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ABSTRACT

Organic electronics and optoel ectronics are newly emerging fields of sci-
ence and technology that cover chemistry, physics, and materials science.
Electronic and optoel ectronic devices using organic materials are attrac-
tive because of the materials characteristics of light weight, potentialy
low cost, and capability of large-area, flexible device fabrication. Such
devices as OLEDs, OPVs, and OFETsinvolve charge transport asamain
process in their operation processes, and therefore, require high-perfor-
mance charge-transporting materials. Inthisreview article, first, someba-
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sic aspects of charge transport are discussed and then important mobility
measurement techniques employed in electronic and optoelectronic de-

vicessuch as OLEDs, OPV's, and OFETs are described.
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INTRODUCTION

Organic dectronicshasemerged asavibrant field
of research and devel opment, spanning chemistry, phys-
ics, materia s science, engineering, and technol ogy!*3
Therapid growth intheinterest given to n-conjugated
materiasin generd and organic semiconductorsin par-
ticular isfueled by both academiaandindustry. Onthe
basi c research side, n-conjugated materia sarefasci-
nating systemsinwhich arich variety of new concepts
have been uncovered duetheinterplay between their
n-electronic structure and their geometric structurg -
Ontheapplied research side, whilenot destined tore-
place silicon-based technol ogi es, organi ¢ semiconduc-
torspromisetheadvent of fully flexibledevicesfor large-
areadisplays, solid-gtatelighting, radio frequency iden-

tification tags, or solar cells.

Thedevicesmentioned above shareacommontrait:
indl instances, their performancecritically dependson
theefficiency withwhich chargecarriers(electronsand/
or holes) movewithinthe -conjugated materias. The
chargecarriersareether injectedinto theorganic semi-
conductorsfrommeta or conducting oxide e ectrodes
inthecaseof light-emitting diodesor fiel d-effect tran-
sistorsor generated within the materia sinthe case of
solar cdllsviaphoton-induced charge separation at the
interface between € ectron-donor and € ectron-accep-
tor components.

Sincethat firg demondration, organicthinfilmshave
proven useful inanumber of gpplications, someof them
now reaching the consumer market. Themost success-
ful istheorganiclight emitting device, or OLED, which
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iscurrently usedinlong-lived and highly efficient color
displays. Not far behind OLEDsareorganicthinfilm
transstorsand low cost and efficient organic solar cdlls.
Eventually, we may see more exotic devices such as
organiclasersand memories.

Chargetransport hasbeen asubject of interest from
the standpointsof both fundamental scienceand tech-
nology. Early studies of charge transport in organic
materialswere performed on both singlecrystalsand
disordered systems, for example, polymersand mo-
lecularly doped polymers, where small organic mol-
eculesaredispersedinapolymer binder. In particular,
molecul arly doped polymershave been studied exten-
svelyinview of their practica applicationsin photore-
ceptorsin eectrophotography. Therecent devel opment
of smdl organic molecul esthat readily form stableamor-
phousglasses, namely, amorphous molecular materi-
als, hasenabled the studies of chargetransport inthe
amorphousglassy stateof smal organic moleculeswith-
out any binder polymers. Chargecarrier mobilitiesof a
number of organic polycrystals have also been deter-
mined from the performance of OFETSs.

Mobility isone of the key parameters of interest-
both towardsrealizingimproved device performance,
aswel| asstudying the underlying semiconductor phys-
icsinthesematerids. Themeasurement of low mobility
(u<<lcnrV-ist)itsdf isanintriguing problem. Experi-
mentdly, thevauesof mobility obtained in polymeric
FETsand LEDsshow adifference of many orders of
magnitude, whereasthemobility measurementsby vari-
ous photocarrier generation techniques present differ-
ent trangport scenarios. Theunusua statistica mechan-
icsof dispersivetrangport isalso observedinthesedis-
ordered systems. The mechanism of transport in semi-
conducting polymeric material s has been the source of
much debate, and diverse model sthat attempt to ex-
plainitincludecarrier hopping betweenlocaized Sates,
pol aronic hopping and trapping/detrapping.

Theultimategod of conducting polymer scienceis
to produce materialsand devicesof higher quality. To-
wardsthisend, the study of chargetransport phenom-
enainthesemateriasisindispensable.

