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Abstract 
A novel two-step surface treatment was developed and 

demonstrated for the carbon nanotube (CNT) cathode with 

highly efficient backlight unit application. An adhesive 

taping method was applied firstly and then followed by a 

post-heat treatment for the CNT cathode. During the post-

heat treatment process, some residues covering the CNTs 

were burned out. The post-heat treatment enhanced the 

emission current of the CNT cathode around 20% compared 

with that of no heat-treated sample.  
 

 

1. Introduction 

 

Carbon nanotubes (CNTs) have attracted great 

attention among materials scientists because of their 

unique physical properties and their potential for 

applications in field emission displays (FEDs). The 

reason why CNTs can be used as materials for field 

emitters is the intense local electric fields caused by 

both the intrinsic needle-like shape of the CNTs and 

the fact that they protrude over the surface of the 

bonding materials. In the past several years, a 

number of fully-sealed FED prototypes with CNT 

emitters have been demonstrated. However, CNT-

FEDs have some severe problems that must be 

solved in order to realize marketable products. One 

of the most important issues is a low-current density 

of field emission.  

Recently, a technology of fully-sealed field 

emission displays (FEDs) with CNT emitters has 

been transferred into backlight unit (BLU) 

application [1]. Compared with FEDs, the BLU 

needs much high brightness. In other worlds, the 

current density of CNT cathode for BLU should have 

much higher than that for FEDs application [2]. In 

this study, the effects of surface treatment of CNT-

cathodes on field emission properties for use in high 

efficiency field emission were investigated. In the 

first step, a mechanical method was applied for the 

surface treatment [3-6]. In the second step, however, 

some special thermal heating methods were used. 

And the results were compared to the conventional 

adhesive taping method from a view point of current 

density and emission uniformity in the CNT cathode. 

 

 

2. Experimental  
 

Fig. 1 shows the experimental procedure in this 

study. The CNTs were multi-walled carbon nanotubes. 

CNT powders were suspended in a solution of 

IPA(isopropyl alcohol). A CNT ink was prepared by 

strong ultrasonic of CNT powders and an organic 

solution of IPA. A detailed process for CNT cathode is 

described in the previous work [6]. 
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Fig. 1. A schematic diagram of an experimental 

procedure. A novel post-heat treatment is used 

as a second-step surface treatment in this study. 
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Fig. 3. SEM photographs of CNT cathode before and after first-step surface treatment with an adhesive 

taping method. 

 

Fig. 2. Schematic diagram of measurement unit 

for field-emission properties of CNT cathodes. 

 

After firing the organic binder in the CNT paste at 

390 °C in air, a special two-step surface treatment was 

carried out for use in high efficiency backlight unit 

(BLU). In the first step, a mechanical surface 

treatment using an adhesive tape was applied. The 

major function of the first-step surface treatment was 

protrusion of CNTs out of cathode electrode by partly 

removal of the bonding materials. The second step for 

surface treatment is carried out by thermal heating of 

the sample that is already mechanically surface treated. 

The main function of the second-step surface 

treatment on the CNT cathode is to provide a clean 

surface of CNTs by firing out of the residues came 

from the first-step surface treatment. 

For comparison, a conventional adhesive taping [5] 

and liquid [6] methods were also carried out. The field 

emission properties of the CNT cathodes were 

characterized with a diode-mode in a high vacuum 

chamber at a pressure of 1x10-6 Torr as shown in Fig. 

2. For the observation of CNTs on the surface layer, 

an optical microscopy (OM) and scanning electron 

microscopy (SEM) were utilized.  

 

 

3. Results and discussion 

 

In this study, we applied a novel two-step surface 

treatment to the fabrication of the CNT cathode. Fig. 3 

shows SEM photographs for CNT cathode before and 

after first-step surface treatment using an adhesive 

taping method. The thickness of binder materials with 

CNT was greatly changed during the first-step surface 

treatment. The thickness of the sample for before and 

after surface treatment is around 15 μm and 1 μm, 

respectively. From this result, we can conclude that 

the main function of the first-step surface treatment 

with adhesive taping method is the removal of the 

binder materials and the protrusion of CNTs out of the 

surface. 

Fig. 4 shows a change of current density of CNT 

cathodes dependence on second-step surface treatment 

with post-heat treatment. The average current density 

for samples after first-step surface treatment is 1.9 

mA/cm2. The current density of samples, that are 

carried out by a second-step surface treatment in the 

temperature range of 300°C and 390°C, shows much 

higher (maximum value of 20% at 360°C) current 
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Fig. 5. Optical microscopic images of samples dependence on temperature change in post-heat 

treatment. 

Fig. 4. Change of current density for CNT 

cathode dependence on temperature in post-heat 

treatment. 
 

density compared to the samples that have no second-

step surface treatment. The increased current density 

of samples, treated with the second-step surface 

treatment, is resulted from the removal of organic 

residues covering CNTs by burning out of them. The 

decrease in current density of sample treated over the 

temperature of 420°C is probably due to a burning of 

CNTs resulting in shorting of CNT protrusion on the 

surface.  

Fig. 5 shows OM images of field emission for 

samples before and after second-step surface 

treatment. As we expected, all the samples before the 

second-step surface treatment showed similar 

emission characteristics. The samples treated with 

second-step surface treatment under a temperature of 

390 °C shows apparently the same emission images. 

However, the sample heat treated over the temperature 

of 420 °C shows much poor emission image compared 

with other the samples. This non-uniform emission 

image of samples is related to the result of a low- 

current density of the CNT cathode in the Fig. 4.   

To investigate the major role of high-current density 

from the samples with second-step surface treatment, 

we observed a cross sectional view of samples with 

SEM. As shown in Fig. 6, some residues are observed 

in the sample that is heat treated under temperature of 

330°C. For the samples that are heat treated at a 

temperature of 420°C shows a low density of CNTs. 

Furthermore, the shorter length and lower density of 

CNTs are also observed for the sample treated at a 

temperature of 450°C. This result is coincident with 

the results in Fig. 4 and Fig. 5.  

From the view point of BLU application, the 

emission current of CNT cathodes determining the 

brightness is very important factor. As can be seen in 

Fig. 4, the second-step surface treatment developed in 

this study demonstrated about 20% improvement in 

current density of CNT cathode. The reason for the 

higher current density for sample treated with a 

second-step surface treatment is due to uncovering or 

sharpening of protruded CNTs. The higher aspect ratio 
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Fig. 6. Scanning electron micrographs of samples dependence on temperature in post-heat treatment. 

of CNT shape, resulted from the second-step surface 

treatment, is the major cause of high current density 

for the CNT cathodes. 

 

 

4. Summary 

 

The brightness of BLU with CNT cathodes is 

directly proportional to their current density. For the 

application of CNT cathodes as a BLU light source, it 

is necessary to fabricate a CNT cathode with high- 

current density. By using a newly developed second-

step surface treatment on CNT cathode at 360°C, 

about 20% improvement in current density was 

demonstrated. Therefore, the second-step surface 

treatment via heating process in this study provides an 

important guideline to the engineers who deal with 

surface treatment of CNT cathode for BLU 

applications. 
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