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Abstract

A 2 pm thick CeN film was prepared on a single-crystal silicon substrate using direct current

magnetron sputtering, and the oxidation behavior of CeN in ambient air was investigated. Given the susceptibility of

CeN to react with oxygen in the atmosphere, leading to degradation and decomposition, various thicknesses of Ti or

Cr anti-oxidation coatings were deposited on CeN to enhance its oxidation resistance. The results revealed that

Ti/CeN composite films were damaged and detached when exposed to ambient air for a short time. In contrast, a

2.4 um Cr film covered on 2 um CeN film can effectively extend the storage time of CeN in ambient air. Finally, the

oxidation mechanism of the CeN and anti-oxidation layer composite films were discussed.

Keywords

Magnetron sputtering, Cerium nitride, Antioxidant coating

BE R BRI AR AR IE 64 T 2 pm J2 A9 AL (CeND)HERE, JFAITTE T CeN £E RIS A9 AT A
YT CeN FERTINF 45 5 5 58 RN 25 A6 53 A iX — [l R, 7 CeN _EPTAR T[] J5E B2 A Bk (T B (Cr) B S L is 2 LU
r AT AAPERE . SR A5 SRR, Ti/CeN &5 i IRAE I PRIE Hh 7 S B Sl I ) PN st 23 2 B J 75 2.4 um Cr/2 pm CeN & 53
JEEAT LAAT RO AE R CeN R RIS H BAF T L. fe i, 4R35 T CeN S H4ML)Z = A WA S AL L RE

XEIR MRS Afkd iEARE
FhE 4y 25 TB383 TERARIRAD: A

A AE DR R T8 17 e RO R s T A D 2 B
At HRA RN R —" . fEHIT T — U
o7 HE AR, AR Bl CUND H T A IR ik ™
BRI EdE Y LR S R
2RI AE AL )2 R AR R A R SR, 14
HFBCR R 52 G SR, R A UN 7RI
ZJ7 W EA WS, B i T HBEA —E s e
TR E™, A 520 5 AT UN SR A7 18— 1
LA, IF H AR R . T BRI A A Ik
USRI P IWNIAR 2 S At hi - Y VT T A AT D
TR LEBEMET S UN AR AR A TR R,
DARBAR A | 4 i3 2 2, 30K Tl RE X BE RO 11
AT RREE R SR

s B H#3: 2023-12-04

BEE&WR: U4 ARBEIEETH (23NSFTD0044) 5 HI B ZE4CWiH

* Bt 2 A : E-mail: hyclh@yeah.net

doi: 10.13922/j.cnki.cjvst.202312002

H T £ ou R4 (Ce) MM i T245 M 540 (U)
AL, Ce BN 2481 U B9 &y BRLAR B9 41 KL 2
B Ye A0 1k, ENANE R T K EHIH Ce f5
LU By HH EFSE . Stennett"® F ] CeO, 108 — &
L4 (UO,), #E1T UO, Mk iy 355 (e d T A oT; B i
PR B S BRT T R 4 IR Ce ARAIRRCHT R OT R
U AT, riril A &8 Ce 5 U AL FE4H
I, B4 )8 Ce 5 U MEY 8O AR, H =35 A 3
A% A [F] ) 2 181 48 1K 2 45 #4; Logan Joyee 25" I
CeN B4l T UN A9Be4s, FilH —Fh b s #4 2 et
KRR DT CeN Feghd g &E 1k, H & r
CeN ERAISU# J m HE5H 5], 25 ik, BEA K
HWFFTIEN Ce 7T LA R EAC U ST B4 5E -


https://doi.org/10.13922/j.cnki.cjvst.202312002
mailto:hyclh@yeah.net

530 H = B

ST 5 I NI S o5 44 5

5 IE[E R, CeN B PE R AE £ 45 T #k 5 UN %
I RAF B AR o X BE AR AL FE A S (UN
2757°C , CeN 2y 2480°C"™) . # % ik % % (UN &y
7.481x10° K', CeN Jy 30x10° K ') | Fe i & fk it
T2 LR SRR 2 25 R0 45 CeN 2 TR0 UN A
LA e A4 R (R, BT CeN By fb 2k ik &
TG, XX CeN BYBIFFE A FHAR TS BT BB R B FRIME .
G BF ST T AE CeN 76 RS T AT R,
KB CeN i JIE 5 480 A 42 ik J J 1) i) P9 58 2 493 AL G
%o RAED X Ce B R MVEAT T RALAE LA
ERE Ce MPLE MERE, BRI CeN A BHF K )
Ak, Borte E LA BRI A R 2 T T — 2 DR
PrA L2 B ALK (TIN), 15 200 &2 AW A 5 R AT
PRI ERE . R T {23 CeN B4l UN AYHF T, F
FH I 2 Bt A8 AR 2 9 7 1 R B CeN v IR 1Y 4804k
JE e[ R, DA 5 AR R BT R 1k
BR(Ti) FNEE (Cr) B T HAL S (4 5T, 451 4n e AL
R BE L ) BRR E E TE R Ak A T R
FR) TR J ok ) R PR G A AR S, R A R 2
023 e R AN 22 Tl i b AR Bk sl vk 2 1
BB RRIET ARSI ST R A T S AR
il 28 CeN TEASE, I 1| FH #4556 FL 3R 1hT 4% Cr

variable substrate
to target distance

pressure

pressure

W
gauge § %
" “sample stage

view port

M Ti G BPUEMIER, HFTE X LERIZXS CeN HRHT
AR BIRENA . SRTHITAAALIRZ X CeN AL fL
PO BRI o 8 X AT, A8 CeN
BAU UN B9 A AR S A M E I 2%

