |attice with fixed distance. Two important parameters
between the charge transport and the morphdt8gyimpor- i the GDM model are energy and position disordeX. The
tant in the design of light-emitting diod¢sED’s), Iasgrsf energy disorder parameter describes the spread of energy
and transitor§. The change in photophysical properties de-|evels associated with transport. The position disorder pa-
pending on the processing conditions results in the change ilymeter describes the fluctuation of intersite distance and
the efficiency of the LED'S”*? coupling between sites. It is natural to expect that material

In luminescent conjugated polymer films, charge transporiorphology can strongly influence and 3. For a given
is governed by hopping processes and mobility can be meahemical structure, these parameters might depend on pro-
sured by the time-of-flighTOF) method. In TOF measure- cessing conditions, temperature treatment, and the solvent
ments, a sheet of charge carriers produced by a short nanased to prepare films. Note that there are extensive publica-
second light pulse moves through the material under théons using the Scher-Montroll continuous-time random-walk
influence of an externally applied voltage and departs thenodel to analyze dispersive transptt’ Because we are
material at the transit time,,, with a mobility u=L/t.E,  observing nondispersive transport, we use Gaussian model to
whereL is the thickness of the sample aBds the externally analyze experimental results.
applied electric field® For carriers moving with constant Original and modified versions of GDM’s have been ap-
velocity, the ideal photocurrent transients from the TOFplied extensively on variety of polymers and molecularly
method resemble rectangular shapes. The dispersion of thkped polymers to understand how material properties affect
carrier velocity and traps states will cause the actual phototransport. For example, the modified GDM was used to de-
current transients deviating from the ideal shapes. This feascribe molecularly doped polymers with lower doping
ture in the photocurrent transient provides microscopic inforconcentratiot®® In these materials the charge carrier mo-
mation about charge transports. bility is influenced by the presence of the charge-dipole
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interaction?°~2? The dipole moment can be easily measured
to correlate the observed property changes. Fewer attempt ' cB
have been made to correlate charge carrier mobility with the> T
packing of charge-transporting molecules. One of the efforts3
includes addition of charge-transporting molecules in mate-8 TL
rials such as polistyreng, with doping concentration con- 061
trolling the intersite distanc®. Alternatively, the hopping-
site distance can be modified by the chemical structure of the
molecules’* Both approaches provide straightforward meth-
ods to identify the nature of packing. Conjugated polymers S 021
provide different kinds of challenges due to close packing of
the charge-transporting sit&s. 0.0
The morphology of MEH-PP\{noncrystalline material — T r ——
is well known to be sensitive to processing conditions. A 00 850 800 680 700750 800
considerable amount of work has been reported on the pack- wavelength (nm)

ing conformations of the polymer chains in different sol- G, 1. The PL emission spectrum of MEH-PPV excited at 520
vents. It was found that the packing structure of MEH-PPVnm for device prepared frorta) TL and (b) CB solutions. Spectra
in solutions might transfer to the filnf§-2%In this paper we  are offset vertically for clarity.

address the hole transport properties of MEH-PPV films and

their connection to the film morphology controlled by sol- ¢jrcle diffractometer in the National Synchrotron Radiation
vents[toluene(TL) and chlorobenzenCB)] used to castthe Research CentéNSRRQ, Taiwan. The x-ray beam, mono-
thin films. The positional parameter obtained from the GDM:hromated to 1.5 A, was collimated into a beam size of 0.25
is _consistent with film morphology measured by x-ray scatym height and 0.4 mm wide at the sample position by two
tering. The present work attempts to connect structure propsets of slits separated il m apart. Small-angle x-ray scat-
erties with parameters in Gaussian disorder model. We sho%rmg SAXS, measurements were performed on the 8-m
the clear corr_espondence between the position disorder paaxs instrument at Tsing-Hua University, Taiwan, with the
rameter obtained from the GDM and the structure of thejim surfaces being either perpendicular or parallel to the
films characterized by x-ray scattering. The merit of usingpeam. For the SAXS measurement we detached the sample

