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Fig. 1. FESEM surface topography of (a) NCD, (b) SNCD-

Un, (¢) SNCD-900.
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Fig. 2. Background current of SNCD in 1 mol/L KCl sys-
tem at different annealing temperatures.
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Fig. 3. Cyclic voltammograms of SNCD at different anneal-
ing temperatures in a 0.001 mol/L K3Fe(CN)s + 1 mol/L
KCl system at a sweep speed of 100 mV/s.
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SN e AR AR AR AN AT 30 b2 1 v T R
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5B AR E FFEE] 900 °C M DL F I, T LR
P AL I SR TR S B T 1 B R, H A Qe i
K. Hrt SNCD-900 #F: it %) 51k 0 Ji 0 v i 2 B
L,/ L, S35 1, AE, Wik 3] T 5e/MA 0.20 V,
FHIFE 900 °C B KA T, HUMk R TH HE 7] 30 %
B, T T S AR S ] 5 P R A
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T U P (3£ S S AL 2 P TR

Table 1. Peak potential information and electro-

chemically active area of SNCD electrodes with dif-

ferent annealing temperatures at a scanning rate of

100 mV/s.
FRAH  WREAR,V ﬁﬁ‘gi‘fﬁm )
NCD 0.38 0.31
SNCD-Un 0.26 0.39
SNCD-600 0.27 0.36
SNCD-700 0.35 0.32
SNCD-800 — 0.11
SNCD-900 0.20 0.64
SNCD-1000 0.23 0.69

X AR K1) SNCD-Un # 5 5 WL AL 22 Al 16 v
B 4F 1) SNCD-900 F A7 1 8 ZR RO M, DA
L R KT JE L A R RE I 25 5, RNk 2
. N 20, FEME FEAR, BEE 28
RURL S, HUBHARAR/D, HLAE 900 °C IR K5, wiERY
R Y E N I R A

H T iR A NCD B
(7] 1R TR BE T Rt A8 A8 A 6T i A2 PR R AR 52
M T iZ R HIER AT WO Raman D63, [#] 4(a)
AT} KR AR PR ) SNCD # K i) Raman Y6
ik K H Gaussiandbl A5 #h 2k B . 1% R 91 1150 01 7
1140, 1233, 1334, 1345, 1478 Fil 1586 cm ' &b 4
6 /NI, Sy LR A 9K 4 WA Y Raman H#AE

# 2 SNCD-Un il SNCD-900 F2 /R 358 A4,
Table 2.  Hall effects test results of samples SNCD-Un and SNCD-900.

FES AR HLBH 2 /Q-square ! BRAE/m2C! HFBE/cm>V s W TWRSE Jem™? AT
SNCD-Un 0.319 2.26 14.2 2.76 x 10 n
SNCD-900 0.365 10.30 56.2 6.08 x 10 n
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Fig. 4. (a) The visible Raman map and its Gaussian fitting results and the evolution of, (b) I/ Ig value and the G peak positon,
(c) the diamond and TPA content and (d) the peak width of the diamond peak (FWHMp,) of SNCD film with different annealing

temperatures.
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BRI, FTy, FTy, FTy 43 5 3755 0 ] _E B AR 12 DI A fy B 22 48 )

Fig. 5. HRTEM image of (a) SNCD-Un, (b) SNCD-600, (c) SNCD-800, (d) SNCD-900 (the upper right corner of each picture, FT,,
represents the entire Fourier transform of the region; FT,, FT,, and FT; respectively represent the Fourier transform of the region

marked on the graph).
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SN FE R VAR R F A3, PR AR R A
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Fig. 6. C 1s peak spectrum of SNCD-600, SNCD-800 and
SNCD-900.
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900 F M A HAH . 235, ik Al
i) SNCD-900 HL# H C—O 5 Fl C=0 By &4y
Ik 20.97% 1 19.62%, o 5 ik 8.58%, 1T
& T SNCD-600 1 SNCD-800 I #£ 5 .45 &
Raman Y434, SNCD-900 #ifEH TPA &%
IRFEARG, T C—O . C=0 8 & G TH e, 3
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Table 3.  Contents of the bonds on the surface of SNCD-600, SNCD-800 and SNCD-900 calculated by C 1s spectral fitting.

FE iR sp*C/% sp*C/% C—0/% C=0/% m—7*/%
SNCD-600 56.53 25.78 7.55 7.80 2.33
SNCD-800 49.09 28.73 8.35 8.88 4.92
SNCD-900 20.37 30.47 20.97 19.62 8.58
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Abstract

Nanocrystalline diamond (NCD) films have a composite structure composed of diamond grains and
amorphous carbon grain boundaries. Compared with microcrystalline diamond (MCD) films, the NCD film
grain boundaries are rich in a large number of ® bonds, thus providing conductive channels. Its conductivity is
3—7 orders of magnitude higher than that of MCD, and the surface of NCD film is uniform and dense, and the
roughness is lower, so the NCD film is a promising electrode material. In our previous study, microwave plasma
chemical vapor deposition was successfully used to prepare n-type sulfur-doped diamond films with good
electrical properties. However, the electrochemical properties of sulfur-doped nanocrystalline diamond films have
not been studied till now. In the present work, the nanocrystalline diamond films are prepared by the hot-wire
chemical vapor deposition. The films are subjected to ion implantation and vacuum annealing. The effects of
annealing temperature on the microstructure and electrochemical properties of the films are investigated. The
results show that the sulfur ion implantation is beneficial to the improvement of the electrochemical
reversibility of the film. When annealed at 800 °C and below, the amorphous carbon phase at the grain
boundary in the film gradually changes into the trans-acetylene phase, resulting in a gradual deterioration of
electrochemical performance. When the annealing temperature rises to 900 °C, Raman spectrum and TEM
results show that the film has more diamond phase content and better lattice quality, and the trans-
polyacetylene in the grain boundary is cracked; XPS results indicate that the CO bond at this time, C=0O
bond, and w—m* content increase significantly; Hall test shows that the film mobility and carrier concentration
are significantly higher than those of unannealed film. The redox peak in the electrolyte is highly symmetrical,
the peak potential difference is reduced to 0.20 V, the electrochemical active area is increased to 0.64 mC/cm?
and the electrochemical reversibility is much better thanthose of samples annealed at 600 °C, 700 °C, and 800 °C,

respectively.
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