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Abstract

Chromium (Ci) films were deposited on plain carbon steel sheets by DC and RF magnetron

sputtering as well as by electroplating. Effects of DC or RF sputtering power on the deposition rate and
properties such as, hardness, surface roughness and corrosion-resistance of the Cr films were investigated. X-
ray diffraction (XRD), atomic force microscopy (AFM), scanning electron microcopy (SEM) analyses were
performed to investigate the crystal structure, surface roughness, thickness of the Cr films. Salt fog tests were
used to evaluate the corrosion resistance of the samples. The deposition rate, hardness, and surface roughness
of the Cr film deposited by either DC or RF sputtering increase with the increase of sputtering power but the
adhesion strength is nearly independent of the sputtering power. The deposition rate, hardness, and adhesion
strength of the Cr film deposited by DC sputtering are higher than those of the Cr film deposited by RF
sputtering, but RF sputtering offers smwother surface and higher corrosion-resistance. The sputter-deposited
Cr film is harder and has a snmwother surface than the electroplated one. The sputter-deposited Cr film also
has higher corrosion-resistance than the electroplated one, which may be attributed to the smwother surface

of the sputter-deposited film.
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Fig. 1. Variation of the deposition rate of the Cr film with the
sputtering power for RF and DC sputtering at a constant
pressure and a constant substrate temperature.
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Fig. 2. Variation of the adhesion strength of the Cr film with
the sputtering power for RF and DC sputtering at a constant
pressure and a constant substrate temperature.

o

g
rr
ofX
oL
morlil
po
o
=
=
5
N

e ARl L 73T SHEEE 34
& 7 AEE sl 2 Cr guke] FAVL QoA =
= 2d88ick 22 Cr vk A HElE 13 um ol
A 1.7 gme)t}. Paturaud? 5¢] Haro] wpEw Cr vt
o] Bree o] SALm viElskal S JF
< 7AE 7P 88 NS E 298 do|th
Fig. 2& DC 2#E[Hol oJall F2¢ Cr o] RF &
HeFel| <s] S o 2Zrh 450 B 238 Bo
£tk 94 RF % DC 2=H B> s F24€ Cr vbet
o] A A7lewd O deunh o g3 242 vy
2ol Aud = v} 2uE Ry S S vt
uhe 7 mdERe] o Anch AYHErt IR Aok w
24 HARs t29] Hall-Petch 2|2 2HE] &8 4 9l
Fol AN o] B AEE AL Uk

H= H0+ Kd-%

H, Ho, d, K& 27 A%, 44 3§ A=, 434
Tolal Ko el &

Cr uteholl A HA] Ar 7h2=e] Aoz dRd 4 9l
th Cr 2ol 0-1at% A% =9 Ar 7kt 5915
o= FE5-gEo] WAl wiiol AxE FEA S
uheke] Are] S F Aolrh Ar o] o] 23EH
o] ARE-E]7] wiitol] e[l sl S&E Cr o]
A7 =Fol 23k crgti A5rt o Eo)

WY Fo] 29EE g9jo} Wrsd S vk
Aol w2 Cr vheke] B9 A7) gre] ¥M3kE Fig
39 veRHSle™ RF 29E|H 3 A7|eaie

=2
O

Electroplating Voltage (V)
4.5 4.6 4.7 4.8 4.9 5.0

55 L 1 L 1L 1
g 257
2 Electro\ilatingﬂ
%20
2 o A
= -
2 154 -7
2 oell -
o N
Ul) 10' ’_,——‘”A// ./.
z T Y
5 RF[]

100 150 200 250 300 350
Sputtering Power (W)
Fig. 3. Variation of the RMS-surface roughness of the Cr film

with the sputtering power for RF and DC sputtering at a
constant pressure and a constant substrate temperature.
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Fig. 4. The AFM images of (a) the Cr films deposited by RF magnetron sputtering at different RF powers and (b) the electroplated
Cr films deposited at different applied voltages.
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Fig. 5. The XRD spectra for the Cr films deposited by ~ ==Holl g Cr 9#te] T SEM ARIE viepdth.
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Fig. 6. The optical plan-view micrographs of the Cr films after the salt-spray test for 7 hrs. (a) an electroplated Cr film, (b) a
Cr film deposited by DC sputtering and (c) a Cr film deposited by RF sputtering
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Fig. 7. The cross-sectional view scanning electron

micrographs of (a) sputter-deposited and (b) electroplated Cr
films on plain carbon steel sheets.
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