the x-ray scattering technique for direct structural informa-hin films from glass substrates. The detached films were
tion of MEH-PPV films cast from different solvents has beenyan carefully folded into thick layers-120 um thick and

realized earlier by, for instance, Yamrg al?®
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Il. EXPERIMENTAL METHODS CB-cast Film on ITO-coated glass [
MEH-PPV solutions of 5 mg/cfhin CB and TL were 100 - TL-cast Film on ITO-coated glass

used to prepare thick films on a precleaned ITi@dium E
tin oxide)-coated glass substrates. The top gold electrodes ] 0,
were deposited using a thermal evaporator. Devices were ]
prepared from two different solution batches. The detailed -

ty

10" 3 Depth Density profile

1v1

procedure of device preparation and TOF instrumentation 5 ] 70 { —— CB-cast Film

was described in a previous publicatidithe nascent poly- 2 1~ 604 ——— TL-castFilm

mers were characterized by tetrahedral defect and moleculai& 107 ¢ 303  ITO substrate 3
weight measurements. The tetrahedral defect density ob- f% 40 3

tained from the NMR measurements wa2%. A molecular : % ;g -
weight of ~250 000 and polydispersity of 6.5 were obtained 10 5 10 3 . 3
from gel permeation chromatography measurements. Recen ] 0 Fﬂm L_J_i\lr ;
studies show that the mobility and the type of transpat., ] 0 L 3 4 s

dispersive or nondispersiveary with defect concentrations 104 4 Depth (um) L
and molecular weights of polymer sampfe8.Since charge ] s Wil ———
transport in conjugated polymer films can be affected by ei- 0.01 0.1
ther variation of conjugation length or morphology, all films 0 (A"

used in the present study were prepared from the same

sample batch to minimize the variation in conjugation length. g 2. X-ray reflectivity data for the toluerf@L) cast(squarels

Therefore, the differences in the charge transport observeghg chlorobenzenéCB) cast(diamonds films of MEH-PPV. Both

for the TL or CB sample thin films are attributed mainly to sets of data are fitte@ashed curveusing the scattering-length-

the solvent-dependent film morphology. density profiles shown in the inset, respectively. Also shown are the
Photoluminescence spectra were recorded by a spectrofeflectivity data(circles and the fitting resultsolid curve for the

lurometer(Spex Fluorolog-B The x-ray reflectivity for flms  ITO-coated glass substrate for identifying the critical wave vector

on ITO-coated glass substrate was conducted on an eightf the ITO-coated layer a,~0.04 A~1.
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FIG. 3. The photocurrent transients(& linear scale andb) at log-log scalgthe arrow points the transit timat room temperature for
films prepared in TL and in CB solutions. The electric field is 10° V/cm. Both films have thickness of 3Zm.

~5mx5mm dimensions. The in-house SAXS instrument0.04 A™L. The smaller critical wave vector indicates that
uses an 18-kW rotating-anode x-ray source of a copper tafilms cast from different solvents have the same density,
get. After monochromatization by a graphite crystal, thesinceQ.=(4mpb)Y2 Herepb is the scattering length den-
x-ray was collimated into a pencil-like beam of 1 mm diam- sity determined by the densigyof the film and the molecu-
eter by a there-pinhole collimating system. With a beamlar scattering lengtlp for x rays. The same second critical
wavelength of 1.54 A and a sample-to-detector distance ofvave vector aQ.~0.04 A~ reflects the ITO-coated layer
3.8 m, the SAXS instrument scanned tQerange between of the glass substrate. The drop of reflectivity from unity
0.008 and 0.2 A* whereQ =4 sin(6/2)/\ is defined by the  between the two critical wave vectors is due to the beam
scattering anglef and the wavelengthx of the radiation  apsorption upon traversing the films. The slightly higher re-
quanta. A two-dimensional multiwired area detector wasectivity profile for the CB-cast film is due to smaller beam

used to record the data. The x-ray results presented here &jgsorption, thus a smaller film thickness than the TL-cast
corrected for sample transmission, background, and detect@jy, 14 extract detailed structural information of the films

sensitivity and normalized to an absolute scattering scale b%om the reflectivity data, we used a standard model-fitting

comparison with a standard sample of polyethylene. The abélgorithm for multiplayer structures. This model considers a

Eglrlginsgaettt\zggg s%ﬂfeg?!gﬁg?g grggﬁsestr?g: :Tr]]gargsr'giacagqéontinuous transition between successive layers of different
pb, accounted for by a Debye-Waller-like facdr.

