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Fig. 1. Schematic diagram of pulsed bias arc ion plat-

ing’s device.
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Table 1. Deposition parameters of Cr-O films deposited by arc ion plating.

ik i

FE i JUR/A  SJE/Pa  JUERETE]/min  HE/°C ASE/sccm
WE/V  HE/ % kb /kHz
a —0 20 40 90 0.6 40 200 80
b —100 20 40 90 0.6 40 200 80
c —200 20 40 90 0.6 40 200 80
d —300 20 40 90 0.6 40 200 80
e —400 20 40 90 0.6 40 200 80
f —500 20 40 90 0.6 40 200 80

H Zeiss Suprab5(VP) 3% & 47 B 1 i i+ &
BT (SEM) ML %2 34 115 2 1HI T 35 S ) s 3 1 52
FH D8 Focus B! X 4f £ fi7 4 I (GIXRD, Cu Ka,
6 = 0.5°) B EE N G 77 2l #F i XRD B 1 7
BT iR 4. AXIS ULTRAPLD B X S 286 s
T (XPS, Al Ka) Wl 5E B ot B 15 64T 5o
FriE KGR M. F Hysitron-950 24 42K
JE IR A 2 T AR . H OceanUSB-2000 24 45 4k
-] W53 A BE I I ) R A -] WRE Sk

W (LA H JGS1 LA B S LEFE dn), R
PR LR B I el AT LA, IR AR
JE I 2T B

PES Y EL RS

3.1 BEEENREMIR

Bl 28 ¢ 5 B i (T 9 —200 V) T8 B 7 A
Tl SEM . [l T AL V6 J65 ) i B AR S e 7 R
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Fig. 2. Cross section morphology of the film (c).
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Fig. 3. Surface morphologies of the films deposited at different bias voltages.
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Fig. 4. XRD patterns of Cr-O films deposited at dif-

ferent bias voltages.
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#2 KA XPSE R RS
Table 2. Composition of the films by XPS.

Ff 5 a b c d e f
O(at. %, 200 s) 52.69 51.80 53.17 52.22 56.45 53.75

Cr(at. %, 200 s) 47.31 48.20 46.83 47.78 43.55 46.25
O/Cr 111 107 1.14 109 130 1.16

Kl 5 J9%F b 5 AR5 Cr 2p B U6 3E 4T 20 169 &
Ja B8 B, wl 15 Cr 2p3/2 73 W6 45 & e N 574.18
eV, 575.81 eV, 577.31 eV, 580.95 eV, 43 5l Xt M
Cr AR ES: BIEJER Cr(Cr0) R &4 Cr?t,
Crit, O, X530k [10—12] IRIEHI Cr 2p3/2 A
F A A XS L 4h & BeAE — 8. B T Cr,
O W Fh 7t 2 H 8 5 XRD B BT 2 7 I A 45 44, 7T
B 54 Cr, CrO, CryOs5, CrO3 205, X
Eb b 5 4 i Cr 2p 1506 WA 15 1, b A i )
CroO3 & R, X5 XRD K A 15 28] b FE i H
A2 CroOs AHXT N fRE M H CraO3, CrOs, Cr & &
I, CrO & EAHX N, 1IX 5 XRD i B A £ 4 4
HEL A S A CrO A .

[ b-200s Cr 2p

I I 1 I I
595 590 585 580 575 570 565

5 Cr-O#fEb 5 f f) XPS Cr 2p W44 43
Fig. 5. XPS peak separation fitting spectra of Cr 2p
of Cr-O films (b, f).
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B AR kG L. Dl 7 e A R YR 5 A A0 B 1)
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80 nm /e A5 (A R AR A 9 HEHRASE 2. AR e D7 VR A
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6 (FITIRE) I8 Cr-O MBLRER: IR R0 RS 14

Fig. 6. (color online) Hardness-Displacement curve of

Cr-O films (c).

