[v %] 938437
Korean Journal of Materials Research
Vol. 11, No. 7 (2001)

Ti/Si®] ZAu)go] t}& e}-& o] &3} sputtered
Ti-Si-N wutete] S2EA o7
ubal7] - ZH 5 . ok 3| A - o] F - o] 2t . B ** -
FAeE F4ALR4Y

*zaeE B4AEBGY
** Ak o) er ) AEshekat

ol =z}

Deposition Characteristics of Ti-Si-N Films Deposited by Radio
Frequency Reactive Sputtering of Various Ratio of Ti/Si Targets in an N,/Ar Ambient

S.G. Park, B.J. Kang, H.J. Yang, W.H. Lee, E.G. Lee*, H.J. Kim** and J.G. Lee
School of Metallurgical and Material Engineering, Kookmin University 861-1 Chongnung-dong, Songbuk- gu, Seoul, 136- 702
*Department of Materials Science and Engineering, Chosun University 375, Seosuk— Dong, Dong- Gu, Kwangju, 501- 759
**Department of Material Science, Advanced Institute of Military Science and Technology Seoul 139- 799

(20001 449 27 2, 20019 64 19¢ HEFHE WL)

2 B Ti% Sie) wlol AR o8 $59 89E Ar/N.o) EYIIAE A5k 1f magnetron sputtering®$ o 2 F3¥
Ti-Si-Nubete] S22 40 e QA78ch. Ti-Si-N2tste] 2431 S35 2 eb2 Ti/sis) wlest 23409 Aar|Ae) f2
o w2t 2A) Beksich. ol Tisk S8l nitriding Y2} Aol QY A ThE sputter yieldel &g o2 ehiich. Siol 1]
24 A ZHE Ti-Si-Nubehe S35 shehil TiNe) 238} dofton, we wixg& dehisich. No| W) 27k
spute] W o} rES R G F7HAIA Ti-Si-N2ute) G4x) Sl 2 F8E vAE ANE vehuich. & AFol4 Noo) 533

e Ti/Sivled 2824 A&l FibgATal Ti-8i-N Zute} 33271 &3¢ & Ut

Abstract We have investigated the deposition characteristics of Ti-Si-N films obtained by rf magnetron sputtering
with ratios of Ti/Si targets in an Ar/N: gas mixture. The growth rate and stoichiometry dependence of the Ti-Si-N
films on the ratio of Ti/Si and N. flow rate ratio were found to be due to the different nitriding rate of Ti and Si tar-
gets. Additionally, their different sputtering yield of nitrided Ti and Si make a reason as well. Lowering Si content in
the film favored the formation of crystalline TiN, leading to the low resistivity. Increasing N content led to the Ti-Si-
N films having a higher density and compressive stress, suggesting that the N content in the film is one of the most
important factors determining the diffusion barrier characteristics. In the current work, the optimum process condi-
tions for the formation of efficient diffusion barrier of Ti-Si- N film has successfully obtained by manipulating the Ti/
Si ratio of target and N, flow rate ratio.
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Fig. 1. Ternary phase diagram of Ti-Si~-N films deposited
using four different targets at various N, flow rate [N./(Ar+
N.)] (a:TiSi.target, b:Si piece(2cm x2cm) on Ti target, c:Ti
piece(2cm x 2cm) on TiSi target, d:Si piece(lecm X lem) on Ti
target.)
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Fig. 2. Growth rate variation of Ti-Si-N films deposited using
four different targets at various N: flow rate of N./(Ar+N,). (a:
TiSi, target, b:Si piece(2cm X 2cm) on Ti target, c:Ti piece(Z2em
x 2cm) on TiSi, target, d:Si piece(lcm % 1cm) on Ti target.)
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Fig. 3. Growth rate variation of TIN(M) and SiNx(@®) films de-
posited using two different targets at various N, flow rate of N/
(AI‘ + Nz)

Abstgict, 289 32 Ti ebA Si e} APt o
2 Z2&4E¢ Yk Adjolt}d. ALIAE HrEA ¥z
Arubg o)g435ted Tigt Sig FHAZ) %= visy 32
& Bolxm gloy, ERVIAMNY Axfekuzt Fo1etel
w2} SiNol| vlal TN F&Eo] F43A stz 9l



582 A5 A11D A7TE (2001

10 o .
/ Ti target
e g
08
s =
% 06 |
i
@ ]
> |
2 04 ./
Z" — St i
/
2] g |
B " I M P P
N, flow rate ratio[N,/(Ar+N,)|

Fig. 4. N; coverage on Ti and Si target obtained at various N
flow rate of No/(Ar+N.).
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Fig. 5. The ratio of Tiand Si contents in Ti-Si-N films deposit-
ed using two different targets at various N. flow rate of No/(Ar
+N:).
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Fig. 6. Variation of N content in TiN and SiNx films deposited
using four different targets at various N. flow rate of No/(Ar+
Na).
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Fig. 7. Resistivity variation of Ti-Si-N films deposited using
four different targets at various N flow rate of No/(Ar+N,). (a:
TiSistarget, b:Si piece(2cm x 2cm) on Ti target, ¢:Ti piece(2cm
x 2cm) on TiSi, target, d:Si piece(1em X 1lcm) on Ti target)
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Fig. 8. XRD patterns of Ti-Si-N films deposited using four dif-
ferent targets at the N, flow rate ratio of 0.04.
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Fig. 9. XPS narrow scan sprectra of (a) Ti 2p, (b) Si 2p and (c)
N 1s of Ti-Si-N films.
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Fig. 10. The density(M) and compressive stress(®) of Ti-Si-N
films as a function of N content.
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