The beam absorption effect was also taken into account in
the fitting algorithm, using a film density of 1.06 g/émnd

The fluorescence spectra of the drop-casted films ar¥-ray linear absorption;=4.83 cm* (for 1.5-A x ray3 cal-
shown in Fig. 1 for samples froita) TL and (b) CB. There culated from the total reflection wave vector of the film. In
seems to be less aggregation in films drop-casting from botfact, both sets of data can be fittésolid curves with a
solvents, judging from the relative weak 650-nm band in themodel of a thick MEH-PPV layer sitting on the ITO-coated
photoluminescencéPL) spectrunt. Moreover, there is no glass substrate, using the same scattering-length degsity
significant difference in PL spectra of films from different the inset of Fig. 2 with a thickness of 2.um for the CB-
solvents. The x-ray reflectivity data for the TL- and CB-castcast film and 3.5um for the TL-cast film, respectively. The
films are shown in Fig. 2. Both samples exhibit the sameaesult shows that the depth density profiles of the MEH-PPV

critical wave vector for total reflection &.~0.022 and films are independent of the cast solvent used. The smooth-

Ill. EXPERIMENTAL RESULTS AND ANALYSIS
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tion of the circuit, limited byRCtime constant of the circuit,
limits the high-temperature mobility measurement. Finally
dielectric breakdown sets the limit for high-field measure-
ments. For temperatures lower than 225 K, the transport be-
comes so highly dispersive such that the deduction of transit
time by the log-logt plot becomes unreliable. Figure 4
shows the field-dependent mobility from 225 to 325 K at
intervals of 10 K for devices prepared frofa) TL and (b)

CB. The mobility of the TL devices is higher than that for the
CB devices. Throughout the temperature range investigated
here, the mobility follows the Poole-Frenkel relationship, Eq.
(1). The slopeS of the field-dependent mobility and the zero-
field mobility ug—o in Eg. (1) are calculated for further
analysis. The energy disorder parameiarmeV) is deter-
mined by the zero-field mobility using the following rela-
tionship (see Fig. 5,

BE-0)=mo XA —(To/T)?], 2

where i is the mobility at infinite temperature arig, is a
characteristic temperature of the material. The energy disor-
der parameterr, which is the width of Gaussian density of
states, is related t®, as To=20/3k, wherek is the Boltz-
mann constant. Figure 5 shows theug_o) vs 1/T? plot for

FIG. 4. The field dependent mobility at different temperaturesTL and CB films. The energy disorder values for the devices
starting from 225 to 335 K at the interval of 10 K for devices for CB and TL are 922 and 631 meV, respectively.
prepared from(a TL and (b) CB.

ness of the scattering-length-density profiles density pro-
files along depth directigrobtained from the x-ray reflectiv-
ity data clearly demonstrates

(averaged in the in-plane directipacross the films.
Figure 3a) shows the linear TOF transient plots for both easily!* Because charge carriers can detour around the next

TL and CB devices with a film thickness of 3/m. The

the high homogeneity

The electric-field dependence of the mobility is stronger
in TL devices than that in CB devices at room temperature.
This is an indication that positional disorder is larger in the
CB films for the following reasons.

In the presence of larger positional disorder, charge carri-
ers can diffuse against the direction of the applied field more

energetically favorable charge-transporting site by diffusion,

well-defined plateau in linear TOF transient plots demon-t may travel against the applied field, thus making the mo-

