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Table 1 EPMA results of the as-deposited films

No. Ratio of No/Ar Cu/at% Ti/at% N/at% Sample
0 100 0 0 Cu
1 1/15 94.5 0 55 CugssNs 5
1/10 92.4 0 7.6 Cug2.4N76
1/5 87.5 0 12.5 Cug75N125
0 97.4 2.6 0 Cug7.4Tiz2e
2 1/15 96.2 0.4 3.4 Cugs 2Tip.aN3 4
1/10 91.1 0.3 8.6 Cug11Tio3sNs e
1/5 90.0 0.3 9.7 CugooTio3Ng 7
0 96.8 3.2 0 CugsgTis2
3 1/15 93.4 0.6 6.0 Cugz.4TioeNs.0
1/10 91.3 0.5 8.2 Cugi 3TiosNsg2
1/5 88.6 0.4 11.0 CusgseTiosN110
0 96.4 3.6 0 Cugs.aTize
4 1/15 94.1 1.0 4.9  Cugs1TizoNag
1/10 91.8 0.8 7.4 Cug18TiosN7.4
1/5 87.7 0.6 11.7 Cugr.7TiosN117
0 87.9 12.1 0 CugroTiiz1
1/15 90.5 53 4.2  CugosTis3Ns2
> 1/10 88.5 4.3 7.2 CugssTiasN72
1/5 87.4 3.4 9.2 Cusg7.4TizaNg 2
0 76.9 23.1 0 Cuze.9Tizz1
6 1/15 82.4 12.4 5.2  Cus24Ti124Ns2
1/10 81.2 9.9 8.9  Cugi2TiggNso
1/5 80.2 9.8 10.0 Cugo2TiggN100
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Ratio of Ny/Ar

No. 1/15 1/10 1/5 s
(Annealing: 400 ‘C/1 h)
Composition  Hardness ~ Composition Hardness ~ Composition Hardness
1 CugasNss 4.5 Cug2.4N7 5.6 Cug7.5N12s 5.6 3.8
2 Cugg2Tio4Ns4 5.1 CUog1.1Tio3Nss 5.3 CuUgo.oTio3Ng7 5.9 4.0
3 Cug34TiosNs.o 5.0 Cug1.3TiosNg.2 51 CugssTioaN11.0 5.6 4.2
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Fig.8 Cross-sectional TEM image (a) and selected area electron
diffraction pattern (b) of the Cuga.1Ti1oNa4g film after anne-
aling at 200 ‘Cfor 1 h
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Fig.9 TEM images of the 550 ‘C/1 h annealed film Cugs.1Ti1.0-
Na.g: (2) cross-sectional TEM image, (b) CusSi image,

and (c) selected area electron diffraction pattern

TipND, A N KENTH o R ) ok AT)
IREAHEMK K. KUESE T CusN #ifi SEA RE R A7
16, WRRRE T MR R R KIS KR B B i D A
MR N ARTECE TIN AL TioN, W8 Ti-N L &W7E
550 CiB KK SR T DAFR EAFTE . AL, 7E TEM W&
R, A XA CusSi A B (WKl 9b), FEUE

i

B
2 i

w

1) 1€ Cu I ASERICE Ti Ja, #sEnl DUE N
R BN AT LI EFET Cuth, HTi &8
K, Cu HAEM N B2 Cu-Ti-N 5 Al FE %L
2l Cu it (~3.5 GPa) AR KR i, 5 /& Cusgo 2 Tig s-
Nioo 75 R {fi #£ 400°C/1h 3B K J5 i B 1R 4R w53k 5.4
GPa, 1t B sty mT DLk 3 S5 2 1 vy v IS0 52 1 H 1)

2) Ti. N S EEN CugoTigoNgo I HLFH

(~660 uQ-cm) Ett CuggsTigsNy, B (~123 uQ-cm)
B, HEWE A E AR, #8478 5.2 GPa,
FrU B R I EA R Tiv N S EB SRR, FES
By AT & &