Thisreview articlefocuseson charge-carrier mo-
bility measurement techniquesused in electronicand
optoel ectronic devices such as OLEDs, OPV's, and
OFETs.

= Mieroreview
Characterization of chargemobility

The chargetransport in conjugated polymers can
involve many processessuch as”:
(1) Conduction aong the polymer backbone.
(2) Hopping across chainsdueto inter-chain interac-
tions
(3) Tunneling between conducting segmentsthat are
separated by less conducting regions, such asthat
observed in doped polymerslike PA.
Thechargecarrier mobility () in conjugated poly-
mersisrelevant to the operation of awide range of
el ectronic devices such as polymeric FETS(PFETS),
polymeric LEDS(PLEDS), photoreceptorsand photo-
voltaics. For example, the current through aPLED or
thepower of asolar cell aregoverned by mobility. The
mobility ininorganic semiconductors, defined astheratio
of averagecarrier drift vel ocity (vd) tothegpplied elec-
tricfidd (E), assumeslargeva ue(u>>1cn?V=1s?t) on
account of the nature of chargetransport (largely due
todiffusionin bands) inthese materials. Thecharge
carriers(electrons/hol es) in inorganic semiconductors
moveashighly delocalized planewavesin broad bands,
and their motionislimited by scattering from acoustic
phonons (latticevibrations) or by charged defects (ion-
ized donorsor acceptors). The scattering of carriersis
reflected inthetemperature dependence of themobility
(u<T-¥2for phonon scattering)- thereforethe mobility
increases asthetemperature decreases.
Inadisordered system, like semiconducting poly-
mers, transport involves phenomenasuch ashopping
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Figure1:M obility of semiconducting polymer scompar ed
with that of other semiconductors. Here ‘e’ denoteselec-
tron mobility and ‘h’ istheholemobility
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between | ocalized Steswhereinthe phononshe p over-
comestheenergy difference between stes. Themobil-
ity dueto thermally assisted hopping ismany orders of
magnitudelower than that dueto band transport; how-
ever, themobility isincreased uponincreasing thetem-
perature. Themohility of conjugated polymersiscom-
pared with other semiconducting materidsinfigurel.

Asweknow when avoltageisappliedtoasample
sandwiched between two el ectrodes, charge carriers,
that is, holesand el ectrons are transported acrossthe
sampleunder theeectricfield. Themain concernswith
chargetransport are how fast and by what mechanism
charge carriersaretransported.

Thevelocity of charge carriersisproportional to
thestrength of theapplied dectricfield andisexpressed
aseq
v=pf @
wherev isthevedocity of chargecarriers, Fisthestrength
of electricfield, and the proportional constant pisthe
drift mobility of chargecarriers, that is, thedistance over
which charge carriersare transported per second un-
der the unit electric field. It should be noted that is
dependent upon theel ectricfield for organic disordered
systems.

Thecharge carrier mobilitiesof organic materias
gresatly vary depending on thekind of chargecarriers,
namely, whether they are holes or e ectrons, molecular
structures, and materiad smorphologies. Different trans-
port mechanismsare operative depending onthe ag-
gregation states of materials, for example, crystaline
and amorphous states.

Experimental measurementsof carrier mobilities

Thelargemobility ininorganic semiconductorsis
determined by the Hall effect and conductivity mea-
surements® Thedrift mobility isthenrelated tothe Hall
mobility by a scattering factor that depends upon the
scattering mechanismsand distribution function of car-
riers. Thistechniqueisnot suitablefor high-resistance,
low-mobility polymers; hence other approacheshave
been used (Figure 2).

The charge carrier drift mobility has been deter-
mined by varioustechniques, someof which aretime-
of -flight(TOF) method®19; analysis of steady-state,
trap-free, gpace-chargelimited current(teady-state TH-
SCL C method)®; analysis of dark injection space-
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charge-limited transient current(DI-SCL C method)¥;
andysisof theperformance of OFETS(FET method)™*Z;
measurement of trang ent e ectroluminescence(EL) by the
application of step voltage (transient EL method)!™>4;
and pul seradiolys stime-resolved microwave conduc-
tivity (PR-TRMC) technique™. Resultsfrom methods
that measure mobilities over macroscopic
di stances(~1mm) areoften dependent on the purity and
order inthematerial. Methodsthat measure mobilities
over microscopic distancesarelessdependent onthese
characteristics. We briefly describe bel ow the basic
principlesof someof themost widely referenced meth-
ods.