strates the high qualities of the samples. At room temperability smaller. As a result, the dependence of mobility on
ture, the TOF transients exhibit a spike at the beginningapplied field becomes less prominent as the positional disor-
followed by a plateau and finally a long tail, indicating a der increase®® Furthermore, as temperature increases, the
nondispersive behavior. The initial spike is due to fR€  slope of the field-dependent mobility decreases for materials
time constant of the apparatus. The transit time was detewith large positional disorder. This is because the thermal
mined from the loglogt plot by crossing of the asymptotes energy of charge carriers increases as the diffusion process
to the plateau and the declining slope, shown in Fi@).3 becomes more prominent at high temperature. This behavior
The field and temperature ranges from which mobility can bes observed in the CB devices, where Figh)dshows that the
extracted from TOF current transits depend upon several faslopeS gradually decreases as the temperature increases. On
tors. The Signal-to-noise ratio limits the mobility measure-the other hand, the slope of the field-dependent mobility of
ments at low fields and low temperatures. The time resoluTL devices depends weakly on temperat[fay. 4(a)]. De-

124
TL CB
144 a
144

Ng @ § . FIG. 5. The zero field mobility
2 6] NG 7 is plotted against T7 for devices
§ g prepared from(@) TL and (b) CB
= = 18+ to determine energy disorder pa-
- rameter.

184 -204

008 Py ooz oo 0.008 0.010 0.012 0.014
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CB PPV, measured with a beam parallel to the film surface. The black
T T T v T T ! rectangle indicates the film orientation, whereas the cross indicates
0 5 10 15 2 S the incident direction. The vertical strong scattering axis seen cor-
A2 responds to the depth structural information of the fi(l. SAXS
o pattern for the free-standing filfsquar¢ of MEH-PPV, measured

FIG. 6. The slopdS) at different temperatures is plotted against With @ normal incident bearfcross.

&2 for devices prepared from TL and CB to determine position ] ) ) ) )

disorder parameter. the film, show a circular isotropic pattefirig. 7(b)] for a
symmetrical structure in the in-plane direction. Figure 8
vices made from TL films have larg&values, i.e., mobility ?leﬁ?e;izstséﬁéi irﬁ):ﬁfelliug‘;ctgi]o-rrr;g?:jﬁlrz?:tig:dﬂ]ce B(;ne-
;E(r:ézases more rapidly with the applied field at all temper"Jl'dimensionall-Q data shown in Fig. 8 were obtained by av-

The actual value of the positional disorder parameter israging from the two-dimensional detector pixels of the

) . . . sameQ values along the symmetrical scattering directions.
obtained by pl_ottlnzg the SIOE’%? obtamezd for various tem- The SAXS profile for the TL film shows the power-law scat-
peratures againsk-, where o“=(o/kT)“. The results are

N - . . tering characteristid (Q)« QP with p=4.2 (long dashed
shown in Fig. 6. The position disorder parameter is- 10for : . :
CB and less than 1.5 for TL films. For the CB filr8, de- line). On the other hand, the corresponding SAXS profile for

creases rapidly as the temperature increases from 225 to 3 CB film has the power-law behavior gf=4 (short
K. This is characteristic of disordered semiconductors, wher ashed line in Fig. Bin the higherQ region. The CB data

o . o - : en deviate from the power-law behavior foQ
the position disorder is important as discussed in the prece £0.02 A, In the fractal model, scattering dominated by a

ing paragraph. The mobility is also less sensitive to eleCtri%ractal surface morphology is described kQ)Q (¢~ 9

field in the CB film, another characteristic of geometrical : ; X
dlisortljer On the :)ther hand, the strong Idelpendgnﬁwaf—l with the surface fractal dimensidd between 2 and % For
X ' h@n extreme limit of the flat surface withs=2, the fractal

ues on temperature is not observed in TL films. Hence th& : . By
hole transport in the TL film is mainly affected by energy scattering degenerates into the Porod law(@)=Q" . A

disorder, while the charge transport is governed by both en§Iightly largerp than four indicates rougher interfac¥shs

ergy and position disorder in CB devices. '
Although there was no significant difference in the PL 104 §
spectra, field- and temperature-dependent hole transport is
different for CB and TL films. These results show that subtle
changes in morphology related to charge transport do not 107 ]
have any effect on the PL emission. However, the x-ray scat- \
tering results do exhibit different morphology. While the ]

