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A conductive polymer and multi-wall carbon nanotube composite was used in
fabrication of field emission (FE) electrode array. The emission electrode was pre-
pared by using a new template method adapting a microporous membrane filter as
a template. Field emission characteristics were measured with and without remov-
ing the template. The measurement was done at atmosphere of 10�6 torr. The final
emission cell provides the turn on of 0.6 V=lm and current density up to
650 lA=cm2 at 1.2 V=lm.
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1. INTRODUCTION

The field emission display (FED) is expected to create a high market-
ing demand in the future because it has potential advantages i.e.,
active mode, view angle, power consumption, response time, resolution
[1]. However, not many cases of using FED has been found because of
problems in fabrication of metal emission electrode tips in array forms.
Lots of research efforts have concentrated in developing an effective
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emitter array with the various materials. Most cases, fabrication of
metal cathode tips on silicon substrate by using procedures developed
for micro-chip fabrications. Recently, research work has been focused
to the usage of MWCNT (multi wall carbon nanotube) [8] or conduct-
ing polymers [2–7]. CNT (carbon nanotube) have been expected to
show good conductivity and stability in this application, but fabri-
cation process is not easy to accomplish [9]. Conducting polymers
have been also expected to exhibit good emission property with
simple fabrication but their emission was need to be improved more
[10–11]. CNT-polymer composite could be a good material for the tip
fabrication. A lot of research papers reported that CNT was used as
a good reinforcing material for polymer composites [12]. However,
two main strategies need to be solved are homogeneous dispersion of
CNT in a polymer and good interface interaction between CNT and
polymer [13–14]. Generally, it is very difficult to make homogeneous
disperse of CNT in a polymer because of aggregation of CNTs due to
the strong van der Waals attraction between them in the polymer
matrix.

In this study, we tried to fabricate a field emissive tip array with
MWCNT and conducting polymer utilizing a method of template syn-
thesis. This method allowed us a simple procedure of fabricating
MWCNT-Polymer composite tubule array on an ITO base. This micro-
tubule structures were then observed with images obtained from SEM
(scanning electron microscope). Finally, the emission property was
determined with home made field emission apparatus at a vacuum
condition of 10�6 torr.

2. EXPERIMENTAL

2.1. Chemicals and Apparatus

All ACS chemicals used in this work are ACS grade otherwise
described. These chemicals were purchased from Sigma-Aldrich Korea
Ltd. and used without further purification. The templates for fabri-
cating conducting polymer emitters were polycarbonate membranes
holding pores of 5mm size diameter in 10 mm thick (Millipore Corp.).
Transparent indium-tin oxide (ITO) glass electrode (Samsung Corn-
ing, Korea) was used as a supporting electrode after several cleaning
steps. The polymer coating was done by employing a vacuum spin
coater (Headway). Vacuum oven (VO-20X, Jeio Tech, Korea) was used
for drying purposes. SEM images was obtained by using JSM 6700F
(JEOL). For FE measurements, an ammeter (KEITHLEY 2001) and
a voltage source (FUG HCN 700-3500) were used.
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2.2. Fabrication and Characterization of Conducting Polymer
Composite Emitters

First of all we made 1% CNT dispersion in water after acid treatment
following the reported procedure [15–18]. This liquid dispersion was
dropped on the rough side of the membrane template. In this process
CNT was getting into the 5mm pore of the template and finally CNT-
template was formed. The CNT-template was put on top of our home-
made conducting polymer glue composite coated on the ITO electrode
[11]. As in Figure 1 the glue was got into the pores of the CNT-
template. In other words, the glue was spin-coated onto an ITO glass
then a piece of membrane template with include MWCNT was care-
fully placed on top of it before the composite was dried out completely.
While the membrane was staying on the composite glue, the basic
tubule structure was formed by the capillary action into the template.
This structure was completely dried out in vacuum oven for 24 hours.
Methylene chloride (MC) was used to remove the membrane to
investigate the shape of tubule structure and to determine emission
properties. Finally, the field emission current was measured using
the field emission cell in Figure 1(d). A piece of stainless steel was used
as an anode and kept 500 mm away from the cathode by using glass
spacers. This measurement was carried out in a vacuum chamber at
10�6 torr.