Time-of-flight (TOF) method

TOF measurements have been studied most ex-
tensively with organic disordered systemssuch aspoly-
mersand molecularly-doped polymersin wherelow
mol ecular-weight organic materiasaredispersedin
binder polymers. The TOF method is based on the
measurement of the carrier transit time(6), namely, the
timerequired for asheet of charge carriers photogene
rated near oneof theelectrodesby pulsed light irradia-
tion to drift across the sampleto the other el ectrode
under anapplied eectricfield.

Samples used for the measurement are either a
single charge-transporting layer or doublelayerscon-
sisting of charge carrier generation and transport layers
(CGL and CTL, respectively) sandwiched between the
two electrodes, oneof whichistransparent. Inthe case
of measuring aholedrift mohility, thetransparent elec-
trodeisheld at apositive potentia with respect tothe
ground, whiletheother oneisgrounded through are-
sstance R which hasamuch smdler resstancethanthe
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sample. Thisleadsto an applied potentid V inthema:
terid. Hole chargesare generated by photo-excitation
of thefilmthrough irradiation with ashort pulselaser
(thewavelength of which depends on the absorption
band of materids). Oneof theadvantagesof usng TOF
techniqueisthat the holeand electron mobility can be
studied separately. Photo-generated charge carrierswill
gart moving to the negativeectrode. Thedrifting car-
riers build a current equal to Nev/d; where N isthe
number of charge carriersinthematerial, eistheel-
ementary charge, disthefilmthickness, andv isthe
velocity. For current measurements, the condition CR
<< 6(C thetotal capacitance acrossresistanceR) is
necessary to prevent therising time of thesignal from
beinglonger thanthetrangit timeo. Thetrangt time(0)
isdefined asthetimetheband of charge carriersneeds
totravel throughthesample

Thethicknessof samplesisusudly intherangefrom
5to 20um. The samplesare prepared using vacuum
evaporation, solvent cast from solution, or by pressing
melt sampleswithtwo ITO e ectrodes. Inthe case of
thedoublelayer structure (Figure 3), irradiated pulsed
light istransmitted through the transparent CTL and
absorbed by the CGL. Copper phthal ocyanine and
perylenebis(dicarboximide)s can beused asCGL ma
terids. Oneof thecharge carriers, either holesor elec-
trons, photogeneratedinthe CGL isinjected into the
CTL and then driftsacrossthe CTL to theelectrode.
Alternatively, photogeneration of chargecarrierstakes
place at theinterface between the CGL and CTL de-
pending upon thekind of CGL materids. When charge
cariersstart to drift, photocurrentsflow until thecharge
carriersarriveat the other electrode. Figure4 showsa
typical transient experimentally determined from the
cusp of nondispersive photocurrent, as showninthe
figure. In contrast to the non-dispersive photocurrent in
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Figure 3: Schematic diagram of apparatusfor atime-of-
fight method
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Figure 4 : Typical transient photocurrents: (a) nondis
persive; (b) dispersve. Inset: doublelogarithmic plot

Figure 43, the transient photocurrents observed for
polymers and molecularly doped polymersare often
dispersvewithout any definite cusp asshowninfigure
4b. Inthiscase, 6 isdetermined from thedoubleloga
rithmic plots of transient photocurrents, according to
the Scher-Montrall theory!*8.,

