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Table 1  Process parameters of diamond film deposition 
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Fig.1  Electron field emission properties J-E curves of diamond  

films 
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Fig.2  Surface morphologies of diamond film of different substrates deposition: (a) Si, (b) Ti/Si, (c) W/Si, and (d) a magnified view of MCD 
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Fig.3  XRD patterns of diamond film of different substrates  

deposition 
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� 4  MCD/Metal/Si4 MCD/SiDEH Raman�£ 

Fig.4  Raman spectra of MCD/Metal/Si and MCD/Si films 
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� 5  MCD/Metal/Si4 MCD/SiDE��H XPS�£ 

Fig.5  XPS spectra of MCD/Metal/Si and MCD/Si film samples: (a) MCD/Si, (b) MCD/Ti/Si, and (c) MCD/W/Si 
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Table 2  Electrical characteristic parameters of MCD/Metal/Si and MCD/Si film samples 

Hall measurements 

MCD films 

Resistivity/Ω·cm 

Electrical 

conductivity/(Ω·cm)

-1

 

Carrier mobility/¤10

2

 

cm

2

·(V·s)

-1

 

Carrier concentration/cm

-3

 

MCD/Si 19.62  0.05097 3.389 4.624×10

15

 

MCD/Ti/Si 3.337  0.2997  7.977 2.435×10

16

 

MCD/W/Si 0.3271  3.057 9.552 1.998×10

17

 

1000 1100 1200 1300 1400 1500 1600

 

v

3

MCD/Ti/Si

MCD/W/Si

 MCD/Si

I
n
t
e
n
s
i
t
y
/
a
.
u
.

Raman Shift /cm

-1

 

 

 

v

1

D

∗

D

G

� 

� 

� 

282 284 286 288

sp

2

C 1s

sp

3

 

 

 

I
n
t
e
n
s
i
t
y
/
a
.
u
.

 Binding Energy/eV

MCD/Si

a

282 284 286 288

 

b

Binding Energy/eV

sp

2

sp

3

C 1s

MCD/Ti/Si

 

 

282 284 286 288

 

 

c

Binding Energy/eV

sp

2

sp

3

MCD/W/Si C 1s

 

 



� 11�                              � �����	
�����������������                     �3437� 

 

�����3 ���	
���������

��������������� !"#�$�%

&'()*+,-./0+,1��� !234

56789:;,5<=->?��� !��

;,@ABC�DEFGHIJK

[21]

�78L%M

NIJKOPQ�R&SHT7UV78N�;

,W3�����X=Y23��� !Z

MCD/Metal/Si [\;,(]G^_`6��;,C

��@AabDE�78N�;,W3�����

OPcdef�78g�
N�;,W3����h

�ijklQ�V78mnog�
pqr��X�

sHQ7�tuvwx��78�yz{|HQ

}~����0+,���� !23ef���

��L��7��=��)� Siz,�s23��

� !Z��z,���@������W���

��m��@AH������s����;��

sH� sp

2

�-���s��h�@A5�789:

5<�G�)78g�z,��| �Vm�78

�¡wx¢g�����z,£|�z{|Hc�

��7¤"¥=�)��*+,-.�¦u��§

� !Gm¨©^ª�.« MCD/W/Si;,(]

������¬F®¯�����= 

3  �  � 

1) °u HFCVD±s Si²Ti/Si³ W/Si�
z,

´|µ¶·x¸��������� W ³ Ti �

 !µ¹_º�7»��³�����= 

2) �� W � !������������^

ª¼½�%&z{¾}~��Q³���7¤"¥c�

}~��¾ 5.4 V/µm�Y7��¥¾ 8.9 V/µm¿¼c

7¤"¥¹À� 1.48 mA/cm

2

= 

3) ��� !Á�����z,@ÂÃGÄ

¨ÅÆ���������%&Ç´1��� 

!23V;,C���_`�78MNJKlQ�

456789:;,5<�V78mnog�
p

qr��X������h sp

2 

C Èi�S�¾78

pqeÉm��75<�Go)Ê�mT���

7¤�gËz{|ÌÍ���C�= 

 

����    References 

[1] Tzeng Y, Yoshikawa M, Murakawa M et al. Materials & 

Design[J], 1992, 13(1): 60 

[2] Liao Xiaoming(���), Ran Junguo ( !"), Gou Li(# $) 

et al. Rare Metal Materials And Engineering(%&��'(

)*+)[J], 2005, 34(2): 755 

[3] Field J E. The Properties of Diamond[M]. London: Academic 

Press, 1979  

[4] Vander W J, Nemanich R J. Applied Physics Letters[J], 1993, 

62(16): 1878 

[5] Zhu W, Kochanski G P, Jin S. MRS Proceedings[C]. 

