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Abstract

The hexavalent chromium used in chromium plating is so toxic that it is very hazardous to human body and possibly causes cancer ir
humans. Therefore, it is indispensable to develop an alternative deposition technique. Dependences of the deposition rate, the phases, |
hardness, the surface roughness and the corrosion-resistance,ae&pdsited on the high speed steel substrate by using a dual ion beam
sputtering system on the rf-power were investigated to see the feasibility of sputtering as an alternative technique for chromium plating. The
dual ion beam sputtering system used in this study was designed in such a way as the primary argon ion beam and the secondary nitrogen i
beam are injected toward the target and the substrate, respectively so that the chromium atoms at the chromium target surface may not nea
react with nitrogen atoms. The hardness and the surface roughness were measured by a micro-Vicker’'s hardness tester and an atomic fo
microscope (AFM), respectively. X-ray diffraction analyses were performed to identify phases in the films.

The deposition rate of CrNdepends more strongly upon the rf-power for argon ion beam than that for nitrogen ion beam. The hardness of
the CrN. film is highest when the volume percent of theRiphase in the film is highest. Amorphous films are obtained when the rf-power
for nitrogen ion beam is much higher than that for argon ion beam. The firNdeposited by using the sputtering technique under the
optimal condition provides corrosion-resistance comparable to that of the electroplated chromium.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction resistance in the field of automobile, electronic mechanical,

chemical, paper, medical instrument industries since it was

The chromium (Cr) plating technique has been widely firstcommercialized in 1920. The hexavalent chromium used
used for decoration, corrosion-resistance, and wear-in chromium plating is so toxic that it is very hazardous to

human body and possibly causes cancer in humans. A direc-
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sold since 2006. Therefore, itis urgently needed to develop an

alternative technique with performance and cost competitive A g

to the chromium plating technique. Many alternative deposi- - ),

tion techniques including spr&y], ion plating[2], sputtering & y S

[3], ion implantation4] and trivalent chromium platinfp] 7

have been investigated for last several years. However, none Electro

of the alternative techniques seems to be satisfactory from gﬁz‘ ' N
€

viewpoints of performance and cost. Among the physical
vapor deposition (PVD) techniques spray techniques such as
thermal spray and plasma spray have been most widely inves- Fig. 1. A schematic illustration of the dual ion beam sputtering system.
tigated. Spray techniques are attractive since their deposition
rates and process costs are high enough to compete with th@f the substrate before film deposition was measured to be
electroplating technique. However, they are difficult to be 820Hv and 5.7 nm, respectively.
used for depositing films on the surface of an objective with  CrN, films with an approximate thickness of.3n were
a complex geometry, for instance, the inside of a cylinder- deposited by sputtering a Cr target in a dual ion beam sput-
shaped objective, because of its extremely narrow range oftering system. A schematic of the dual ion beam sputtering
vision [6]. In comparison with the spray techniques, sputter- system used in this study is shownfig. 1 It was designed
ing techniques offer much better step coverage, if only the in such a way as the primary argon ion beam and the sec-
specimen holder is designed to be rotated and tilted. ondary nitrogen ion beam are injected toward the target and
In fact the sputtering techniques have not been widely the substrate, respectively so that the Cr atoms at the Cr tar-
investigated as an alternative technique for electroplatedget surface may not nearly react with nitrogen atoms. The
chromium maybe because of their relatively low deposition distance between the target and the substrate was 10 cm. The
rates compared with spray techniques, and thereby relativelyrf-power for the primary and the secondary ion beam guns
high process costs particularly in reactive sputtering. The sur-were varied in the range of 300-900 W. The nitrogen gas flow
face of a sputter target is often nitrified or oxidized during rate was varied in the range of 10-60 sccm. The substrate was
reactive sputtering in an atmosphere of nitrogen or oxygen, heated to 200C and then kept constant at 200 by using
which is a main cause of reducing the deposition rate. There-a heating element of SiC. Alternatively room temperature
fore, it is very important to separate the target and a substratewas also used as a substrate temperature by using the cooling
so that the reactive gas such as nitrogen and oxygen cannosystem since the substrate temperature due to the generation
get close to the targg¥]. Several techniques developed for of plasma in the chamber was as high as 200-800The
this purpose have been reported. These approaches includehamber pressure was kept at 50 mTorr by using the throttle
dual ion beam systenfi8], sequential deposition and reaction valve near the inlet of the turbomolecular pump. The base
[9], baffled magnetrofil0], chemical cleaning of the target ~ vacuum was X 10~ Torr and argon and nitrogen gas flow
[11], and activation method42]. rates were 20 and 15 sccm, respectively, during deposition.
In this communication we report the deposition rate, the ~ Scanning electron microscopy (SEM) and atomic force
phases and the corrosion-resistance and the hardness of CrNmicroscopy (AFM) were used to measure the microstruc-
deposited by using a dual ion beam sputtering system ontures and the surface roughnesses of the,Gils. X-ray
the high speed steel substrate. This investigation was per-diffraction (XRD) analyses were performed to determine the
formed to see the feasibility of sputtering as a technique degree of preferred orientation and to identify phases in the
alternative to chromium plating. CfNvas chosen as a hard  CrNy films. The incident angle of the X-ray beam was®1.5
coating material to replace Cr in this study since it has and Cu kx characteristic X-ray was used in the XRD anal-
much higher hardness than Cr as well as almost the sameyses. A micro-Vicker’s hardness tester was used to measure
corrosion-resistance as Cr. Criin films have awide range  the hardnesses of the CrRilms. The hardness was measured
of applications as protective coatings for cutting tools, die by indenting for 20 s under the load of 1gf. Also acceler-
molds, and machine components owing to the merits suchated atmospheric corrosion tests were conducted in a salt
as high oxidation-resistance, high corrosion-resistance, highspray cabinet (ASTM B 117-73) to investigate the corrosion-
chemical stability, and low residual strg§48—15} resistance of the CrNcoatings. A 5% NacCl solution with a
PH of 7.0 was used for atomization and the temperature of the
spray cabinet was controlled to maintain 35+ 1.1-4r7°C
2. Experimental within the exposure zone of the closed cabinet.

A high speed steel which is used for making automobile
parts and machine parts was used as a substrate materidl. Results and discussion
for CrN, deposition. A flat high speed steel plate was cut
into many small rectangular-shaped pieces with the size of Deposition rate is one of the most important factors in
2cmx 2cm. The hardness and the rms-surface roughnessdeveloping a physical vapor deposition (PVD) technique
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