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Fabrication Of Miniature Electron Emitter
—Electrical Properties of MIM Tunnel Emitters—
on Sapphire Substrate

Kouiti USAMI
Abstract

A tunnel emitter generates an electron emission into the vacuum using a tunnel phenomenon. It
is expected as a miniature cold cathode in a micron size vacuum tube integrated circuit. The
fabrication process and the operation characteristic of tunnel emitter with MIM (Metal-Insulator-
Metal) or MIS (Metal-Insulator-Semiconductor) structure have been studied by many investigators.
In these, the MIM type is favorable to develop a large size electron emission array, which is
applicable to optical image display panel because of its simple structure and inexpensive fabrication
cost. In this article, the process of low current density and long time anodic oxidation of Al film
deposited on a sapphire substrate in a low temperature dilute ammonium tartrate solution to form
an excellent quality thin Al tunnel oxide layer was shown briefly. On the oxide layer, a MIM type
tunnel emitter having a 1 mm? emission area was fabricated and the emission characteristics were
measured in vacuum as a function of oxide thickness.
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Fig. 1 Energy bend diagram of MIM tunnel emitter using an Al
oxide film as a tunnel barrier insulator.
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Fig. 2 AFM morphologies of Al film surfaces (a) deposited
at 350°C of sapphire substrate temperature and (b)
deposited at room temperature after substrate heat
treating at 350°C for 30 minutes.
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Fig. 3 Schematic diagram of MIM tunnel emitter.
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Fig. 4 |-V characteristics of MIM diodes on a glass substrate
and a sapphire substrate.
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Fig. 5 |-V characteristics of MIM tunnel emitters for various Al

oxide thicknesses.

20 900
18 4 800 z
<16 ¢ {70 S
E 2
= ——Diode Current Id 1 600 2
212 . £
3 0 —&—Emission Current le 1 500 3
3 {400 s
g ° 3
26l 1 300 £
4 4 200
2 E 4 100
0 0
0 2 4 6 8 10 12

Diode Voltage Vd [V]

Fig. 6 Typical emission characteristics of MIM tunnel emitter
with a 13nm thick Al oxide film.
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Fig. 7 Emission efficiency of MIM tunnel emitter as a function
of Al oxide thickness.
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