CB-cast film

00 ]+ TL-castfilm

Slope = -4

x-ray reflectivity data shown previously reveal very much e 1 ' E
the same depth-density profilesveraged over in-plane E 10° ] i
structureg for the CB and TL films, the SAXS result clearly ~ 1 slope=-42 '
demonstrates different local structural characteristics for the 104 ] [
CB and TL films, as detailed below. +E

The two-dimensional SAXS patterns obtained with x rays 107 parallel Incidence ¢ [
parallel and perpendicular to the CB film surface are shown W
in Figs. 1a) and 1b), respectively. With the incident beam 103 e R ) l [
being nearly parallel to the film, the SAXS measufé&y. 0.01 01

7(a)] shows an impressive uniaxial symmetry in the direction (A
perpendicular to the film surface. The TL film also exhibits Q

similar results. The pattern indicates a larger amount of local  FiG. 8. SAXS profiles along the surface normal direction for the
structural inhomogeneityaggregates or chain-packed do- TL (circles and CB(squarescast MEH-PPV films, under a parallel
maing existing along the depth direction of the film. On the incident beam. The data are fitted by the power-law scattering with
other hand, the SAXS pattern with the beam perpendicular tp=—4.2 and—4.0 (solid and dashed ling$or the respective film.
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Q decreases, the surface scattering behavior gradually trafer MEH-PPV in CB than that in TL. These solution-
sits to the mass or fractal mass scattetif@)>=Q Pm, with  dependent structure characteristics for MEH-PPV may be
the mass fractal dimensidiequal to the scattering powgy  trapped in the films to a certain degree and may relate closely
Dn=3. The sizeR of the fractal facets of a scattering entity to the differences in the structure features observed in the
then can be estimated froRr~ 1/Q; . Here,Q; is a crossover CB- and TL-cast films.
point in the transition of scattering behavior from the surface Here, we emphasize the correlation between the structural
fractal to the mass fractal. According to the fractal model, thgnformation and the charge transport for the MEH-PPV films.
interfaces for the CB-cast film between the ordered and disgor ocal structure, the SAXS data shown in Fig. 8 indicates
ordered domains are smoothgr=(4) than that for the TL-  that the CB film has smaller orderéchain-packepidomains
cast film (p=4.2), reflecting a better orientation of the aro- 4ng more order-disorddrhain-not-packextransition inter-
matic rings of MEH-PPV along the film plane in the CB-castfaces than the TL film along the vertical direction. Thus the
film. Unfortunately, in theQ range studied, we could not gistance fluctuation between hopping sites is larger in CB
observe the transition from the surface scattering to the magms, which corresponds to large positional disorder, accord-
scattering for both films. Thus, we have difficulty in deter- jnq to the GDM. This is consistent with our charge transport
mining the size of the secondary ordered domains for thgesyt, where we have a much larger position disorder for the
films using the fractal model. Nevertheless, the earlier depaicpg fijm. Despite the differences in the local structure ob-
ture of the CB data from the surface scattering characteristicseryed directly by SAXS or indirectly by the TOF measure-
indicates a smaller domain size or correlation length in thgnent hoth films have a similar global homogeneous mor-
depth direction for the CB-cast film, in comparison with the phology, as revealed by the x-ray reflectivity data.
TL-cast film. o _ A general method to describe morphology in luminescent
Furthermore, the surface fractal scattering intensity relategonjygated polymers is through the termggregationand
to the total interfacial area and the scattering contrast at thgonaggregationwhich has been widely used to explain the
interfaces’ The significantly higher §urfgce gcattering_ inten- change in the photophysical properties of conjugated poly-
sity (Q>0.02 A™1) of the CB-cast film implies more inter- mers. Aggregationmeans the overlap of wave functions of
facial area orientation in the direction parallel to the film gne or more chromophores in the same chain or different
surface. Here, we have assumed the scattering contrast at thgains of the polymer molecule. The effect of aggregation
transition interfaces of the order and disorder domains inan pe observed from optical spectroscopic methods such as
both films is similar. This assumption may not be far off p|_ spectra or by scanning near-field optical microscpg.
from the reality, since both films have similar depth de”Sityaggregates, it is generally argued that the emission essen-
profiles, as revealed by the x-ray reflectivity measuremenfia|ly comes from the overlap of orbitals between two ad-
discussed previously. In comparison with the TL-cast f”majacent chromophores, which may be from same chain or
the smaller ordered domains with more ordered-disordereglom the neighboring chains, separated by less than 1 nm.
transition interfaces across the CB film may discourageconsequently a change in distribution of the alignment or
charges more in traversing the film. We feel that the densegrientation of the polymer chains in longer length scale will
distribution of the order-disorder transition interfaces, whichfect the charge transport but may not influence the overall
discourages the charge transport more, should correspond [{@minescence of the material.

