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Transient response and carrier transport in electroluminescent (EL) devices have been dis-
cussed for those consisted of poly(3-alkylthiophene) (PAT) containing dye molecules as a
function of alkyl-side-chain length, and for those of multi-layered dye molecules as
multi-color emission devices.

Keywords: organic electroluminescent device; poly(3-alkylthiophene); dye molecules;
multi-color electroluminescent device; carrier mobility

INTRODUCTION

Organic clectroluminescent (EL) devices utilizing fluorescent dyes or con-
ducting polymers have attracted great interest because of their advantage for
an emission in wide visible spectral range and for low driving voltages.

In this paper, we discuss transient response and unique enhancement of EL
in poly(3-alkylithiophene) (PAT) devices containing dye molecules of 2-(4-
biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole(PBD), and discuss carrier
mobilities of PAT as a function of alkyl-side-chain length. We also discuss
transient characteristics and carrier transport in multi-color EL device.

TRANSIENT RESPONSE AND CARRIER MOBILITY IN DYE
DOPED POLY(3-ALKYLTHIOPHENE) EL DEVICE

The EL devices consist of an indium-tin-oxide (ITO)-coated glass substrate,
an emissive layer of dye-doped PAT and an magnesium containing indium
(Mg: In) cathod. The layer thickness of the spin-coated PAT was about 100-
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500 nm. PAT and dye molecules, the structures of which are shown in Fig. 1,
of appropriate molar ratio were dissolved in toluene, and the films were
fabricated by spin-coating methad. The active area of the device was 4 mm?,

In the dye-doped PAT diode[1], the forward bias current was quenched as
the concentration of PBD increased. The resistivity of the diodes increases as
increasing the molar ratio of PBD to PAT, and it was maximum in the diodes
with the ratio of PAT to PBD as 10:5. Upon over doping of PBD, the resistivity
decreased again due to the high electronic conductivity of PBD.

Emission spectra of PBD doped poly(3-hexylthiophene) (PAT-6) are shown
in Fig. 1(c). The emission intensity increased with doping of the dye molecule.
Similar effect was observed in PAT diodes with different alkyl-side-chain
length. The emission efficiency in the diodes of the ratio of PAT to PBD as
10:5 is the highest among the other concentration of the dye-doped diodes.

The response of PBD-doped PAT-6 diodes is shown in Fig. 2. From the
response time of the emission, the carrier mobility is estimated using Eq. (1),
where V, e, T, L, y and o, applied voltage, electronic charge, transit time,
layer thickness, carrier mobility and conductivity, respectively.
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FIGURE 2 The time response of
PBD-doped PAT diodes. (a) for the
undoped, and (b) for the PBD-doped
PAT diode where the ratio of PAT to
PBD is 10:5.
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FIGURE 3 Carrier mobility of PAT
as a function of alkyl-side-chain

length.

from field effect transistors (FET), which are shown in Fig. 3. The carrier
mobilities of PAT are in the range between 10! t010”7 cm? /Vs depending on
the alkyl-side-chain length. Exciton confinement is strong in the main-chain
of PAT with long alkyl-side-chain, resulting in the increase of EL efficiency,
due to the conformational change by the long side-chain. Doping of dye mole-
cules into PAT has the same cffect to increase the confinement of excitons in

the main chain of PAT.

TRANSIENT RESPONSE IN
MULTI-COLOR EL DEVICE

Transient response and carrier transport
in multi-color device [2] are discussed.
Figure 4 shows the molecular structure
and a schematic of multi-color EL
device. The single-color emission part
is constracted on a two-color emission
part, and the half-transparent Al
electrode, 17%-transmittance at 515nm,
plays roles as electrodes to the two-color
and to the single color emission parts,
simultaneously.
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FIGURE 4 Molecular structure
and schematic description of multi-
color EL device.
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In the two-color emission part, it emits blue
light at its peak of 450nm originating from
PPCP in the forward bias, and red light at its
peak of 640nm from BPPC in the reverse bias
case. The single-emission part emits green light
at its peak of 520nm originated from Alg, , only
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in the forward bias. The EL device can emit '(m; e
a
three different colors of R-G-B.
The responses of EL from multi-color device g N , A A

arc shown in Fig. 5. The response in the €} }‘,’J‘wﬂwwt nﬁ'm
forward bias case is slower than that in the g ] T l
reverse bias, and is also slower than that of the S » L i
device with only the emissive and the carier D A
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transporting layers. The results shows that the Time (s)
response depends upon the total carrier ®)

transport in the emissive and the carrier trans- FIGURE 5 Transient res-
ponse of two-color emission
part. Emission in the
forward (a) and in the

responsc is more than 100kHz. reverse (b) bias conditions.

porting layers. The response time of the device
is high enough for full-color display, since the

SUMMARIES

1) The transient response and carrier mobility in dye-doped PAT diodes are
discussed. Carrier mobilitics of the PAT films are in the range between 107! to
107 cm? /Vs depending on the alkyl-side-chain length.

2) The transient response of the multi-color EL device depends upon the layer
structure, and the response is high enough for display applications.
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