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Abstract: Due to its excellent field emission properties, stable chemical properties, and ease of low-cost large-ar-
ea preparation, zinc oxide nanowire has important applications in large-area cold cathode electron source devices.
Many works on the field emission mechanism, performance modulation, and electron source device applications of
7Zn0 nanowire cold cathodes have been reported in the past decades. To further advance the practical applications of
7Zn0 nanowire cold cathodes, it is necessary to summarize the current status and challenges of their development. In
this paper, we review the progress of ZnO nanowire cold cathode in aspects of field emission property, gate structure
design and fabrication, and the X-ray source application, from the point of view of the performance requirements of

large-area cold cathode electron source. Finally, a perspective on future research trends and challenges is given.
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Tab. 1 Field emission characteristics of ZnO nano cold cathode with different size
w5 b 1 4 TET L/ TFa g/ WRESHRI, KETH R/
cm’ (MV-m™) mA (mA-cm™)
B Zn0 Yk 1) ~0. 001 ~4 (10 pA-em™) ~0.09 90
AR 1700 Gk 2 50 0.15 5.4 (1 pA-em™) ~0.07 ~0.5
Zn0 4K £ 1 6 (0.1 pA-cm™) ~0.4 ~1
AGE L S5-R 1 1.6 (10 pA-cm™) 1 1
Zn0 4K 20.25 5.7 (10 pA-em™) 1 ~0.3
AGE LR S5 R 22.1 ~6 (10 pA-cm™) 12.9 0.58
ZnO 4k 2577 23.04 ~5(10 pA-cm™) 3.16 ~0.4
ZnO gk k™ 36 6.21 (10 pA-em™) ~2.1 ~0.5
AVELE SR 36 4.5(10 pA-em™) ~2 ~0.5

B Zn0 g K2R 23.04

7.1 (10 pA-cm™) ~20 ~1
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Fig. 1 Comparison of ZnO nano cold cathode field emission characteristics with different pattern space. (a)Simulation result on

field emission current. (b)—(d) Experimental result on turn-on field, field emission current and field enhancement fac-
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Fig. 2 Influence of electric transport on field emission characteristics of ZnO nano cold cathode. (a)Schematic diagram of self-

heating effect. (b)Field emission pattern of ZnO nano cold cathode. (c¢)Simulated relationship between maximum current

and electrical properties. (d)Simulated relationship between breakdown field and electrical properties™*!
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(f) Coaxis-gated structure. (g)—(h)Multi-micro size pattern gated structure’
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Fig. 4 Development of ZnO cold cathode X-ray source. (a)Diode flat panel device. (b) Transparent diode flat panel device. (¢)
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