Thetheoreticd transent current asafunction of time
isshowninfigure5a At theexcitation of onesdeof the
materia, thetransient current (jph=photo-generated
current dengity) increasesingtantly. Inthefollowingtime,
the photo-generated carriersaretraveling through the
materia, andthe current level should stay congtant. As
soon asthe carriersreach the other electrode, the cur-
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Figure5: Pulseshapein case of deep trapsconditions
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rent will decreaserapidly, thusmakesasignd. In order
toobtainasufficient transgent sgnd todlow evduatea
trand ent time, the photo-generated chargecarriershave
not to bedispersed. Thereforeitisimportant that the
duration of theexcitation pulseismuch shorter thanthe
trangent timett, and the absorption depth of theexcita-
tionissmaller than the thickness of the sample. How-
ever, many organic materialsunder study in TOF ex-
perimentswith aproper condition could not obtain an
ided trandgent sharp dueto deeptrapsinmaterias. Typi-
cd signd of anamorphousorganic materid isshownin
figure5b. Thissharp isdueto achargetrap or disper-
son effectinamaterid, which meansthat somecharge
cariersareholdindifferent energy levelsfrom atrans-
portingleve for acertaintimeduring traveling from one
electrodeto theother. Such atransient sharp hasto be
examinedindoublelogarithmic current versustimeplot.
Inthiscase, thetransent timeisdetermined asthein-
tersection between two straight lines with different
slopes at short and long times of the transient photo-
current

Thetrangit time (0) isgiven by eq 2, wherevisthe
velocity of charge carriersand d isthe samplethick-
ness. When egs 1 and 2 are combined, the charge car-
rier drift mobility (i) isexpressed aseq 3.
t=d/v 2
p=d?Vz ©)

In TOF experiments, relatively thick samplesof a
few to several micrometers are favorable dueto the
requirement of asmaller absorption depth of theexci-
tation relativeto thefilm thickness. In addition, deter-
mining mobilitiesfor materidshavingahigh chargecar-
rier dengity isdifficult becausediffusvechargecarriers
will affect thedrift of photogenerated charge carriers
under anelectricfield.

TF-SCL C method

Themeasurement of carrier drift mobility by the
steady state TF-SCL C method isbased on the analy-
sisof current density (J)-applied voltage (V) charac-
teristicsinthedark. Generally, the J-V characteristics
arelinear a low drivevoltages, showing ohmic behav-
ior. At high applied voltages, the J-V characteristics
become space-charge-limited because of theinjection
of charge carriersfrom one electrode. When the con-
tact betweenthed ectrodeand theorganiclayerisohmic

Macromolecules « —

and the current istransport-limited instead of injection

limited, the space-charge-limited current Jisgiven by

eq 4, whichisknown asthe Mott-Gurney equation®,
9 V2

== ~_0== —F%0
Ep— EN (4)

where € and d arethe permittivity and thickness of the
sample, and 6 isafactor that considersthe presence of
chargecarrier traps, that is, theratio of the number of
free carriersto thetotal number of carriers. Whenthe
current flow isin agreement with SCLC, Jshould be
proportiond tothesguareof thedectricfidd (F2), which
isdependent upon thesamplethickness. When 6 isequa
to 1, the current becomestrap free SCLC. Thecharge
carrier mobility can be evaluated fromthisequation on
the basis of the assumption that the contact between
the electrode and the organic layer isohmic without
any energy barrier for charge injection. In case the
mobility datadetermined by other methodsare avail-
able, onecan caculate J. Whentheexperimenta value
of Jisequal to the calculated val ue, the contact be-
tween the organic layer and the el ectrodeisregarded
to beanidea ohmicone. Equation 4 appliesfor mate-
ridsinwhich themobility isindependent of thee ectric
field. Sincethechargecarrier mobility of organic disor-
dered systemsisusually electric field dependent, in
agreement with the Poole-Frenkel effect, eq4ismodi-
fied aseq 519,

9 1
J = €noexp(BF'%)~F70 )

where , isthe mobility when F =0. If the mobility isindepen-
dent of the electricfield, =0

Inthe DI-SCLC method, astep voltageisapplied
to the sampl e sandwi ched between two e ectrodes, one

-
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Figure6: Typical DI-SCLC
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Applied oltage
Emission Intensity

0
Time

Figure7: Typical transient emission behavior of OLEDs

of which formsan ohmic contact. Anideal transient
current for trap freemateria sisshowninfigure6. The
current increaseswith time, reachthemaximum at time
0 p, andthen gradually decreaseto aconstant current,
which is steady state SCLC. 6p isrelated to space-
charge-freetransit time 60 as expressed by eq 6, and
the mobility canbecaculated fromeq 7.
1,~0.7861, (6)
p=D*/V1~0.786xD?V1, (7)
Thetransient EL method isbased on the measure-
ment of atime delay between the gpplication of astep
voltageand theonset of emission, asshowninfigure7.
Theonset of emission isdetermined by thearrival of
thedower chargecarrier of theinjected carriersat the
emissonzone.

