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Fig. 1. (a) Schematic diagram of the experimental setup for graphene growth; (b) schematic diagram of the testing system for field

emission; (c) physical diagram of the testing system for field emission.

# 1 ARESAEER CVD K S
Table 1.  CVD growth parameters of graphene with different morphologies.

A BRI AR EE /C FBEHREE /scem AR /scem AR /min

B RS 1030 2 20 5
AR 1030 2 30 5

FEERUYAYEE. 1030 5 20 5
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Fig. 2. Graphene before transferring. Optical microscope images of (a) single-layer grapheme, (b) graphene islands, (¢) graphene
with buffer layers. Scanning electron microscope images of (d) single-layer grapheme, (e) graphene islands, (f) graphene with buffer

layers.
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Fig. 3. Graphene after transferring. Optical microscope images of (a) single-layer grapheme, (b) graphene islands, (c) graphene with
buffer layers. Scanning electron microscope images of (d) single-layer grapheme, (e) graphene islands, (f) graphene with buffer
layers. Raman spectra images of (g) single-layer grapheme, (h) graphene islands, (i) graphene with buffer layers.
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Fig. 4. Scanning electron microscope images and schematic diagrams of graphene with different macroscopic morphologies:

(a) Single-layer graphene; (b) graphene islands; (c) graphene with buffer layers.
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Fig. 5. Field emission properties of graphene with different
morphologies: (a) J-E curves; (b) F-N curves.
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Fig. 6. Field emission current stability of graphene with dif-
ferent morphologies: (a) Single-layer graphene; (b) graphene
with buffer layers; (¢) graphene islands.
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Fig. 7. Electric field distribution map of graphene: (a) Contimuous layer; (b) edge.
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Fig. 8. Scanning electron microscope images of graphene after field emission: (a) Single-layer graphene; (b) graphene with buffer lay-

ers; (c) graphene islands.
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Fig. 9. Temperature distribution of graphene after field
emission: (a) Single-layer graphene; (b) graphene with buf-

fer layers; (c) graphene islands.
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Abstract

Graphene is one of the most potential field emission cathode materials due to its excellent electrical,
thermal, and mechanical properties, as well as rich edge structures. In this paper, we study the growth
parameters of graphene prepared by chemical vapor deposition, and prepare three kinds of morphologies of
graphene: single-layer graphene, graphene islands, and graphene with buffer layers, and then we explore the
influence of the morphological characteristics of graphene on its field emission properties, and analyze the
mechanism of influence of the morphological characteristics of graphene on its field emission properties through
COMSOL. Comparing with single-layer graphene, the turn-on field of graphene islands and that of graphene
with buffer layers decrease to 5.55 V/um and 5.85 V/pm, respectively. The current densities also increase to
40.3 pA/cm? and 26.4 pA/cm?, respectively. On the other hand, the field emission currents of single-layer
graphene and graphene with buffer layers are more stable. In a 5-hour test, the current densities only decrease
by 2% and 4%, respectively. COMSOL simulation shows that the morphological characteristics of graphene
have significant influences on the electric field distribution characteristics and heat dissipation capacity.
Graphene islands and graphene with buffer layers have exposed edges, leading to local electric field
concentration, and thus improving field emission properties. The graphene islands are distributed discretely on
the substrate, forming no continuous graphene film and lacking transverse heat dissipation channels, so the
accumulation of heat will cause damage to the graphene emitter, and affect the stability of its field emission
current. This study will be of great benefit to the understanding of the influence of the morphological
characteristics of graphene on its field emission properties, and improving the field emission properties of

graphene materials.
Keywords: graphene, morphology, field emission, COMSOL multiphysics

PACS: 61.48.Gh, 68.37.Vj, 72.80.Vp, 79.70.+q DOI: 10.7498 /aps.73.20231784

* Project supported by National Natural Science Foundation of China (Grant No. 51977169), the Fundamental Research
Funds for the Central Universities, China (Grant Nos. xzy012023152, xtr062023001), and the State Key Laboratory of Elec-
trical Insulation and Power Equipment, China (Grant No. EIPE22315).

1 Corresponding author. E-mail: gdmengxjtu@xjtu.edu.cn

086101-10


http://doi.org/10.7498/aps.73.20231784
mailto:gdmengxjtu@xjtu.edu.cn
mailto:gdmengxjtu@xjtu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

A BRI SR Ho 3 R 5 P B R
I ERE WRE THAF BExI ZEK

Influence of morphological characteristics of graphene on its field emission properties

Zheng Qin-Ren  Zhan Fu-Zhi  She Jun-Yi  Wang Jian-Yu  Shi Ruo-Li  Meng Guo-Dong

5] Fi{5 B Citation: Acta Physica Sinica, 73, 086101 (2024) DOI: 10.7498/aps.73.20231784
TEZE RT3 View online: https:/doi.org/10.7498/aps.73.20231784
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

WA A SR R SIESURE
Wettability and morphology of liquid gallium on graphene surface
YIHLEHE. 2018, 67(14): 149601  https://doi.org/10.7498/aps.67.20172717

PUTT S GaNGIAR L i 6 . $BARA T I S R S REDF T
Preparation, doping modulation and field emission properties of square—shaped GaN nanowires

YIFIE4. 2020, 69(16): 167805  https://doi.org/10.7498/aps.69.20200445

PNy R R BTl N R SR 0 e st AT A A D e & i
Photon—excited carriers and emission of graphene in terahertz radiation fields

PPz 2018, 67(2): 027801  https://doi.org/10.7498/aps.67.20171730

HEERUZAT SR BNE T . ] 45 0786 SO Bt Je

Review of fabrication methods, physical properties, and applications of twisted bilayer graphene

PFEEEAR. 2018, 67(24): 246802 hitps:/doi.ore/10.7498/aps.67.20181432

AR B HL A NS A s i = R S ) 5 — PR B 5

First—principles calculation of effects of deformation and electric field action on electrical properties of Graphene

YrH2E 4. 2018, 67(7): 076301  https:/doi.org/10.7498/aps.67.20172491

A B ROT R X A0 S AR B S B AR SC JR A

Effects of graphene size and arrangement on crack propagation of graphene/aluminum composites

YIBR2A 4. 2022, 71(13): 134702 hitps://doi.org/10.7498/aps.71.20212203


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231784
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172717
https://doi.org/10.7498/aps.69.20200445
https://doi.org/10.7498/aps.67.20171730
https://doi.org/10.7498/aps.67.20181432
https://doi.org/10.7498/aps.67.20172491
https://doi.org/10.7498/aps.71.20212203

	1 引　言
	2 实验与测试
	2.1 石墨烯的制备
	2.2 石墨烯的表征与场发射性能测试

	3 结果与讨论
	3.1 石墨烯的CVD生长参数与表征
	3.2 石墨烯场发射性能随形貌特征的变化规律

	4 结　论
	参考文献

