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Fig. 1. Process flow diagram of produce Carbon Nanotubes thin—film by screen-printing method.
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Table 1. The parameters of MWCNT.
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Fig. 2. The SEM images of the screen-printed car-
bon nanotubes thin-film before and after field evapo-
ration: (a) Before field evaporation (diameter of CNT

was 7-12 nm); (b) after field evaporation.
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Fig. 3. Circuit used to extract ion current using field

evaporation from carbon nanotubes thin-film.

SEEG I FE BT RS IHT 5, 23 % B oK
V53R4T SEML 43 BT R B0 T R SRR & DA
B8 IRIKE R IHB 2 B R AR, ST
JGT (AHEFL HE SR 0 88 7 R B — R AE keV 2R B,
2 8 3 LT RS I A R S, S E i
VAT R T (M —57.6 2] +57.6 V) X kLT
T RANHEAT VRS, AL, D T TIE SE R g oK A s
(37 28 I G, SRIRE [FE AR 7= (R AH [F) RIS R SH I
T AFESBEAT T A R B 7 R SR (A AT
HLF R, B BRI AE S5 S AT B0 ), DA E s 43
AT TAR D) 1S 2 SR T 5 - PR SR

4 R G4
4.1 SEM &#h

4.1.1 MRS AT
N T AESERR G A T 37 28 A R, A —

A MWOCNT # IR Ff i 72 UHV(< 1072 Torr) &4t
HEAT 1IN TR) B 7 R A, R )k 8 b,
SR B R R JE Y (R T S AT TN, £ SR A
K4 fros. B4 (a) J9 87 558 i SEM R AE
HE R, 8 R JE PR AR B RT 43 A Y b T A
TR R K B 5T, SEM RAERE F a4 (b) firos, /]
PAF B 4% o1 3 ZUTARAE M AL IR L 2 A &, A S i
FLERG AR . ReE AR X S %L
(energy dispersive X-ray spectroscopy, EDX) JG %
SRR 4 (c) BToR. S5 R, F0 10 3 B AL
439 C (Mo M IIAARE). 1% 5 A AT 5 E0R
F R GHIAR, PG AT PAHERR 828 R RORE 04T (K Hy
Ui TR AR BRI RN, AT 5 BUR R AR K
U, BB MWONT MR B T 3 78 R R0,
FER BB ES /D B UTARAE MM b 25 K ) £
UORR, WA B B C Rk 2 AN A7 & 2%
HsREN, KIS T TAR S B T MLk 5 4= 3 €.

2
25177 counts in 20 seconds

4 (MTIRE) B KA R MBS R ROt R4 R (a) BZRRETIIN SEM )15 (b) 378 5 M SEM I s

(c) XTE (b) L OFAENRE AL E ) EDX SGR R

Fig. 4. (color online) The grid images and element analysis result before and after field evaporation: (a) SEM

image of grid before field evaporation; (b) SEM image of grid after field evaporation; (c) energy-dispersive X-ray

spectroscopy elemental mapping result of the grid in (b) with red rectangle box.
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Fig. 5. (color online) Test results of field electron emis-
sion characteristic before and after field evaporation
experiment, the B 1st (solid square) and B 2nd (solid
circle) represent repeated measurements of the same
sample two times before field evaporation; the A 1st
(solid up-triangle) and A 2nd (solid star) represent two
repeated measurements of the same sample two times
after field evaporation; the uncertainty of the measure-
ments are less than 10%; the inset shows the Fowler-

Nordheim equation fit to the experimental data.
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Fig. 6. Collector current-bias while field ion emission

for carbon nanotubes thin-film (the uncertainty of the

measurements were less than 10%).
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Abstract

In recent years, the carbon nanotube (CNT) emitters used for ion sources or gas sensors have been investigated, and
the progress of several approaches such as field ionization and field desorption sources has been reported. However, a
major concern for these applications is possible loss of CNTs caused by field evaporation, which can shorten the lifetimes
of CNT-based emitters used for high electric field ion sources. So in CNT-based field emitter technology, emitter lifetime
and degradation will be key parameters to be controlled. However, up to now only very few investigations in this
direction have been conducted. The reason for this might lie in the fact that one often considers that the threshold
value of field evaporation for a kind of material (> 40 V/nm) is much higher than the field of ionization or desorption
(> 10 V/nm) according to the metal material characteristics (such as the threshold values of field evaporation for
tungsten and molybdenum are 54 V/nm and 45 V/nm, respectively). In this work, the carbon nanotube thin-film (the
density of CNTs is about 2.5 x 10%/cm?) is fabricated by screen-printing method, and the field evaporation behavior
of CNT thin-film is studied experimentally in an ultrahigh vacuum system typically operating at a pressure of lower
than 10~° Torr after a 4-hour bake-out at ~200 °C. Unlike the vertically aligned CNT array having higher electric field
around the edge of the array because of the shielding effect, the printed CNT thin-film has more uniform distribution
of electric field and is very easy to relize the mass production. The results show that the prepared CNT thin-film has
quite obvious field evaporation behavior (some contaminants have deposited on the surface of grid after field evaporation,
and energy-dispersive X-ray spectroscopy elemental mapping result of the grid indicates that the contaminants consist
mainly of carbon elements), with turn-on field in a range of 10.0-12.6 V/nm, ion current could reach up to hundreds of
pPA. Meanwhile, the results with scanning electron microscope analysis and field electron emission measurement indicate
that the CNT distribution turns into more non-uniform distribution after field evaporation; even some CNTs are directly
dragged away from the substrate by the strong field. The field evaporation of CNT thin-film also leads to field electron
emission onset voltage increasing from 240 V to 300 V, field enhancement factor decreasing from 8300 to 4200, and
threshold field of field evaporation rising from 10.0 V/nm to 12.6 V/nm. However, the repeatability of sample treated
by the field evaporation brings about an improvement to a certain extent. It could be understood in this way: upon
applying a positive voltage, the most protruding parts, which have the strongest emissive capability, are evaporated first,
which leads to the declined field enhancement factor; the parts of CNTs which have relatively weak emissive capability
are not evaporated. So the uniformity of electric field is improved through reducing the difference in field enhancement
factor rather than surface morphology between carbon nanotubes. The field evaporation of CNT thin-film is also a
process which improves the uniformity of electric field. Therefore, the stability and repeatability of the field electron

emission for carbon nanotube thin-film are improved naturally.

Keywords: carbon nanotube, field evaporation, field electron emission, field enhancement factor

PACS: 79.70.+q, 85.35.Kt, 07.77.Ka, 68.55.J— DOI: 10.7498/aps.65.097901

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11375155, 11375077).

1 Corresponding author. E-mail: zeyao@lzu.edu.cn

097901-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.097901

	1引 言
	2碳纳米管薄膜样品制备
	Fig 1
	Table 1
	Fig 2


	3实验装置
	Fig 3

	4结果与分析
	4.1 SEM分析
	4.1.1 栅网分析
	Fig 4
	4.1.2 MWCNT薄膜分析

	4.2 场致电子发射特性
	Fig 5

	4.3 二次电子的影响
	Fig 6

	4.4 场蒸发特性
	Fig 7


	5结 论
	References
	Abstract