Augton switch technique

A micro-griplineAuston switch-based picoseconds
photoconductivity techniquehasa so been usedinplace
of TOF. Measurementsin aSeand PPV suggest pos-
sible new implications such astwo distinct transport
mechanismg®2;

(1) ashort-livedtransportinvolving carrier dynamics
in extended band states until the carrier progres-
svdytunnesinto lower gates, involving adifferent
mohbility; and

(2) along-livedtrangportinmultiple-trgppingbandtals
withlow mobility.

(3) 1t wasa so suggested that abuilt-in potential bar-
rier a metal—semiconductor interfaces influences the
shape of photocurrent in TOF experiments

Field-effect transistor mobility

= M feroreview

Thecarrier mobilitiescan be extracted from the e ectri-
ca characteristicsmeasuredin afield-effect transistor
(FET) configuration. Thel-V (current-voltage) expres-
sionsderived for inorganic-based transa storsinthelin-
ear and saturated regimes prove to be readily appli-
cableto organic transistors (OFETS)?2, Theseexpres-
sonsreadinthelinear regime:

lsp = %HC(VG —-V1)Vsp ©)
andinthesaturated regime:

W
lsp = IHC(VG - Vr)? (6)

Here, |, andV , arethecurrent and voltage bias
between source and drain, respectively, V . denotesthe
gatevoltage, V. isthethreshold voltage at which the
current startsto rise, C isthe capacitance of the gate
dielectric, and W and L arethewidth and length of the
conducting channdl. In FETS, thechargesmigratewithin
avery narrow channd (at most afew nanometerswide)
a theinterface between the organi ¢ semiconductor and
thedidectricd2,

Transport isaffected by structural defectswithin
theorganiclayer at theinterface, the surface topol ogy
and polarity of the dielectric, and/or the presence of
trgpsa theinterface (that dependsonthechemica struc-
ture of the gatedielectric surface). Also, contact resis-
tance at the source and drain metal/organic interfaces
playsanimportant role; the contact res stance becomes
increas ngly important when thelength of thechanndl is
reduced and the transistor operates at low fields; its
effect can be accounted for viafour-probe measure-
mmt§25—27].

Thechargemobilities extracted fromthe OFET I-
V curvesaregenerally higher inthe saturated regime
thanthoseinthelinear regimeasaresult of different
electric-fidd distributions. Themobility can sometimes
be found to be gate-voltage dependent’®; this obser-
vation isoften related to the presence of trapsdueto
sructural defectsand/or impurities(that thechargesin-
jected first havetofill prior to establishment of acur-
rent) and/or to dependence of the mobility on charge
carrier density (whichismodulated by V )%

Thedidectric congtant of thegateinsulator also &f -
fectsthemohility; for example, measurementsonrubrene
singlecrystal§* and polytriarylamine chaing¥ have
shown that the carrier mobility decreaseswithincreas-
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ing dielectric congtant dueto polarization (e ectrostatic)
effectsacrosstheinterface; the polarization induced at
thedieectric surface by the charge carrierswithin the
organic semiconductor conducting channel, couplesto
thecarrier motion, which canthen becast intheform of
aFrolich polaront®23,

Diodemethod

Themobilities can dso beobtained from theelec-
trical characteristicsof diodesbuilt by sandwichingan
organic layer between two electrodes (provided that
transport isbulk limited and not contact limited). The
choice of the electrodesis generaly madein such a
way that only electrons or holes are injected at |low
voltage. Intheabsenceof trapsand at low eectricfields,
the current density J scalesquadratically with applied
biasV. Such behavior ischaracteristic of agpace-charge
limited current (SCLC); it correspondsto the current
obtai ned when the number of injected chargesreaches
amaximum becausetheir electrostatic potential pre-
ventstheinjection of additional charges®!. Inthat in-
stance, the charge density is not uniform across the
materia andislargest dosetotheinjecting e ectrode.
Inthisregime, when neglecting diffusion contributions,
the J-V characteristics can beexpressed as

9 v?
J=—¢€ge p—5
) 0 I‘uLg (7)

where €, denotes the dielectric constant of the medium and L
is the device thickness. Note that a field-dependence of the
mobility has to be considered at high electric fields (vide in-

fra).

