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In this paper, an instrument for the characterization of field emission properties of nanostructured surfaces

is described. First presented is an introduction to the theory of field emission followed by a short

derivation of the key equations formulated by Fowler and Nordheim. The system is then described

followed by an analysis of the system’s performance and some example results.
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Section 1 Introduction

In 1956, field-induced electron emission placed last when compared to the technical significance of

thermionic emission, photoelectric emission and secondary emission~. Extremely high fields were needed

to induce useful emission current densities, making field-induced emission the least feasible form of

electron emission for emerging technologies. At the time it was understood that topological

nanostructures on an emitting surface could solve this problem by intensifying and focusing the localized

field, thus reducing the field strength one needed to apply to induce emission currents - experimental

results showed local field amplifications by as much as two or three orders of magnitude2. However,

controlling the shape and ordering of nanostructures was still an immature art. The advent of the

Scanning Electron Microscope, the Atomic Force Microscope, and the Scanning Tunneling Microscope

sped up the development of this art and promoted the technological feasibility of field-induced electron

emission. Today field-induced electron emission is used in technologies such as field emission displays3,

field emission microscopy4, and pressure sensors5.

One of the primary champions of field-induced electron emission is the display industry. Much study has

gone into a technology that promises to rival the top three technologies of our time - the Cathode Ray

Tube (CRT), the Liquid Crystal Display LCD) and the Plasma Display (PDP). A Field Emission Display

is expected to offer the superior luminescence, fuller color, faster response time and wider viewing angle

Good RH Jr and Muller EW. (1956). Field Emission. Encyclopedia of Physics. Vol 21, pp 176. Berlin: Springer-
Verlag.
Good and Muller (1956). Field Emission. Encyclopedia of Physics. pp 180.
Mann C. (Nov. 2004). Nanotech On Display. MIT: TechnologyReview.com

<http ://www. technolo gyreview, c om/articles/04/11/mann 1104. asp ?p=0>
Good and Muller (1956). Field Emission. Encyclopedia ~’Physics. pp 201.
Lee HC and Huang RS. (1992). A study on field-emission array pressure sensors. Sensors and Actuators A. Vol.

34 No. 2 pp. 313-324.
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of the CRT in a package as thin as a PDP and as light as an LCD~. With the proper materials, field-

induced emission may overtake these display technologies. The instrument presented here allows

characterization and categorization of materials for their potential impact as emitters in such an industry.

In particular the instrument was constructed to allow characterization of a novel nanostructured carbon

films. The film’s nanostructure is obtained through the use of self-assembling block copolymersz. This

chemical process can be used to manufacture nanostructured carbon films on a large scale and has the

potential to replace the current methods of carbon film production: CVD, laser ablation, and arc welding.

Nanostructured carbon films made by variations in the block copolymer processing technique will be

tested for field-emission qualities to determine the optimal processing parameters for generating high

field amplification field-emission films.

Mann C. (Nov. 2004). Nanotech On Display. MIT: TechnologyReview.com
Kowalewski T, Tsarevsky NV, Matyjaszewski K. (2002). Nanostructured Carbon Arrays from Block Copolymers

ofPolyacrylonitrile. J. Am. Chem. Soc. Vo1.124. pp. 10632-10633.
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