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Effects of single walled carbon nanotubes (SWNTs) on the electroluminescent performance
of organic light-emitting diodes (OLEDs) have been investigated by mixing them in a hole-
conducting layer and in a light-emitting layer in OLEDs. We found that SWNTs play
different roles when used as polymer:SWNT composites in OLEDs. When used in a hole-

conducting layer, SWNTs facilitate the charge transport in the transport layer and on the
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other hand they also act as the exciton quenching centers at the transporting/emitting
interface provided their concentration is high enough. When used in a light-emitting layer,
SWNTs act as an n-type dopant to increase electron transport in p-type electroluminescent
film and subsequently improve the balancing degree of bipolar injection, leading to an
enhancement in the electroluminescence efficiency.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recently, much attention has been paid to use nanoma-
terials for improving the electroluminescent (EL) perfor-
mance of organic light-emitting diodes (OLEDs) [1-4].
Among those nanomaterials, single walled carbon nano-
tubes (SWNTs) are expected to be useful in improving
OLEDs due to their well-established synthesis process,
excellent mechanical properties, and good carrier-
transporting ability. Although SWNTs have been reported
to improve the EL efficiency when used as polymer:SWNT
composites, their role in OLEDs is not clear yet. Several
possible explanations have been proposed, including (a)
improving hole injection and transport [5], (b) improving
the conductivity of polymer films [6], (c) hole-blocking in
the polymer composite [7], and (d) hole trapping of SWNTs
in a hole-conducting polymer [8]. However, these explana-

* Corresponding authors.
E-mail addresses: ivanovin@ornl.gov (L.N. Ivanov), bhu@utk.edu
(B. Hu).

1566-1199/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.orgel.2011.03.003

tions are not suitable for explaining all the phenomena re-
ported in the literature.

In this paper, we investigated the roles of SWNTSs on the
EL performance of OLEDs when mixing them with a hole-
conducting material and a light-emitting material. Our
findings provide a clear understanding of the role of
SWNTs in OLEDs and will be helpful for improving OLED
performance by using SWNTs.

2. Experimental

The SWNTs were synthesized by a laser ablation meth-
od [9], and was purified by hydrothermal and chemical
treatments. The SWNTs contain two-third semiconducting
and one-third metallic nanotubes [10]. As a result, the
SWNTs can exhibit both charge transport and electron
withdrawing abilities. The hole injection material
poly(3,4-ethylenedioxythiophene) doped with poly(sty-
rene sulfonate) (Baytron P 4083) (PEDOT) was acquired
from the Bayer Company. The hole-transporting material
(PVK) and the electron-transporting material (PBD) were


http://dx.doi.org/10.1016/j.orgel.2011.03.003
mailto:ivanovin@ornl.gov
mailto:bhu@utk.edu
http://dx.doi.org/10.1016/j.orgel.2011.03.003
http://www.sciencedirect.com/science/journal/15661199
http://www.elsevier.com/locate/orgel

M. Shao et al./Organic Electronics 12 (2011) 1098-1102 1099

purchased from Sigma-Aldrich Company and used as re-
ceived. The light-emitting conjugated polymer polyfluo-
rene (PFO, purchased from H.W. Sand Company) and
Super-Yellow (purchased from Merck Company) were used
as received. The electrophosphorescent material Iridium
(1) tris(2-(4-totyl)pyridinato-N,C?) [Ir(mppy)s] was pur-
chased from American Dye Source Inc. In order to investi-
gate the role of SWNTSs on the performance of the OLEDs,
three types of device architecture were fabricated. The first
type of devices have the structure of ITO/PEDOT:SWNT (x
wt.%, 40 nm)/PFO (80 nm)/Ca (20 nm)/Al (80 nm), where
xis 0,0.001, 0.01, and 0.02, relative to solid PEDOT content.
The second one is ITO/PEDOT:SWNT (0.01 wt.% relative to
solid PEDOT content, 40 nm)/PVK:PBD:Ir(mppy);
(69 wt.%:30 wt.%:1 wt.%, 60nm)/Ca (20 nm)/Al (80 nm),
which use Ir(mppy)s as a phosphorescent emissive mate-
rial. The third one has a structure of ITO/PEDOT (40 nm)/
Super-Yellow:SWNTs (x wt%, 80nm)/Ca (20 nm)/Al
(80 nm), where x is 0 and 0.005.