Cambridge: Cambridge University Press, 1995  

[6] Li S, Ma L, Long H et al. Applied Surface Science[J], 2016, 

367: 473 

[7] Show Y, Matsuoka F, Hayashi M et al. Journal of Applied 

Physics[J], 1998, 84(11): 6351 

[8] Zhao Y, Zhang B, Yao N et al. Diamond & Related 

Materials[J], 2007, 16(3): 650 

[9] Yeh C J, Chang H T, Leou K C et al. Diamond and Related 

Materials[J], 2016, 63: 197 

[10] Shen Y, Zhang Y, Zhang C et al. Journal of Alloys & 

Compounds[J], 2017, 709: 8  

[11] Okano K, Koizumi S, Silva S R P et al. Nature[J], 1996, 

381(6578): 140 

[12] Shen Y, Qiao Y, He Z et al. Materials Letters[J], 2015, 139: 

322 

[13] Lei Qingsong(,-. ). Vacuum & Cryogenics(/0)1

2)[J], 2003, 9(2): 76 

[14] Zhang T, Zhang J, Shen B et al. Journal of Crystal Growth[J], 

2012, 343(1): 55 

[15] Fowler R H, Nordheim L. Mathematical, Physical and 

Engineering Sciences[J], 1928, 119(781): 173  

[16] Nakanishi J, Otsuki A, Oku T et al. Journal of Applied 

Physics[J], 1994, 76(4): 2293 

[17] Yokoba M, Koide Y, Otsuki A et al. Journal of Applied 

Physics[J], 1997, 81(10): 6815 

[18] Mortet V, Zhang L, Eckert M et al. Physica Status Solidi 

(a)[J], 2012, 209(9): 1675 

[19] Corrigan T D, Gruen D M, Krauss A R et al. Diamond and 

Related Materials[J], 2002, 11(1): 43  

[20] Ferrari A, Robertson J. Translated by Tan Pingheng(345). 

Raman Spectroscopy in Carbons: from Nanotubes to 

Diamond(6'(�789: : ;<=>?��� )[M]. 

Beijing: Chemical Industry Press, 2007: 144 

[21] Sankaran K J, Panda K, Sundaravel B et al. ACS Applied 

Materials & Interfaces[J], 2012, 4(8): 4169 

[22] Stavis C, Clare T L, Butler J E et al. Proceedings of the 

National Academy of Sciences[J], 2011, 108(3): 983 

[23] Liu Xuezhang(@AB), Wei Qiuping(CD4), Zhai Hao(E 

F) et al. The Chinese Journal of Nonferrous Metals(G"&

H��AI)[J], 2013, 23(3): 667 



�3438�                                        %&��'()*+                                             � 47J 

[24] Cheng H F, Chiang H Y, Horng C C et al. Journal of Applied 

Physics[J], 2011, 109(3): 033 711 

[25] Perry S S, Somorjai G A. Journal of Vacuum Science & 

Technology A: Vacuum, Surfaces, and Films[J], 1994, 12(4): 

1513 

 

 

 

Improvement Mechanism of Field Emission Properties of Diamond Films by Metal 

Transition Layers 
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Abstract: Micro-crystalline diamond films on a silicon substrate were prepared by a HFCVD method with a titanium or tungsten transition 

layer, and the field emission characteristics of the films were studied. The results show that the metal transition layers can significantly 

enhance the field emission properties of the diamond films. When the tungsten layer is used as the transition layer, the opening field 

intensity of the film is 5.4 V/µm, which is reduced by 44% compared with that of non-transition layer films. Furthermore, the field 

emission current density can reach 1.48 mA/cm

2

 at the electric field strength of 8.9 V/µm. The structure characterization of the films shows 

that the enhancement of the field emission properties is mainly attributed to the decrease in the electron transport barrier at the interface 

and the increase in the sp

2

 C content in the film. Good conductive channels are formed at the interface and in the diamond film, causing 

easier electron transport. Hence, the diamond film with a metal transition layer exhibits enhanced field emission properties. 

Key words: metal transition layers; diamond films; conductive channels; electron field emission properties 
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