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Table 1 Process parameters of diamond film deposition

B Reactant gas Reaction Substrate Filament foi“sltance D it
ase Methane/ Hydrogen/ pressure/ temperature/  temperature/ of filament ep osition
pressure/Pa mL-min! Lemi! Pa © C and substrate/ time/h
mm
3.0x107° 25 150 4x10° 850 2200 5 3
OEE Y ONCSIINE 2 €8 SIS B AN cE | ST ST
1.6 Tob 0 2 4 Ja T 4 DA v S TR T 3 s e L. mT A
}' HEWTIX 3 A ORE i 19037 S 38 i IR 7 I i ik AR
—m— MCD/W/Si r —1[15]
L2F o McDrisi i AH A,
T ——MCD/si h WA 7 T, MCD/Si fil MCD/Metal/Si 5 & 45
i:; 0.8 )Z' W XRD EE QIR 3 Fios. FTa R 4 NA
S g JE R R H R AT, RTHTIERBE, T 43.9°0 75.3°F
04l A 011..5° 4 f 45 A A7 5 U6 4 B8 0 T 2 BUAT R (11D
i ' (220) A1 (311) & 1 - MCD/Si.- MCD/Ti/Si.- MCD/W/Si
0.0  me— " , VBB il PR < AT (111D 75 W 225 T (2200 AT (311)

4 5 6 7 8 9 10 11
E/V-pm’

BT WA IR i 10 3 R e bk J-E it 2
Fig.1 Electron field emission properties J-E curves of diamond

films
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Fig.2 Surface morphologies of diamond film of different substrates deposition: (a) Si, (b) Ti/Si, (c) W/Si, and (d) a magnified view of MCD
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Fig.3 XRD patterns of diamond film of different substrates

deposition
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Fig.4 Raman spectra of MCD/Metal/Si and MCD/Si films
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Fig.5 XPS spectra of MCD/Metal/Si and MCD/Si film samples: (a) MCD/Si, (b) MCD/Ti/Si, and (c) MCD/W/Si
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Table 2 Electrical characteristic parameters of MCD/Metal/Si and MCD/Si film samples

Hall measurements

MCD films Resistivity/Q-cm con duftlii/cigi/c(z;-cm)'l Carriegnr?iliﬂist)}_/l/ x10° Carrier concentration/cm™
MCD/Si 19.62 0.05097 3.389 4.624x10"
MCD/Ti/Si 3.337 0.2997 7.977 2.435x10'
MCD/W/Si 0.3271 3.057 9.552 1.998x10"7
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Improvement Mechanism of Field Emission Properties of Diamond Films by Metal
Transition Layers

Zhang Yu',Yang Wulin "%, Fu Licai', Zhu Jiajun', Li Deyi', Zhou Lingping'*
(1. Hunan University, Changsha 410082, China)
(2. Key Laboratory of Spray Deposition Technology of Hunan Province, Changsha 410082, China)

Abstract: Micro-crystalline diamond films on a silicon substrate were prepared by a HFCVD method with a titanium or tungsten transition
layer, and the field emission characteristics of the films were studied. The results show that the metal transition layers can significantly
enhance the field emission properties of the diamond films. When the tungsten layer is used as the transition layer, the opening field
intensity of the film is 5.4 V/um, which is reduced by 44% compared with that of non-transition layer films. Furthermore, the field
emission current density can reach 1.48 mA/cm? at the electric field strength of 8.9 V/um. The structure characterization of the films shows
that the enhancement of the field emission properties is mainly attributed to the decrease in the electron transport barrier at the interface
and the increase in the sp> C content in the film. Good conductive channels are formed at the interface and in the diamond film, causing
easier electron transport. Hence, the diamond film with a metal transition layer exhibits enhanced field emission properties.

Key words: metal transition layers; diamond films; conductive channels; electron field emission properties
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