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Electrical stability and degradation mechanism of
CrSi(Ni, Al) resistive films in alkaline aqueous environments
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Abstract: Influence of solution concentration and temperature of the medium on electrical properties stability and
degradation mechanism of magnetron sputtered Cr-Si-Ni and Cr-Si-Ni-Al resistive films were investigated in simulated
alkaline environments. The results reveal that the nanocrystalline Cr-Si-Ni and Cr-Si-Ni-Al films in lower temperature
and solution concentration of alkaline solutions have better electrical properties stability and corrosion properties.
However, with increasing solution concentration and temperature of the medium solutions, the electrical properties
stability and corrosion properties of the two types of films are decreased steeply. Especially, the degradation of the films
can be observed in very short time in higher temperature and solution concentration of the alkaline solutions. The surface
of the two types of films can form a dense and stable passive protective layer in lower temperature and solution
concentration of alkaline solutions, and that the formed passive layer exhibits a good corrosion inhibition effects.
Nevertheless, in higher temperature or solution concentration of the alkaline solutions, the formation of stable passive
layer is very difficulty.
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Table 1 Preparation of processing parameters of Cr-Si-Ni and Cr-Si-Ni-Al films

Base Work DC
pressure/ power/

Argon
pressure/

Size of
flow rate/ target

Thin film
thickness/

Size of Pro-sputtering  Deposition

substrate time/ time/min
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mPa Pa W (mL-min") min nm
380 mm X
d3.5 mmX
2.7 0.51 700 38 127 mm X mm 15 75 150
10 mm

10 mm
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Table 2 Electrical resistance and TCR of Cr-Si-Ni and
Cr-Si-Ni-Al films

Sample RIQ T,(ER/,I
(10°K™)
As-deposited 180-210 —337—296
Cr-Si-Ni film
Annealed in Ar  390—410 —1—48
Cr-Si-Ni-Al As-deposited 170-200 —465—436
film Annealed in Ar 480500 -26—39
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Fig.1 Variation of AR/R for Cr-Si-Ni films with immersion

time in alkaline aqueous environment
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Fig.2 Variation of AR/R for Cr-Si-Ni-Al films with immersion

time in alkaline aqueous environment
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Fig.3 Potentiodynamic polarization curves of Cr-Si-Ni and

Cr-Si-Ni-Al films in 0.1 mol/L NaOH solution at 25 C
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Fig.4 Auger depth profiles of Cr-Si-Ni(a) and Cr-Si-Ni-Al(b)
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films after polarization in 0.1 mol/L NaOH solution at 25 C
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Fig.5 SEM morphologies of Cr-Si-Ni and Cr-Si-Ni-Al films
after immersion in 0.1 mol/L NaOH at 50 'C for 120 h:
(a) Cr-Si-Ni film; (b) Cr-Si-Ni-Al film
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Fig.6 SEM morphologies of Cr-Si-Ni-Al films after
immersion in 1.0 mol/L NaOH: (a) Immersion at 25 C for

120 h; (b) Immersion at 50 ‘C for 120 h

Geo ISR It LU 98 I 0t b AR VR B R g 2
{1 J5E AT FHAE R 8 P A 0 S i JEs ek e PR 2=
S5, LMD NaOH ¥ ¥ FH 5 X v v BELJZS 0 168 ke
B e I P P 22 T RN S P e

1) MM G B G0K S S5 1 Cr-Si-Ni Al
Cr-Si-Ni- Al B A AR A R B2 PRIl 1 v LA et
(1) P 2 R PRI JOF M i, (RS B A i R Ak P R,
JEE P 338 G v 2 T R B e e SR R B, i
ST Fenl AR S (AR Y AR TR B AR L N ] P A
MAYERES IS

2) TE AR B AR v S Cr-Si-Ni-Al i
F14) P 2 A PR RS 3 ol BB T Cr-Si-Nii I

3) 2 Fofr e ML AR AT TR FEE PR B YA T i 8 Ak
b 2 22 T T RS B G 2, T ot
TR 2 T N 2 2D TRl 5 3% s
YL P R B PR v 2 s Al A I PR v e, A iR o
R T PRI B VA 00 RS 3K T e AT BB TR B R
2.

REFERENCES

[1] Lane M W, Liu X H, Shaw T M. Environmental effects on
cracking and delamination of dielectric films[J]. IEEE
Transactions on Device and Materials Reliability, 2004, 4(2):
142-147.

[2] Lane M W, Snodgrass J M, Dauskardt R H. Environmental
effects on interfacial adhesion[J]. Microelectronic Reliability,
2001, 41: 1615-1624.

