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Abstract — In order to investigate field emission mechanism of undoped polycrystalline diamond films,
diamond films with different structural properties were deposited by varying positive substrate bias and/
or CH, concentration. When increasing the CH, concentration and positive substrate bias voltage,
nondiamond carbon content in diamond films increased. Increase of nondiamond carbon content with
increasing substrate voltage is ascribed to increase of substrate and excess generation of CH, radicals.
Field emission properties of undoped polycrystalline diamond films were significantly enhanced with
increasing nondiamond carbon content. For diamond films with a small amount of nondiamond carbon,
electrons are emitted through diamond surface while for the films with a large amount of nondiamond
carbon, electron emission occurs through diamond bulk as well as surface. From this study, depending
on nondiamond carbon content two field emission mechanisms were suggested.
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8! 1. Raman spectra from the diamond films grown
at 2% CH, under (2) 0 V, (b) 50 V, (c) 100 V, 3% CH,
under (d) 0 V, (e) 50 V, 5% CH, under (f) 0 V, and 10%
CH, under (g) 0 V.
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8! 2. 1-V curves from the diamond films grown at (a)
2% CH./0 V, 2% CH,/50 V, and 2% CH./100 V, and (b)
3% CH./0 V, 3% CH,/50 V, and 5% CH./0 V.
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18| 3. Spatial distributions of emission sites as recorded from the diamond samples. The images were obtained at the
fields of (a) 22 V/um for the films grown at 2% CH, under 0 V, (b) 15 V/um for the films grown at 2% CH. under 50
V, (¢) 13.5 V/um for the films grown at 3% CH, under 0 V, (d) 11 V/um for the films grown at 5% CH. under 0 V,
and (e) 11 V/um for the films grown at 10% CH, under 0 V. A phosphor coated ITO glass was used as an anode. The
four arrows inserted in each image indicate four edges of the samples with dimension of 1X1 em’,
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28 4. A microstructure model for describing the electron transport path and the resulting field emission mechanism of
the CVD grown undoped polycrystalline diamond films with different structural properties. (a) Structure of the film well
faceted with a high quality, a large grain size, and a relatively small nondiamond carbon content. (b) Structure of the
film non-faceted with a poor quality, a small grain size, and a large nondiamond carbon content.

(@ Mo mask

-

.

.

N\

_

(b) triple edges

18 5. (a) A schematic of a Mo mask (1X1 cm®) with a hole of 0.5X0.5 cm’. (b) A schematic of the resulting di-
amond film selectively deposited on a Si substrate with a dimension of (1.2X 1.2 cm’). The images were obtained at the
fields of (c) 8 V/um and (d) 11 V/um.
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