TheJV curvesbecomemorecomplex inthe pres-
enceof traps. They first exhibit alinear regime, where
trangport isinjection-limited, followed by asuddenin-
creasefor anintermediate range of applied biases; fi-
nally, the V2 dependence of the trap-free SCLC re-
gimeisreached. Theextent of theintermediateregion
isgoverned by the spatia and energetic distribution of
trgp states,whichisgeneraly modeled by aGaussian™
or exponentia distribution®!,

Pulse-radiolysistime-r esolved microwave conduc-
tivity (pr-trmc)

Here, thesampleisfirs excited by apulseof highly
energetic eectrons(intheMeV range) to createalow
density of freecarriers. The changein electrical con-

Macromolecules « m——

ductivity Ac induced by the pulseisthen measuredvia
thechangein microwave power reflected by thesample
and istherefore frequency dependent. Ac can beex-
pressed ag*?

Ac = ez uNe_p ®

where X isthesum of holeand € ectron mohilitiesand
N_, isthedensity of generated electron-holepairs. N_
 Isestimated by dividing theamount of energy density
transferred to the material by the energy required to
create oneelectron-holepair; thisratioisfurther multi-
plied by asurvival probability that accountsfor pos-
s ble charge-recombination mechanismsduring thedu-
ration of the pulse. With thistechnique, the chargesare
directly generatedinthebulk; their transport properties
are probed onavery local spatial scale(for instance,
aong aportion of asinglepolymer chain) determined
by thefrequency of themicrowaveradiations(thelower
thefrequency, thelarger theregion that isexplored);
the chargestrapped by impuritiesor structural defects
arenot responsive. PR-TRMC isacontact-freetech-
niguethat isnot affected by space-charge effectsand
can be applied to bulk materials aswell asto single
polymer chainsin solution.

Because of itsloca character, PR-TRMCiscon-
sideredto provideintrinsc AC mohility vauesfor the
bulk; these va ues should be seen asupper limitsfor the
mobilitiesat low fidds. TOF vauesaregenerdly smdler
since such DC measurements probe a macroscopic
range and force the charge carriersto crossstructural
defectsand tointeract withimpurities. TheACand DC
mobility vauesgeneraly deviate dboveathreshold fre-
quency that depends on the degree of order in the
samples. However, thereareinstancesinwhichthetwo
techniquesresultinamilar mohility vaues, for example,
in the case of discotic liquid crystals based on
hexathiohexyl triphenylenes, materia sthat have been
used as reference compounds to validate the PR-
TRMC techniqué®l. PR-TRM C experimentson poly
thienylenevinylend“d and polyparaphenylenevinyleng®
chains provide hole[electron] mobility values of
0.38[0.23] and 0.06[0.15]cm?/V -s, respectively(here,
onekind of charge carrierswasdternatively selectively
trapped to determinetheindividua mobilities). A mo-
bility ashigh as 600cm?/V -shasbeen recently inferred
from measurementsin dilute solutionaongfully planar,
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ladder-type polyparaphenylenechaing* thisresult con-
firmsthat the elimination of torsiona degreesof free-
dom aong polymer chainsis akey step to increase
chargemobilities. In polymer films, charge mobilities
are expected to belimited by interchain transport; to
reach mobilitiesover 0.1 cm?/V-srequiresahigh de-
greeof interchain structura order.

CEL1V technique

A chargeextraction by linearly increasing voltage
(CELIV) technique has a so been applied recently for
mobility estimationin RR-P3HT™ 3. A linearly increas-
ingeectricfiddisapplied & onedectrode and the cur-
rent trand ent isused to obtai n the val ue of mobility that
arisesfrom ‘doping-induced’ charged carriers. The tem-
perature and el ectric field dependence of mobility ob-
tained from TOF agreeswell with CELIV mobility in-
dicating that themode of carrier generation (i.e. photo-
generation versusdopinginduced) hasno significant ef-
fect.