2k

[1] Jeong B Y, Kim M H. Surface and Coatings Technology[J],
2001, 137(2): 249

[2] An Jingzhu(Z#{7T). Heat Treatment of Metals Abroad([E 4h

References


app:ds:heat
app:ds:treatment
app:ds:of
app:ds:metals

* 2372 ¢

WA & RMRS TR

i 45 %

4 B PR ) [],1994, 15(4): 2

[3] Asano M, Umeda K, Tasaki A. Japanese Journal of Applied
Physics[J], 1990, 29(10): 1985

[4] Nosaka T, Yoshitake M, Okamoto A et al. Applied Surface
Science[J], 2001, 169: 358

[5] Maruyama T, Morishita T. Applied Physics Letters[J], 1996,
69(7): 890

[6] Guo Ruisong(ZBHkF4), Cai Shu(%% 4F), Ji Huiming (Z= 1 H)
et al. Engineering Structural Ceramics(T.F£45#4Fd % )[M].
Tianjin: Tianjing University Press, 2002: 209

[7] Leng Yongxiang(¥ 7k #£),Sun Hong(#) %), Xu Luxiang(#&f#
¥£) et al. Vacuum Science and Technology (B 75 F} % 5 H: A)
[J], 2003, 23(4): 295

[8] Chou W J, Yu G P, Huang J H. Surface and Coatings
Technology[J], 2001, 140(3): 206

[9] Gupta A, Wang H, Kvit A et al. J Appl Phys[J] 2003, 93(9),
5210

[10] Moulder J F, Stickle W F, Sobol P E et al. Handbook of X-ray
Photoelectron Spectroscopy: a Reference Book of Standard
Spectra for Identification and Interpretation of XPS Data[M].
Perkin-Elmer: Boca Raton, FL, 1992

[11] Bertoti I, Mohai M, Sullivan J L et al. Applied Surface
Science[J], 1995, 84(4): 357

[12] Ramqvist L, Hamrin K, Johansson G et al. Journal of Physics
and Chemistry of Solids[J], 1969, 30(7): 1835

[13] Strydom I L, Hofmann S. Journal of Electron Spectroscopy and
Related Phenomena[J], 1991, 56(2): 85

[14] Saha N C, Tompkins H G. Journal of Applied Physics[J], 1992,
72(7): 3072

[15] Yang Jianhua(#%4£), Zhang Tonghe(ikiE A1), Ji Chengzhou
(Wi % J) et al. Function Materials(Zh#g#4 %1 [J], 1990, 6: 360

[16] Takeuchi A, Inoue A. Materials Transactions[J], 2005, 46(12):
2817

N-Containing Ternary Cu Alloy Films Stabilized by Ti

Li Xiaona'?, Zhao Lirong®, Zheng Yuehong®, Dong Chuang?
(1. Key Laboratory of Materials Modification by Laser, lon and Electron Beams, Ministry of Education,
Dalian University of Technology, Dalian 116024, China)
(2. Changzhou Institute of Dalian University of Technology, Changzhou 213164, China)

Abstract: Since copper can not form stable compounds with nitrogen, the conventional surface hardening method can not be used to
improve the surface hardness of copper. An effective method of improving the surface hardness of copper was explored by adding Ti
which could stabilize N in Cu alloy films. The Cu alloy films containing different contents of Ti and N were deposited onto the Si (100)
substrates by magnetron sputtering and their microstructure, hardness and resistivity were analyzed. The results suggest that the addition
of Ti leads to stable N in Cu alloy films in the form of Ti-N compounds, and the hardness of the alloy films is improved compared with
that of pure Cu film (~3.5 GPa). Particularly, the hardness of Cusgg2TigsN1go film is still 5.4 GPa even after annealing at 400 <C for 1 h.
The resistivity of the Cugi2TiggNsgg film (~660 uQ-cm) with large contents of Ti and N is much higher than that of CuggsTissN72 film
(~123 pQ-cm), but their hardness is almost the same (~5.2 GPa). Therefore, Ti and N contents should be controlled properly when
preparing Cu(Ti, N) films.
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