1 KIERS

T ARAS R TR Y CeN IR AN Ti/Cr HL4ELZ,
KT — B A U I R e, s 1
Ne BN E A FEEAARETE 5%10 °Pa LI, il A
AR 21 (99.999% ) Fl 8 41 0 /<.(99.999% ) , K F L.
L8 D 5T AE 20 iR (SO A IR | i 45 CeN. 7E
CeN kT SE 2 Ja, AT H B Z WL T, dkEE
7£ CeN BT Ti/Cr i, RN &S EOLE 1,

2 GRS

2.1 CeN HEMHISF

FEA RN 5 D 3R 2544 F i 45 19 CeN K XRD
T E A 2 Frs, BT AR YT 2R KA 10 min N
¢ M . 4 XRD Ei% 5 CeN (45 i PDF R v
(PDF#89-5220) 1 CeO, 5 i PDF K & (PDF#43-
1002) #F 17 bb 48 A B0 i 2 38 JL 50 W F] 200 W,
XRD &3 #ALAETE 28.50— N, 28.5°4b fity s Xof 17

rotatable
manipulator

Tensssens,
.

P s R D R R
Fig. 1 Schematic diagram of magnetron sputtering
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Tab. 1 Preparation parameters

S SEAF THE I JEL B /pum TS TR /W WA E/ (mL/min ) A E/ (mL/min ) TAESR %P $FEHH/em
CeN Ce 2 200 2 0.35 12

Ti Ti 0.02/0.2/0.6/1.2/2.4 150 / 0.3 12

Cr Cr 0.02/0.2/0.6/1.2/2.4 150 / 0.3 12
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Fig.2 XRD patterns of CeN films prepared under different
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Fig. 3 XRD and AFM images of Ti thin films. (a) XRD pattern of Ti thin films prepared at power levels of 50 W, 150 W and 250 W,
(b) surface roughness and thickness variation curves of Ti thin films prepared at power levels of 50 W, 150 W and 250 W. (c¢)
(d), (e) (f) and (g) (h) correspond to the surface and 3D AFM images of Ti thin films prepared at 50 W, 150 W and 250 W

power, respectively
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Fig. 4 Optical microscopy and macroscopic images of Ti/CeN

composite thin films. (a) and (b) show the images of 20
nm Ti/CeN composite thin film taken under an optical
microscope for 1 minute, (c) (d) (e) (f) 200 nm Ti/CeN,
600 nm Ti/CeN, 1.2 pm Ti/CeN and 2.4 pm Optical mi-
croscope images and macroscopic images of Ti/CeN
composite films exposed to atmospheric environment for

30 minutes
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Fig. 5 XRD and AFM images of Cr thin films. (a) shows the XRD patterns of Cr films prepared at 50 W, 150 W and 250 W power,
(b) the surface roughness and thickness change curves of Cr films were prepared at 50 W, 150 W and 250 W power, (c) (d), (e)
() and (g) (h) are surface and 3D AFM images of Cr films prepared at 50 W, 150 W and 250 W power, respectively
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Fig. 6 XRD pattern of Cr/CeN composite thin films. (a) XRD

patterns of Cr/CeN composite films prepared with dif-

ferent thicknesses. (b) local scaling XRD patterns of

Cr/CeN composite films prepared with different thick-

nesses
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Fig. 7 Optical microscopy and macroscopic images of Cr/CeN

composite thin films (a) , (b) , (c) and (d) are optical mi-

croscope images and macro images of 20 nm, 100 nm,

600 nm, 1.2 um Cr/2 um CeN composite films exposed

to the atmosphere for 30 minutes, respectively, (e) opti-

cal microscope images and macroscopic images of

2.4 um Cr/2 pm CeN composite films exposed to atmo-

sphere for 12 hours
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Fig. 8 SEM image of Cr/CeN composite films. (a) Surface

morphology of 2.4 um Cr/2 um CeN composite film,

(b) the surface morphology of Cr deposited on Si sub-

strate, (c), (d) surface and cross section morphology of

2.4 pm Cr/2 um CeN after exposure to atmospheric en-

vironment for 12 hours
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Fig. 9 Schematic diagram of oxidation mechanism of CeN composite film (a) (b) and (c) represent the changes that occur in the thin

film as the contact time with oxygen increases
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