Photo-induced transient stark spectr oscopy

Thistechnique, recently described, involvesan elec-
trode-lessmethod for obtaining theintrins.c mobility,
i.e. mobility not limited by trapsand defectsinthe ma-
terial or by recombination“®. The ground state
electroabsorptionisstudied during charge separation
when photo-induced € ectron-hole pairsare generated.
When these carriers drift apart, (i.e. photo-induced
polarization takes place) their dipol e nature opposes
thedectricfield, thusleading to achangein the mea-
sured Stark effect. Theintring c charge carrier mobility
and electron-hole separation can be inferred from this
experiment in the picoseconds regime“-Similar tothe
results presented by the Auston switch technique (see
above), thisexperiment hasalso suggested largeintrin-
sic mobility beforethetransition to sower transport
takes place, dueto trapping and recombinationinthe
nanosecondtimescale.

Comparisons of Mobilities Measured by Differ-
ent Methods

One of theimportant differences betweenthe dif-
ferent mobility measurement methodsisthe geometry
of thesamplein whichthe chargemobility ischaracter-
ized. Thethickness of samplesfor themeasurement is
different depending upon the method. In TOF and

= M feroreview

SCLC, the sampleis sandwiched between two elec-
trodes and the conduction of the chargesis perpen-
dicular tothesubstrate plane. By contrast, inaFET the
charge mobility ischaracterized withinthe plane of the
substrate.

Thisgeometrica differenceisirrelevant whenone
study the chargetransport propertiesin an amorphous
materia but becomesfundamental when the material
present somemolecular organization such asliquid arys
tal materialsor crystallinematerials. Thequestionis
whether these different methods giveamost the same
mobility values. It has been reported that mobility val-
uesaredifferent depending onthethicknessof samples
especially for low-mobility dispersive material 94749,
Comparativestudiesof chargetransport using different
techniques have been madefor certain classesof mate-
rids, for example, m-MTDATAB52 OMeTADP, R-
NPDBL | Alg3%, CuPc™®, and so forth. The hole
mobilitiesof m-MTDATA and R-NPD determined by
the DI-SCL C method have been shown to bein excel -
lent agreement with those determined by the TOF
method®l. Room-temperature mobilitiesof OMeTAD
(142) measured by three independent methods, TOF,
DI-SCLC, and steady-state TF-SCL C methods, have
been shown to agreewel | over arange of samplethick-
nessesfrom 4nmto 135 nm®3, Theplotsof theloga
rithm of electron mobilities of Alg3 measured by the
transient EL and TOF methods as a function of the
squareroot of thedectric field have been shownto be
onthesameline, and hence, the results measured by
the two methods are in good agreement with each
other™, Comparison of the hole mobility dataof CuPc
by the TOF and FET methods shows that they gave
amost thesameresults; iFET ) (0.94-1.3)-103cm? V-
1s-1and (TOF) (1.5-2.0)_10%cm?V-1s-1%, Like-
wise, mobility datafor m-MTDATA determined by the
TOF and FET methods were amost the same®3.0n
theother hand, iIFET vauesof TPTPA(81), TTB (315),
TPD, and R-NPD were approximately 2 orders of
magnitude smaller than those determined by the TOF
method®2 4,

CONCLUSIONS

A significant progress has been made on charge
trangport inamorphous molecular materids, butthere-
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lationship between molecular structuresand chargecar-
rier drift mobilitiesremainsto beinvestigated. Thema-
terid swhich have been put to practicad gpplicationsare
few in number. Theultimate goal of conducting poly-
mer stienceisto producematerid sand devicesof higher
quality. Towardsthisend, the study of chargetransport
phenomenaand mobility inthesematerid sisindispens-
able. Inthereview, different techniquesused for mobil-
ity measurement hasbeen discussed in detail and com-
parison of mobilitiesmeasured by different techniques
aredescribed.

A futureprogresswill bedirected toward adeeper
understanding of materiaschemistry and devicephys-
ics, development of new devicesincluding memories
and sensors, fabrication of flexibledevices, andinte-
gration of mulifunctionsinasingledevice.
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