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Abstract 
Screen printable CNT pastes were formulated including 
conductive nano particles (CNPs) and their properties 
were investigated with an expectation of stable cold 
cathodes for advanced lamp application. CNT cathodes 
showed a turn-on field of 1~1.5V/um, a life time of ~100 
hours at an emission current density of 10uA/cm2 for 
DC-bias.  Detailed analysis of measured I-V was 
carried out by applying Fowler-Nordheim model to trace 
down the origin of emission property degradation. 

 
 

1. Introduction 
 

Since late 1960s, cold cathode electron emission1 
phenomena has long been one of key research subjects 
due to the potential applications as planar information 
display2, high quality electron sources3, advanced 
lamp4, miniaturized X-ray tube4, and electronic 
cooling devices6. Initially cold cathodes based on 
metal tips were intensively studied and then, carbon 
nano tubes (CNT) were opened a new era of field 
electron emission with the development of need-
specific CNT structures7. 

In this study, screen printable CNT pastes including 
need-specific CNTs and conductive nano particles 
were formulated to increase the stability of cold 
electron emitters required for advanced lamp 
application. 

 
 

2. Experimental  
 

Need-specific CNTs (CMP-320F, Hanhwa Nano 
Tech. Co.) with an average diameter of 5nm were used 
for the preparation of CNT pastes. Formulation recipe 
includes; i)preparation of optimized polymer binder 
composing of Acrylate, solvent, isopropyl alcohol, 
Terpineol, ii)mixing CNTs, CNPs, etc. with the binder, 
iii)3-roll milling for screen printable CNT pastes. 

Thermal properties of CNT pastes were studied 

using TGA (thermo gravimetry analyzer) to obtain an 
optimized heat treatment profile for printed cold 
cathodes. After screen printing on ITO (or bare) glass, 
drying of samples was done in air at 120 oC for 10min 
and then, heat treatment at 260 oC was followed for 
more than 2 hours. Just before the emission test of 
prepared sample, surface treatment using sticky roller 
was done to set up surface CNT emitters up-right as 
shown in Fig.1. 

 

 
Fig. 1. SEM micrograph of roller-treated CNT 

     cold cathodes. 
 
 

3. Results and discussion 
 

Sheet resistance of printed CNT cathodes of 
7.5x7.5cm2 size was changed from (4.6±0.26)x104Ω⁄
□ after drying at 120 oC to (8.4±0.10)x102Ω⁄□ 
after heat treatment at 260 oC due to the burning out of 
the binder resulting in the networking between CNTs 
and CNPs. Similar CNT pastes without CNPs was 
comparably changed from (1.27±0.12)x106Ω⁄□ 

after drying at 120 oC to (1.0±0.02)x103Ω⁄□ after 
heat treatment at 260 oC. Thus the incorporation of 
CNPs improved the conductivity of CNT cathodes by 
10~20%. 

Fig.2 illustrates the typical emission I-V curves of 
patterned CNT cathodes consisting of 97x96 cells of 
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0.06x0.06cm2 size (area ~33.5cm2) and resulted in a 
decrease of ~10% compared to the initial current 
density of 500 uA/cm2 after 50 cycle repeating. 

  

 
Fig. 2. Measured typical emission I-V curves of 

patterned CNT cold cathodes. 
 
Fig.3 displays the typical long-term change of 

emission current density of 440uA/cm2 for 44.5 hours 
under DC-bias resulting in a decrease of ~25%. Thus 
the life time of CNT cathodes even under DC-bias 
would be 90 hours.    

 
Fig. 3. Measured typical long-term change of 
      Emission current density under DC-bias. 
 
In order to investigate the detailed origin of the 

emission instabilities, FN model1 was applied for 
measured I-V data as shown in Fig.4. The inset 
corresponds to the FN-fitting to get the key 
parameters, field enhancement factor β of 7,571 and 
effective emission site density neff of 13 sites /cm2 by 
considering workfunction of CNT cathodes as 5eV, 
average diameter of 5nm for thin MWNT. With the 

elapse of emission time at high current density, the β 
was typically reached to 300~4000 and the neff to 
105~106 sites /cm2. 

 
 

4. Summary 
 

Printable CNT pastes were formulated for advanced 
lamp application and, by adding CNPs, the life time of 
patterned CNT cathodes was extended to 90 hours even at 
440 uA/cm2 under DC-bias. Aging process of about 10 
hours including repeated I-V and I-t may be a useful way to 
get much higher emission site density with 300~4000 of 
field enhancement factor.  
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