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A B S T R A C T

Fluorocarbon films were deposited on nickel–titanium (NiTi) alloy substrate by radio-frequency (RF,

13.56 MHz) magnetron sputtering using a polytetrafluoroethylene (PTFE) target. The deposition

parameters of fluorocarbon films including the RF power, the working gas pressure and Ar flow rate were

systematically studied. The structure of the deposited films was studied by attenuated total reflection

Fourier transform infrared spectroscopy (ATR-FTIR) and X-ray photoelectron spectroscopy (XPS). The

surface morphology of the deposited films was measured by atomic force microscopy (AFM). The

mechanical properties of the deposited films were characterized by a nanoindenter. C–Fx and C–C units

were found in the deposited fluorocarbon films, which corresponded to the results of XPS. The surface

roughness of the fluorocarbon film was 7.418 nm (Ra).
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1. Introduction

NiTi shape memory alloys (SMAs) are widely used in biomedical
fields because of their unique characteristics such as super-
elasticity and shape memory effect. However, Ni ions released to
saliva and body would induce toxic, allergic and carcinogenic
response [1] and the surface of NiTi alloys possesses high friction,
so it is necessary to improve the surface properties. Fluorocarbon
films find extremely diverse applications because of their favorable
electrical, chemical and surface properties. They are currently
being evaluated, among various applications, as dielectric inter-
connects in microelectronic circuits, as passivation coatings in
clinical devices, as corrosion resistant barriers, as gas permeation
membranes, and as low energy surfaces [2]. RF magnetron
sputtering has been widely applied to the surface modification
of polymer materials [3] in the last decades. But most researchers
used silicon and glass as substrate. NiTi alloys as substrate have
been seldom reported. In our study, we used PTFE as the target,
while the fluorocarbon films were prepared on NiTi alloys
substrate by RF magnetron sputtering.

2. Experiments

The NiTi substrates were cut to 12 mm � 12 mm � 1 mm from
a sheet of Ni49.2Ti50.8 (at.%) alloys. For all substrates, 12 mm �
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12 mm surface was successively polished down to 2000 grit
specification and mirror polished with polishing machine, then
cleaned ultrasonically in acetone, methanol for 30 min, respec-
tively, prior to being held on the cathode. A PTFE target was 4.0-
mm thick and was bonded to the anode. Both electrodes were
cooled using tap water. The distance between the substrates
and the PTFE target was 85 mm and base pressure was 6.0 �
10�4 Pa.

The structure of the films was checked by using FTIR spectro-
meter (PerkinElmer 2000). The surface elemental composition and
chemical group of fluorocarbon films were measured by X-ray
photoelectron spectroscopy (XPS) with an Axis Ultra instrument
from Kratos. The morphological characteristics of the deposited
films were observed by means of an AJ-IIIa atomic force
microscopy (AFM, Shanghai AiJian Co., China). The mechanical
properties of the deposited films were characterized by a
nanoindenter (Triboindenter, Hystron Inc., USA).

3. Results and discussion

3.1. ATR-FTIR results

Fig. 1(a) shows the IR absorption peaks observed at 1146 and
1202 cm�1corresponding to CF2 symmetric and asymmetric
stretches, which were the characteristic of stoichiometric PTFE.
From Fig. 1(b) the strong peak at about 1220 cm�1corresponding to
CF, CF2 and CF3 groups (overlap of CFx stretching vibrations, x = 1,
2, 3). And the peaks also appeared at about 980, 732 cm�1corre-
1corresponding to CF3 and amorphous PTFE [4]. At the power of
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Fig. 1. (a) ATR-FTIR spectra of PTFE target; (b) ATR-FTIR spectra of RF sputtered PTFE

film at a constant deposition time of 55 min at RF power of 80, 90, 100 and 110 W.

Table 1
The proportion of C–C, –CF, –(CF–CF)n–, –CF2, –CF3 groups and F/C ratio in C1s

spectroscopy of fluorocarbon film prepared at RF power 100 W, Ar flux 7.0 sccm and

deposition pressure 3.5 Pa

RF power (W) 100

Ar flux (sccm) 7.0

Deposition pressure (Pa) 3.5

C–C (%) 27.29

–CF (%) 38.61

–(CF–CF)n– (%) 24.33

–CF2 (%) 6.92

–CF3 (%) 2.85

F/C ratio 0.17
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80 W, the peak observed at 1720 cm�1 corresponds to C = CF2
stretch which might due to that the CF2 groups transformed into
across-linked and complex structures in the process of simulta-
neous etching and deposition.
Fig. 2. (a) XPS survey spectrum of fluorocarbon films on NiTi alloys substrate under

RF power 100 W and Ar flux 7.0 sccm; (b) XPS C1s spectra of fluorocarbon film

corresponding with (a).
3.2. XPS results

Fig. 2(a) shows the typical XPS survey spectrum of fluorocarbon
films, with elements C, N, O and F being detected. The peaks
intensity of N1s and O1s were quite weak, which may be from
impurities of PTFE target. In Fig. 2(b) the extending C1s spectra was
deconvoluted into five peaks corresponding to C–C, –CF, –(CF–
CF)n–, –CF2 and –CF3 bonding [5], which were in agreement with
the FTIR results. The content of each group and F/C ratio were
calculated in Table 1.

3.3. AFM results

The AFM image of sputtered fluorocarbon film prepared at the
RF power 105 W, working pressure 0.8 Pa and Ar flux 6.0 sccm, was
given in Fig. 3. It was showed that the growth of fluorocarbon film
exhibited columnar structure, as illustrated in Fig. 3(a). The surface
roughness of the homogenous fluorocarbon film was 7.418 nm
(Ra), as indicated in Fig. 3(b).
Fig. 3. Surface morphology of fluorocarbon film prepared at RF power 105 W, Ar flux

6.0 sccm, deposition pressure 0.8 Pa.



Fig. 5. Impress morphological image produced by nanoindentation test.

Fig. 4. Nanoindentation test results: (a) hardness–displacement curve; (b) elastic

modulus–displacement curve for fluorocarbon film at Ar flux 6.0 sccm and working

pressure 0.8 Pa, at RF power 85, 95, 105 W, respectively.
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3.4. Nanoindentation results

The results of nanoindentation measurements were displayed
in Fig. 4. The trend of hardness and modulus of fluorocarbon films
increased with the indent depth, which should be due to the
substrate of NiTi alloy. At RF power 85 W the fluorocarbon film
possessed the higher elastic modulus and hardness than others
fluorocarbon films. In Fig. 5 it was found that the surface of
fluorocarbon film appeared pile-up phenomenon. The fluorocar-
bon film should possess intensive plastic deformation.
4. Conclusion

The FTIR and XPS spectroscopic characterizations revealed that
it was feasible to prepare fluorocarbon films on NiTi alloys
substrate by RF magnetron sputtering PTFE. The FTIR and XPS
results also showed that the presence of C–C, –CF, –(CF–CF)n–, –
CF2, –CF3 groups, etc. in the fluorocarbon films. The chemical
structure of the fluorocarbon films changed with the deposition
power and Ar flux. From AFM image the fluorocarbon film was
homogenous. The trend of hardness and modulus of fluorocarbon
films increased with the indent depth, and the surface of
fluorocarbon film appeared pile-up phenomenon produced by
nanoindentation test.

The fluorocarbon films possessed the cross-link carbon network
and exhibited relatively smooth surface morphology. The results
gave us a good idea to achieve low friction coefficient surface and
improve the corrosion resistance of NiTi alloys. As a result, the
innovative technique for deposited fluorocarbon films on NiTi alloy
could serve as a powerful method for future application.
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