P 7 2 6 2L A ot I i s L 22 1 1 44 0K
R EIE], W LR T o s AR RE o B 2 AL AR DN 19.0
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i, BT R E OOk B T IREE 2 K I 3R 15 1 2 46 e
B TR A S G B A A A T B RS 3 5 BT
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T, i ARG T A RE R AR A T E A (N TR
XRD 45 R), 1 H AR m kA2, i DUAE A L
s T HA 2 R 25 1 B B A i s (R PR 45 214
FERUIIE, PRI RAG 0 AR i A 2 O HL o
el , Ham AR T AR AR KT
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0 100 200 300 400 500
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=
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Fig. 7. Hardness of the Cr-O films deposited at differ-

ent bias voltages.
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Fig. 8. UV-vis transmittance spectras of the Cr-O films

deposited at different bias voltages.
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a = A(hv — Ey)?, (1)
a=In(1/T)/d, (2)

A, ANFEG h o Planck # %, N-m-s; v AT
Wi, s™h By NG IR, eV, T BRIt
WECE, %; dNHEEERE, m. RIEKRA (1),
(2) 1 (a)V/2-hv B, W9 Frow, FHE LA L
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Fig. 9. (a)!/2-hv curves of the Cr-O films deposited

at different bias voltages.
3 Cr-O We 40 58 LR TS

Table 3. Calculation values of the optical band gap
for Cr-O films.

FE a b C d e F

Eg/eV 1.17  0.591 1.88 1.68 1.45 1.59

4 % #

1) SR kv s s FRLSICES TR, AN 5088 i
MR, 75 5 f R AT A S BB i v b ) 26 HY 6 413595
75 B 1) Cr-O WL, 55 2 7E 400 nm 75 45

2) Jite fin i 7 A8 Cr-O 18 IS 0 AR ot 122 B I 42
[ B e 98 IS A 5 40 e AE R S ) SR AR AR B AR, ELIE
5 i s T AL B 19 I, & R AR 1 Cro O3 AH 1) CrO
FEAG AR 3 R P Rl B 2 s s S 388 K S 980D, I AE
fli & —300 V INFIAF| R, 4 24.4 GPa.

3) Cr-O R E Nt Ry, B R &
DU A 3G K S 3 J5 P A, B B e Tk
72%; 2 A —200 VI, RO S B 5K,
N1.88 V.
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Abstract

A series of uniform and transparent Cr-O films were synthesized on the silicon and quartz glass substrates at different
bias voltages by pulsed bias arc ion plating. Effects of bias voltage on surface morphology, phase structure, composition,
chemical valence states, hardness and optical property of the films were investigated by field emission scanning electron
microscopy, grazing incident X-ray diffraction, X-ray photoelectron spectroscopy, nanoindentation and ultraviolet-visible
spectrophotometer, respectively. Results indicate that the bias voltage can improve the quality of the films significantly
and plays an important role in the film properties. Macroparticles and holes are observed on the surface of the films if
without application of bias voltage, while the films prepared with bias voltage are uniform and smooth. The crystalline
phase of the film is of amorphous structure if without bias voltage. While the bias voltage applies and increases from —100
V to —500 V, the Cr2O3 phase appears and changes into CrO phase. The crystal plane (104), (116) of the Cr2O3 phase
and (200) of the Cr phase are observed in the film at the bias voltage of —100 V. When the bias voltage is above —200 V,
the crystal planes (311) and (400) of the CrO phase can be observed. In order to further obtain the structure information,
a detailed XPS study is performed. Chromium in the films shows different valence states, namely metallic Cr, Cr?™,
Cr**and Cr®". Thereby, the main components of the polycrystalline films are CroO3 and CrO phases, meanwhile, and
the films also contain a small amount of CrOs and metal Cr phases. The films under different bias voltage show good
mechanical properties and the hardness of all the films is above 19 GPa. With the increase of bias voltage the hardness
first increases and then decreases, reaching a maximum value of 24.4 GPa at the bias voltage of —300 V. The films show
good optical transmittance and its highest value can be up to 72%. As the bias voltage rises, it is observed first the red
shift and then blue shift of the absorption edge. And the optical band gap reaches the maximum value of 1.88 eV when
the bias voltage is —200 V. Therefore, Cr-O functional films can be synthesized by pulsed bias arc ion plating and the

phase structure and properties can be effectively adjusted.

Keywords: Cr-O films, arc ion plating, phase structure, optical property
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