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Abstract

over the present thermionic cathode, for example, instant start, low working voltage, and the ability to work at room

The Spindt cathode based on advanced micro/nano processing technology has many advantages

temperature, etc. Despite the superior performance of the Spindt cathode, it is difficult to achieve practicality,
ultimately due to the low reliability of the Spindt cathode. In recent decades, researchers have committed to
improving the field emission performance and reliability of Spindt cathode in terms of structure, materials, and
process technology. In addition to continuously improving the performance of Spindt cathode to meet the needs of
high frequency and high power vacuum electronic devices, researchers are also seeking and exploring other new
fields with low current, low energy, and high reliability to better leverage the advantages of Spindt cathodes. The
article provides a review of the latest research progress on Spindt cathodes.
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Fig. 1 Schematic of the Spindt cathode
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Fig. 2 Manufacturing process of Spindt cathode. (a) Silicon ox-

Si Sio, [ ]ALO,

idation, (b) gate layer deposition, (c) gate lithography,
(d) gate ICP etching, (e) cavity wet etching, (f) sacrifi-
cial layer deposition, (g) tip formation, (h) peeling off
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Fig. 3 Cross sectional schematic of the process for fabricating

Spindt cathodes using nanosphere lithography technique.
(a) Silicon dioxide and sacrificial lift-off layer deposi-
tion, (b) the area of Spindt cathode etching, (c) Po-
lystyrene (PS) particles monolayer self-assembling,
(d) sacrificial lift-off layer removing, (e) oxygen reac-
tiveion etching, (f) metal film deposition through the
thinned PS nanospheres, (g) PS nanospheres removing,
(h) cavities etching in the oxide down to the silicon base,

(i) emission tips forming
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Fig.4 SEM image of Spindt cathode fabricated with nanos-

phere lithography method
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Fig. 5 A cross-sectional image of the Spindt-type Ni volcano-

structured double-gated field emitter arrays
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Fig. 6 Schematic representation of the fabrication process for

the high-density gated FEAs. (a) The process started by

.

<
G

filling the thermally oxidized anisotropically etched
Si(100) template with Mo, (b) subsequent deposition of
seed Cr/Pd layers and thick Ni layer electroplating, fol-
lowed by chemical removal of Si template and thermal
oxide. (c) deposition of PECVD SiO,, evaporation of Cr
and polymer spin coating. (d) soft polymer flattering by
nanoimprint process. (e) dry etch of polymer, (f) dry
etch of Cr gate apertures and wet etch of SiO,
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Fig. 7 The SEM of molybdenum field emission arrays
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Fig. 8 Cross section SEM images of the Spindt cathode insula-

tion layer cavity. (a) Before optimization, (b) after opti-

mization
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