To get the uniform dispersion of SWNTs in PEDOT, we
suspended the SWNTs functionalized by with crown ether,
making them dispersible in deionized water [11]. They
were then ultrasonicated the SWNTSs solution 30 min, and
then we mixed the SWNT solution with PEDOT solution
and deionized water to form the composites at designed
doping concentration. For the Super-Yellow:SWNTs com-
posite preparation, SWNTs dispersed in chloroform were
added into Super-Yellow chloroform solution to give the
desired doping concentrations. The PEDOT:SWNTs com-
posites were spin-coated onto ITO-coated glass substrate
and the thickness of the film was 40 nm. The light-emitting
layers for the three types of devices were all formed by
spin coating from their chloroform solutions. Finally, the
calcium (Ca) and aluminum (Al) electrode were deposited
sequentially by thermal evaporation under the vacuum of
2 x 107® Torr, and the deposition rate was typically about
1A/s. The thicknesses and the morphology of the films
and were measured by a Veeco atomic force microscopy
(AFM) using a tapping mode. The resistivity and conductiv-
ity of PEDOT:SWNTs composite films on glass substrates
were measured by a four-probe method with a Keithley
source meter. The current and voltage characteristics of
the OLEDs were measured with Keithley 2400 source me-
ter. The EL spectra of OLEDs were recorded by a HORIBA Jo-
bin Yvon spectrometer. The luminance and efficiency of
OLEDs were measured by an OLED testing system cali-
brated by the National Institute of Standards and
Technology.

3. Results and discussion

We investigated the roles of SWNTs in a hole conduct-
ing layer on the performance of OLEDs at first. Fig. 1a
shows the current density-voltage (J-V) characteristics of
OLEDs employing PEDOT:SWNTs composites with various
doping concentrations under a forward bias. With increas-
ing the SWNTSs concentration in PEDOT, the current density
of devices becomes higher under the same voltage, which
means the hole injection and/or transport are improved
by introducing SWNTs in the PEDOT layer of devices. How-
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Fig. 1. The J-V curves (a) and the EL intensity—current density curves (b)
of devices with the structure of ITO/PEDOT:SWNTs (x wt.%, 40 nm)/PFO
(80 nm)/Ca (20 nm)/Al (80 nm).

ever, the EL intensity did not show a monotonous increase
when increasing the SWNTSs concentration in PEDOT under
the same current density. From Fig. 1b we can see that
when the SWNTSs concentration in PEDOT is no higher than
0.01 wt.%, then the higher the doping concentration, the
stronger the EL intensity. But when the doping concentra-
tion of SWNTSs reaches 0.02 wt.%, the EL performance of the
devices deteriorates, and the EL intensity becomes lower
than that of the device without SWNTs doping. Our results
have some differences compared to those reported by Woo
et al. [8]. In their case, the doping concentration of SWNTs
in PEDOT is no less than 0.05 wt.%. Although they also ob-
served the enhancement of current density when increas-
ing the SWNTs doping concentration in PEDOT, they only
found that EL brightness in devices employing PED-
OT:SWNTs composites was reduced relative to the device
without using SWNTs. As a result, their explanation of
SWNTs as hole traps in PEDOT film should be reconsidered,
since there would be no EL intensity enhancement in our
case if the injected holes were initially trapped by SWNTs
in PEDOT film.

We investigated the conductivity of PEDOT:SWNTs
composite films with different doping concentration of
SWNTs. It is shown in Table 1 that when the SWNTs

Table 1
The resistivity (p) and conductivity (C) of PEDOT:SWNT composite films
with various SWNT concentration.

SWNT concentration (%) p (©Q cm) C (S/cm)

0 44,902 223 x107°
0.0004 40,778 245 %x107°
0.0042 31,709 3.15x107°
0.0010 29,775 336 x10°°
0.6622 23,666 423 x10°°
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