[3] de Rosa L, Perugini N, Mitton D B, Monetta T, Bellucci F,
Springer J. Degradation of zinc oxide thin films in aqueous
environment: part | —Bare films[J]. Materials and Corrosion,
2001, 52: 844—852.

[4]  Briickner W, Griepmann H, Schreiber H, Vinzelberg H, Heinrich A.
Degradation of CrSi(W)-O resistive films[J]. Thin Solid Films,
1992, 214: 84-91.

[5] Briickner W, Griepmann H, Monch J I, Schubert G, Heinrich A.
High temperature stability of CrSi(W)-N films[J]. Thin Solid
Films, 1992, 221: 140—-146.

[6] WuF, McLaurin A W, Henson K E, Managhan D G, Thomasson
S L. The effect of the process on the electrical and
microstructure characteristics of the CrSi thin resistor films: part
I [J]. Thin Solid Films, 1998, 332: 418—422.

[7] Jhabvala M, Babu R S, Monrov C, Freund M M, Dowell C D.
Development of low-noise high value chromium silicide
resistors for cryogenic detector applications[J]. Cryogenics, 2002,
42:517-526.

[8] Cho Nam-Ihn, Kim Min-Chul. Preparation of Cr-Si multilayer
structures for thin film heater applications[J]. Thin Solid Films,
2005, 475: 235-238.

[9] GKEH. CrSi(Ni, ADEEALYIHIRBOTES 1 15 TE R AR e HERIT ST
[D]. k¥ Fi#AgIE K2, 2006.

ZHANG Yu-qin. Study on microstructure and property stability
of CrSi(Ni,Al) silicide thin films[D]. Shanghai: Shanghai Jiao
Tong University, 2006.

[10] ZHANG Yu-qin, DONG Xian-ping, WU Jian-sheng.
Microstructure and electrical characteristics of Cr-Si-Ni films
deposited on glass and Si(100) substrates by RF magnetron
sputtering[J]. Mater Sci Eng B, 2004, 113: 154-160.

[11] JkEM, HRV, @A (Cr-Si-Ni)/Si HBEHALLUR d kL



ERVES R E

RS, W BRMERBEAEE T CrSi(Ni, ALy PH MEIRE ) F 2 R e 5 LB

1247

[12]

[13]

R[J]. P EA G4 EIR, 2005, 15(5): 746-750.
ZHANG Yu-qin, DONG Xian-ping, WU Jian-sheng.
Microstructure and electrical resistivity of Cr-Si-Ni films
deposited on Si substrates[J]. The Chinese Journal of Nonferrous
Metals, 2005, 15(5): 746—750.

Pardo A, Otero E, Merino M C, Lopez M D, Vazquez M, Agudo
P. The influence of Cr addition on the corrosion resistance of
Fes581135BoNb;Cu;  metallic  glass in SO, contaminated
environments[J]. Corrosion Science, 2001, 43: 689—705.

Pardo A, Otero E, Merino M C, Lopez M D, Vazquez M, Agudo
P. The influence of Cr addition on the corrosion resistance of
Fe73581135sBoyNb;Cu; metallic glass in marine environments[J].
Corrosion Science, 2002, 44: 1193—1211.

BEH, & B FARS. Fe-20Cr WA AKIRZ R h it
ERERERTIEL]. o B nh SR B 244, 2003, 23(2): 84-88.

LI Xue-li, LI Ying, WANG Fu-hui. Study on the electrochemical
corrosion behavior of sputtered Fe-20Cr nanocrystalline
coating[J]. Journal of Chinese Society for Corrosion and

Protection, 2003, 23(2): 84—88.

[15]

[16]

OBy W, Efs, fEE. TIN WRZ A EMT N
WFFL(1): TiN iR RGP BE S R LB, b B i 5 By
P44, 2003, 23(2): 65-69.

LI Ying, QU Li, WANG Fu-hui, SHAO Zhong-bao. Study on
the electrochemical corrosion behavior of TiN coating in acid
and salt solution( I): The corrosion resistance and failure
mechanism of TiN coating in acid and salt solution[J]. Journal of
Chinese Society for Corrosion and Protection, 2003, 23(2):
65-69.

OB W, Eas, #EE. TIN WRZ A EMT
WFFUCID): ¥ ALK TiN SR 2 R g L LRI S ],
oF e 5 B9 2R, 2003, 23(3): 134-138.

LI Ying, QU Li, WANG Fu-hui, SHAO Zhong-bao. Study on
the electrochemical corrosion behavior of TiN coating in acid
and salt solution( 1 ): The effect of Al addition on the corrosion
resistance and failure mechanism of TiN coating in acid and salt
solution[J]. Journal of Chinese Society for Corrosion and

Protection, 2003, 23(3): 134—138.

(4mig FEED)



	Electrical stability and degradation mechanism of
	REFERENCES