the larger position disorder parameter of a larger diffuse ef- The results in the present work show that structural fea-

fect observed in the CB film. tures influence the transport property more than that of the
aggregates and nonaggregates found in the PL spectrum. The
IV. DISCUSSION evidence for this comes from Fig. 1, since there is no signifi-

cant change in the PL spectra of the devices from CB and TL

In this study, we have found the charge transport of thedevices. The charge transport property is characterized or
conjugate polymer films relates delicately to the local pack-affected by the presence of long-range ordering in polymer
ing characteristics of the MEH-PPV molecules. Since thesamples prepared from different solvents. Charge transport
solvents used for casting the films affect the final structurabf the films relates to the hopping of charge carri@nsthe
morphology of conjugated polymer networks and thus theoverlap of m-orbitalg within and between the ordered
charge transport, the microscopic mechanism of the strugchain-packegland nonordered regiorishain-relaxeglin the
tural evolution of MEH-PPYV from solution to final cast films films. Therefore the size and distribution of the ordered re-
deserves further discussion. Most likely, the solution strucgions, influencing the hopping rate and its dispersion, can be
ture of MEH-PPV can be kinetically trapped in the nonequi-decisive in the nondispersive charge transport observed for
librium drop-cast films, resulting in the observed solvent-the MEH-PPV films cast from CB and TL.
dependent structure and consequently the solvent-dependentThe situation here is very much different from the at-
transport property. Indeed, the small-angle neutrortempts to understand the effects of geometric disorder on
scattering® result for the solution structures of MEH-PPV mobility by doping materials with charge-transporting sites
shows that MEH-PPV in TL and CB have the same powerin poly(styreng matrix2® In poly(styrene, the dopant mol-
law scattering of (Q) ~Q~P with p=1, indicating a similar  ecules tend to form clusters and the intersite distances are
rigid local interchain packing for MEH-PPV in both somewhat defined in the entire polymer matrix. Monte Carlo
solutions®® On the other hand, Nguyen, Doan, and simulations can be performed by considering the charge hop-
SchwartZ® reported a significantly larger radius of gyration ping from the center of the one cluster to anotffén MEH-
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PPV, both regions viz., ordergdlosely packegdand nonor- are working on extension of the work of Rakhamanova and
dered (loosely packel regions have transporting sites Conwell to include spatial inhomogeneity. This should pro-
participating in the charge transport processes. The intersitade further insight for connection of x-ray measurement and
distances for the hopping of the charge carriers may be smattansport model. In addition to the inhomogeneity effect, an
inside the ordered regions and larger in nonordered regiongxtension of the disorder model to include correlation effect
Although the Basler's phenomenological disorder model might also be essential in applying the disorder model to a
provides a useful starting framework for theoretical underdarger class of materiafS.

standing, the model does not take into account sample inho-
mogeneity. Only spatial-averaged energy and position disor-
der parameters in the materials can be obtained from the
model. Rakhamanova and Conwell took the first step to In summary, the electronic properties controlled the
include inhomogeneity in energy disorder theoreticilly. charge transport in MEH-PPV cannot be fully accessible by
Their model incorporated energy disorder 120 meV in someptical spectroscopy such as fluorescence measurements. But
part of the material, and 80 meV in the other part. The simuthere exists correlation between TOF and x-ray results. The
lation indicated a decreased mobility by a factor of 10. Thehole transport in toluene devices is controlled predominantly
zero field mobility followed Arrenhius (lpc1/T) rather by the energetic disorder and in CB devices by both energy
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