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The field emission (FE) properties of molybdenum sulfide and niobium sulfide investigated in 

a field emission microscope (FEM) are reported for single tip geometry. The nano-protrusions at the 
end of the tip enhance the local electric field into the region where FE current could be measured at 
a low macroscopic electric field. FE measurements were carried out in a FEM, dynamically pumped 
at p ~10-7 mbar.  Samples were mounted on the top of metal pins positioned some mm from the 
aluminised luminescent screen biased as the anode. The FE characteristics obey the Fowler-
Nordheim relation in a wide range of values. Stable current up to 1 microamp could be extracted 
from a single emission site. The initial investigation of FE properties of niobium and molybdenum 
compounds with sulfur show that they can be aligned in a small group of nano materials with 
promising FE properties. Particularly, the most interesting application seems to be in ultrahigh 
resolution electron beam devices. Beside this, they exhibit a very high average current density that 
may be applied in flat cathodes. 
  
Introduction  
 

The discovery of the electron in 1897 by Joseph J. Thomson confirmed the assumption that 
atoms are not indivisible parts of matter, but composed of subatomic particles. Only a few decades 
later, it became evident that emission of electrons from a solid into vacuum can be realized by four 
main mechanisms: thermionic emission, field emission, photo emission and radioactive β decay.  

In 1928, a mechanism of electron emission from metal in intense electric field was proposed 
by R. Fowler and L. Nordheim. They showed that it is a quantum mechanical effect, which could be 
potentially useful for electron sources. Unfortunately, even after several decades, FE was not 
applied in any widely used electron beam device. Among several technical solutions, Spindt type 
FE arrays with refractory metal tips were among the most promising ones for several years. It 
finally became evident that metal cones lose their sharpness by evaporation and ion bombardment 
relatively fast and irreversibly. 

A new era for FE studies started some years ago, only a few years after the discovery of 
carbon nanotubes (CNTs). They became candidates for electron emitters in flat panel displays, gas 
discharge, X-ray and microwave tubes, and even lamps. 1 The main advantage of CNTs over the 
established technology using metal tip arrays seems to be related to their ability to retain a stable tip 
structure even in moderate vacuum of the order of 10-8 mbar. 2 They also appear to be self-healing 
to some extent, which is thought to be the reason for their stable operation in excess of 104 hours at 
average current densities up to 0.1 A/cm2. 3 Large-area displays manufactured by screen printing 
techniques have been demonstrated, but lack of uniformity is still a serious problem, arising from 
the difficulty in processing and dispersing CNTs. 4 

 
Experimental  
 
In this autumn school poster, some results on measurements of FE properties of newly 

discovered transition metal chalcogenide nanotubes are presented. The main FE characteristics, as 
measured on single tips, are found to be in many ways comparable to state of the art CNTs, but with 
the significant advantage of easy processibility, uniformity and reproducibility. 5  

The MoS2 NTs are all 0.96 nm in diameter and grow in loosely bound bundles, each typically 
consisting of up to 106 identical nanotubes. The bundles ubiquitously end in a pointed tip, with a 



single or few protruding NTs at the end, as shown in Fig. 1. Bundles range from 20 nm up to 1 µm 
in diameter and can be up to several millimeters long. They contain no impurities or catalyst and 
can be very easily dispersed in polar solvents into smaller bundles or even individual nanotubes. 
Altogether, the relative ease of processing and high stability of the MoS2 NTs in combination with 
metallic properties suggest that they might have some specific advantages over CNTs in FE 
applications, provided that they exhibit similar FE properties. 6 

On a very similar way, niobium sulfide compound is synthesized in the form of macroscopic 
needles, Fig. 2. Its precise formula is Agx(NbS4)4I which expresses traces of silver and iodine 
needed for their growth. 

Experimental details: base pressure 1x10-7 mbar, pre-processing at 200°C for 3 h , the FEM 
with a point-to-plane geometry, nominal emitter-to-screen distance 5 - 20 mm, emission 
characteristics of a small group of sites at the top of a tip, continuous bias conditions at room 
temperature, emission current over time averaged for I-U characteristics, current versus time plot 
recorded at fixed voltage for some hundred hours. 

 

 

 

 

 

 
Fig. 1: SEM picture of as-grown self-oriented 
MoS2.(left). TEM picture of one bundle (up 
right). Emission pattern of a MoS2 nanotube on 
the screen of the FEM, at some 10 nA FE 
current. (right down) 

Fig. 2: SEM picture of a as-grown niobium 
sulfide needle, TEM picture of the needle top 
(up right). Emission pattern from a few emitting 
sites at the top of the needle, at some 10 nA FE 
current. 
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