3. RESULTS AND DISCUSSION

After following the acid treatment process, the MWCNT was dispersed
well in aqueous condition. The CNT-template was formed by the
addition a drop of 1% CNT dispersion on the template. Complete
dry left the trace of CNTs on the rough side surface as well as pore
inside. The home made PEDOT=PVA conductive glue was coated on
a piece of ITO electrode. The CNT-template was placed onto the con-
ductive glue carefully. In this way the glue was forming into tubular
shape containing CNTs in itself. SEM images in Figure 2 show the
formation of the CNT-polymer tubule structure in pores of the tem-
plate. The image (a) shows as made tubule without removing the
template. The inset shows the inside wall of the composite tubule
having CNT fiber structures. The image (b) is the one obtained after
removing the template., The inset shows the spike shape of CNT struc-
tures are appeared at the top of an individual tubule. And (c) shows
entangled CNT structure in a piece of broken composite tubule. By
using this new method the CNT-Polymer composite tubules which
have sharp emitting tips on top could be constructed.

Field Emission from Micro Tubule Structure 149=[513]
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Measurement of field emission current from the tubule array with-
out removing the template membrane is in Figure 3. The emission
starts at 0.7 V=mm and then the emission current density increases
up to 0.05 mA=cm2 at 1.4 V=mm. The linear line from Fowler-Nordheim
plot as in inset confirms this is a field emission. And this emitting
behavior is clean and smooth. But the current density is smaller than
what was expected. Removing of the template was tried to improve the
emission property of the same electrode. Figure 4 shows the measured

FIGURE 1 Schematic diagram of experimental procedure includes
fabrication of micro tubule structures and emission measurement. (a) CNT
dispersion on template; (b) Glue cast on the ITO glass; (c) the CNT-template
was put on (b); (d) after dissolving the template; (e) cell structure for FE
measurements.
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current density obtained as a function of electrical field strength. Field
emission turns on at 0.6 V=mm which is a little bit lower compared that
the one in Figure 3. In this structure the current density increases
rapidly and reaches up to 650 mA=cm2 at 1.2 V=mm. The inset shows
linear plot of Fowler-Nordheim also. There is a dramatic increase in
emission current density compared the one in Figure 3. Our previous
result show that the Pt sputtered tubule gave about 150 mA=cm2 [11].
Recently Ju et al. reported that PEDOT nanowire fabricated with
nanoporous template produces 4 V=mm turn on and maximum current
density of 100mA=cm2 at 4.5 V=mm [10]. This value is less than one
sixth of the one we obtained even the pore density is not high. We
presume the superior results definitely came from the effect of CNT.

FIGURE 2 SEM images of MWCNT-Polymer electrodes: (a) before membrane
exclusion, fine fiber structure of CNT was shown at the inside wall of the
tubule; (b) after membrane exclusion, CNT appears like spikes on the top of
the tubule; (c) SEM image of a piece of broken tubule, CNT appears like
threads entangled in the PEDOT=PVA glue.
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FIGURE 4 Field emission from the CNT=polymer composite tubule structure
after removing the template. The linear plot in inset implies the emission
follows the F-N mechanism.

FIGURE 3 Field emission from the CNT=polymer composite tubule structure
without removing the template. The linear plot in inset implies the emission
follows the F-N mechanism.

152=[516] S. M. Cho et al.

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
4:

42
 1

7 
Fe

br
ua

ry
 2

01
3 



There are two main reasons for CNT effect. The first one is conduc-
tivity effect of the conducting polymer glue in which the CNT was
dispersed. The second one is the shape effect of the emission tip as
in Figure 2(b). The spike shape of CNT at the top of microtubule
increase the aspect ratio effect. Nevertheless the figure is much
smaller that that of metals (>1 mA=cm2) [19]. The polycarobonate tem-
plate used in this study has pore density of 105� 108 pores=cm2. This
value is quite low compared to the that of typical alumnium oxside
template (usually; 109� 1011 pores=cm2). This comparison leads us to
use high pore density template to increase the emission current up
to �mA level.

4. CONCLUDING REMARKS

We have fabricated field emissive electrode with array type micro-
tubule from MWCNT-Polymer composite. A new template method
was developed in this experiment using CNT disperse separately.
The final emission cell provides the turn on of 0.6 V=mm and current
density up to 650 mA=cm2 at 1.2 V=mm. This leaves us the possibility
one can produce applicable current density (�mA) with this type of
cell by using higher pore density template.
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