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Abstract

We presenta microscopictheory of chaige transportand
electrodeinjectionin otganiclight emitting diodeswhich
accountgor mostof the molecularaspectof thesemate-
rials.

The rational optimization of classicalsemiconductor
optoelectronicslevicesrequireda goodknowledgeof the
basictransportand light emissionprocesses.The same
work shouldbedonein organicdeviceswherechagetrans-
port and electrodeinjection standas a crucial points for
device optimization.

Until now, mostof thetransporimodelsusedin organic
light emitting diodesare directly derived from the semi-
conductomphysicsof analogoussilicon devices[1, 2].

We believe thatthe physicsof transportandchagein-
jection s very differentin molecularand polymer mate-
rials thenin inorganicsolids. The reasonfor this special
behavior arerelatedon onesideto the large polarisabili-
tiesof organicconjugatednoleculeq3] andto permanent
dipoleson part of thoseof interest[4], and on the other
handon the high electron-phonorinteractionseadingto
the presenceof clearly identified polaronicstatein poly-
mers[5, 6, 7, 8].

Thepresencef disordelin mostOLED (OrganicLight
Emitting Diode) materialsactsalsoin synegy with both
Coulombinteractionsandelectron-phonointeractions:a
slow carrierin a disorderedmaterialinteractswith other
electronsanddipolesin a much strongerway thana fast
oneandrelaxesthelattice moreefficiently thana fastone.

Insteadof applyingthetransportesultsestablishedor
thesemiconductorghework of ourgroupaimsto develop
truly molecularmodel applicableto soft matter Someof
theaspect®of thiswork is illustratedbelow.

1. Thenature of the charge excitations and
their transport

In conjugatecpolymerssuchaspolypara-pheyleneviny-
lene(PPV),extraelectronsandholesareundoubtlytrapped

by thelatticein the form of polarong[5, 6, 7, 8]. Thepo-
laronic characteis reinforcedby disorder[9]. Bandcon-
ductionis thusforbiddenin the polymeric materials. Ex-
ceptat very high fields largerthan 1MV /em?, the trans-
portprocessearelimited by thejumpsfrom chainto chain
inducedby thetemperature@ndthe electricfield.

In disorderedmolecularmaterialslik e hydroxyquino-
linate Alqs, the chage carriersare alsolocalisedon sin-
gle moleculesdueto the the weak effective transferinte-
gral from moleculeto molecule. This effect actsin syn-
ergy with disorder molecularpolarizationand lattice re-
laxation. Chage transportalso occursthroughfield de-
pendenhoppingprocesseglO].

In nearlyperfectmolecularcrystalssuchasanthracene
or pentacenegxtendedstatescontrol the transportproper
tiesatlow temperatures.

2. Field dependence of the mobility in
polymerslike PPV

The most widely useddependencef the mobility with
temperatur@ndfield for holesin PPV[11, 13] is
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with typically A with topically A = 0.5eV, B = 3 x
10%eV(Vm)~1/2, Ty = 400 — 600K and g = 3.5 x
10~3m?/Vs. This dependencéasbeen“established’
by computersimulationgo accounfor mobilitiesof disor
deredmaterialdike molecularlydopedpolymersandamor
phousglasse$15].

Ontheotherhand,we developeda microscopicheory
of the mobility of the chage carriersin conjugatedooly-
mersystemsasedn polarondrift alongthethechainand
hoppingfrom chainto chain[16]. Figure?2 illustrateson
the samescalethe mobilities usedby the authorsadopt-
ing relation1 to accountfor low fields(curvesB; andB,)
[11, 12] andhighfieldsdata(curvesC andC5) [13, 14].

It is interestingto comparethe hypothesison which
bothmodelsarebased.Theworksof Basslerandcowork-




ersleadingto relation 1 are basedon the argumentthat
transportoccursby hopping through Gaussianrmanifold
of localizedstatesthat are distributedin enegy and dis-
tance.The principalassumptiorof their formalismis that
electron-phonorouplingis sufficiently weakthatthe po-
laroniceffectsmy be neglected.

The jump rate is calculatedaccordingto Miller and
Abrahamd17] who have developeda weakcouplingsin-
gle phononhoppingtheory The maindifferencebetween
thatmodelandtheoursis thatourmodelis essentiallynul-
tiphonon, basedon hopping theoriesdevelopedby Hol-
steinandEmin[18] andaccountgor thepolymercharacter
of thesegments.
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Figure 1: Field dependentnobilities for different conjugation
lengthsof the polymes. The minimumin the mobility for long
chainsis tightly relatedto theanisotiopy of the charge transport.
It corresponddo a zoneof fieldswhere thevelocityof thecharges
is ratherindependenof thefield.

3. Chargeinjection from an electrode

The difference E, betweenthe electrodework function
andthe electronaffinity or the ionization potentialof the
moleculamaterialis theorigin of theinjectionbarrier But
the chaige accumulationat the interfacedueto the pres-
enceof thecoulombimageforceresultsinto strongmodifi-
cationsof thebarebarrier Fig. 2 representtheactualbar
rier Wy asafunctionof barebarrier . Pointscorrespond
to dataobtainedby the experiment{19] in Algs, while the
lines arethetheorydevelopedin reference$20, 21]. The
only parameter®f the modelis the distancez; between
the electrodeandthefirst conjugatedsite of the polymer
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Figure 2: Field dependeninobilitiesobtainedfromequation(1)
for differentsetsof parametes usedin theliterature: B; corre-
spondso refeence[11], B to refeeence[12], C; corresponds
to reference[13] and C, to refelence[14].
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4. Organic-organic interface

Chage accumulationat interfacesis both due to oxydo-
reductionpotentialdifferencebetweerthemolecularspecies
andmobility variationscloseto the interfaces. The study

of theseeffects,whichcanbeverydestructvefor theOLED’s
and should be kept under control, requireda numerical
codedescribedn sectionb.

5. Thenumerical code

Most of the transportand injection elementshave been
includedinto a numericalcodeableto describetransport
into multilayer OLED’s. Transportis describedoy multi-

phononhopping[18] betweerdiscretesites

W + A/2)2 A
= oexp [‘%] ~ flp exp (‘k—T)

whereW is the depthof the moleculartrap and A is the
enegy differencebetweerthesites.

The field dependencef the mobility is includedinto
Qp andcanbechangedaccordingto any empiricalor cal-
culatedrelationu(F') throughtherelation

. . '3
w(F) = Qpga® (Smh 23chT>

T qFq
kp 2ksT

Injection is treatedvery carefully by including ther
moionicinjection,imageforce,electricaldoublelayerand
directtunnelingto ary site.

Although this codeis very completeand accountsor
the molecularaspectof the system,it containsa reason-
ablenumberof parameters.
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Figure 3: Theinternal workfunctionas a function of the bare
Eo = Ervmo — Ep for z1 = 3A (full line) andz; =

6A (dashedine) (seetext). Points correspondto data obtained
by theexperimentRef [19].

Apart from the mobilities and enegy levels, five pa-
rametergtwo percontactandoneto relatetheexternaland
the internal efficiency) wererequiredto fit the multilayer
dataof figure 4. The dataincludedthe voltage-current
and voltage-lightexperimentalcurves for several related
devices(with differentETL/HTL layerthicknesses).
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