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P-Deciphenylene Electroluminescent Device with a
Carbon Nanotube Cathode

CHANG SEOUL and YONG-TAE KIM

Department of Textile Engineering, Inha University, 253 Yonghyun-dong,
Nam-gu, Incheon 402-751, Korea

Abstract

Carbon nanotube(CN) layer was formed as a cathode next to the p-deciphenylene emitting
layer in the 1TO/p-deciphenylene(P10)/Al electroluminescent device (ELD). The two devices
have the same blue EL emission peak at about 450nm. The current density-voltage-luminance
(J-V-L) characteristics were measured for the two devices and compared each other.

The ITO/P1O/CN/AI ELD has higher luminance than ITO/P10/Al ELD at lower current
densities. The quantum efficiency (QE) behavior for the two ELDs are nearly the same. CN
cathode layer induces easy electron injection by lowing the barrier height due to its low work
function.
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1. Introduction

The molar mass effect of p-phenylene oligomers was studied and the p-deciphenylene
(designated as P10) was found to be the most efficient emitting oligomer in the p-phenylene
homolog series. Thus we choose p-deciphenylene (P10) as the emitting material in this
work.[1,2]

Romero et alf3] fabricated multiwalled carbon nanotube(MWCN)/poly(phenylene
vinylene)/Al device. They used MWCN as an anode and observed no light from the device but
easy injection of holes at the MWCN anode.

Fournet et al.[4] reported that using a composite fabricated from carbon nanotube(CN)s with
poly(m-phenylene-vinylene-co-2,5-dioctyloxy-p-phenylenc-vinylene)(PmPV) as an electron
transporting  layer next to poly(2,5-dimethoxy-1,4-phenylene-vinylene-2-methoxy-5(2’-
ethylhexyloxy)-1,4-phenylene-vinylene) (M3EH-PPV) layer enhanced the external quantum
efficiency by 4 times the original efficiency of ITO/M3EH-PPV/Al electroluminescent device.

In this work, we report the effect of CN cathode on the performance of ITO/P10/AI ELD. The
current density-voltage-luminance (J-V-L) characteristics of ITO/P10/CN/AI device were
compared with that of ITO/P10/Al ELD. We also measured the electrical conductivities and EL

spectra.
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2. Experimental

2.1 Syntheses of Poly(p-deciphenylene) (P10)
Poly(p-deciphenylene) (P10) were synthesized by Yamamoto method.[1].

2.2 Single walled carbon nanotube (SWCN) and ELD fabrication
In this paper. we used SWCN. It was purchased from the CNI (Carbon Nanotechnologies
Incorporated). SWCN layer (thickness of 10 micrometers) was formed by spraying the acetone
solution on P10 layer and dried thoroughly. Then Al was deposited on CN layer for the secure

attachment of CN layer and better electrical contact of CN layer.

2.3 EL spectra and J-V-L curves
The EL spectra was measured with a Shimadzu Spectrofluorophotometer(RF-540).
The device was mounted in a cryostat under room temperature. The J-V characteristics were
measured with a Keithley 236 SourceMeter. The intensity of the EL emission from a device was
simultaneously measured with a Keithley 2000 multimeter equipped with a calibrated Si

photodiode(Hamamatsu Photonics) or an ARC P2 PMT through an ARC 275 monochromator.
3. Results and discussion

As a control, the ITO/P10/Al device was fabricated simultaneously and compared with ELD
with CN cathode. The device area was 2mm x 2mm. In the beginning of the experiment, we
intended to develop an ELD with CN emitting layer. They show near metallic conductivity. We
changed the plan to develop the ELD with CN cathode. The conductivity for ITO/P10/Al and
ITO/P10/CN/AT were 5.95%10™° and 3.85%10° S/em, respectively. Thus, device with SWCN
cathode exhibited better electric conductivity.

Fig.1 shows the current-voltage (I-V) relation of the control and P10 ELD with SWCN
cathode. The current of SWCN ELD rises at low voltages. The turn-on voltages of
ITO/P10/CN/AL and ITO/P10/Al device are 8 and 10 volts, respectively. 2 volts difference was
seen easily. The thickness of P10 layer and SWCN layer were about 150nm, 10um., respectively.

The luminance-voltage (L-V) characteristics of ITO/P10/CN/Al and ITO/P10/CN/AI devices
are shown in Fig.2. ITO/P10/CN/Al device has higher luminance at low voltages. But the
voltage difference at the steep rising in [uminance is less than 2 volts. The luminance evolution
seems to be relatively casy for the ITO/P10/Al device.

In Fig.3, EL spectra for the two different devices measured at 3 mA are shown. They show

the maximum EL peak at 450nm but only the maximum intensities differ. This means that CN
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cathode does not after the emitting mechanism and only assists to easy injection of electrons

through the low barrier height between the P10 and CN interface.ITO/P10/CN/Al emits brighter
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Figure. 1. The current-voltage characteristics Figure. 3. The EL spectra of the
of ITO/P10/AL (circle), ITO/P10/SWCN/AL [TO/P10/Al device (dotted line)
(square) devices measured at room temperature. and ITO/P1O/SWCN/AL device
(solid line) at room temperature.
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Figure. 2. The luminecence-voltage
characteristics of I'TO/P10/Al (square),
ITO/PTO/SWCN/AL (circle) devices

measured at room temperature.
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Figure. 4. The Quantum efficicncy
(QE) of the EL devices ITO/P10/Al
(open circle), ITO/P10/SWCN/AL
(filled circle).

blue light than ITO/P10/Al device at lower current densities.
The measured work function for MWCN is 4.9 +/- 0.3 eV and SWCN 3.7+/- 0.3 ¢V. This

difference can be attributed to a size dependent reduction of the work function at the tube
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apex(tip. end).[5] The work function of Al was known to be 4.3 eV. Easy injection of electrons
at CN cathode comes from the sole cause of low work function for SWCN. The 2™ possible
cause is due to the large interface area between P10 and SWCN layer.

The external QE as a function of current density is shown in Fig. 4. They show the same
trend. initial increase and then slow burn-out, The luminance was higher for CN cathode device
at low current densities. But the Q.E. behavior as a function of current density has the same
trend. The emitting surface has location in P10 layer and the CN cathode only assists to easy

injection of electrons by lowering the barrier height between CN layer and P10 layer.

4. Conclusions

Carbon nanotube(CN) layer was used as a cathode and the effect of SWCN layer on the EL
devices were studied. SWCN cathode layer only induce easy injection of electrons by lowering
the barrier height between the SWCN layer and P10 emitting layer.

ITO/P1O/SWCN/AL ELD emits brighter blue light than ITO/P10/Al device at lower current
densities. The external QEs for the two devices are nearly the same. This means the emitting
behavior does not altered by the incorporation of SWCN layer. SWCN layer only induces easy

injection of electrons due to its low work function.
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