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Abstract Number: 147

Introduction: The electron field emission (EFE) properties of nano/microcrystalline diamond and disordered carbon films have attracted a great deal of interest due to their relatively low threshold field which contrast to that of sharp metal (Spindt) tips commonly used in flat panel displays (FPDs). In addition, carbon films are easier to grow than Spindt tips, which require a complicated fabrication process, and the excellent mechanical and chemical stability of carbon will result in highly reliable and stable emitters. We investigated the changes produced on the electron field emission (EFE) properties of nanocrystalline carbon (n‑C) films as a result of adding sulfur to the chemical vapor deposition process, and the corresponding microstructural changes. These studies were performed in order to tailor the material as a viable cold cathode material by introducing defects and altering the electronic structure.

Methods and Materials: Nanocrystalline carbon thin films were synthesized in a custom-built hot filament chemical vapor deposition (HFCVD) reactor on polished Mo substrates.  A 500 ppm H2S in H2 gas mixture was introduced in the chamber along with a CH4:H2 mixture as feedstock gas. Typical film thicknesses were around 1.0 (m for all of the samples 

Results: The I-V characteristics obtained experimentally for the nanocrystalline carbon thin films grown with (n-C:S) and without sulfur (n-C) are shown in Fig. 1.  Two interesting features can be seen: (i) the strong impact of sulfur addition on the threshold field (Ec) and (ii) the exponential increase of current amplitude. The measurements were not taken above 25-35 mA in order to prevent ‘breakdown’.  The lowest turn-on field achieved was ~4.5 V/mm for the S-assisted, while for the intrinsic material it was 10.5-11.0 V/mm.  Therefore, upon sulfur addition to the CVD of n‑C, the turn-on field (Ec) becomes reduced up to about half of that of the intrinsic material. The variation of Ec with sulfur concentration is plotted in Figure 2, showing an inverse correlation between Ec and sulfur concentration within the range of our study.  Similar observations have also been done for N-doped amorphous carbon materials.
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The mechanism by which sulfur causes the effects described above is not apparent at present, but a tentative explanation can be provided. It is clear from the Raman spectra (not shown) that, upon sulfur addition to the CVD process, the defect density is enhanced. These defects create additional energy states within the bandgap (midgap states) of disordered carbon, as recently characterized by us using Spectroscopic Ellipsometry (SE). Connected to these results, the  behavior of Ec indicates that the defect-induced states contribute electrons for emission at low threshold fields. 

Conclusions: Sulfur addition to n‑C enhances its field emission properties rendering it a more viable cold cathode material. The changes in field emission characteristics are attributed to the alteration of the electronic structure by the incorporation of electronic  defect states. 
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Figure1. I-V curves for the nanocrystalline carbon thin films deposited by CVD with and without sulfur incorporation at a particular substrate temperature (TS).   The dotted line (---) is the reference current (1 nA) to define the turn-on field (Ec).
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Figure 2. Variation of Ec with S concentration.  
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