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Abstract We have investigated the physical and diffusion barrier property of Ti~Si-N film for Cu metallization. The
ternary compound was deposited by using reactive rf magnetron sputtering of a TiSi; target in an Ar/N, gas mixture.
Resistivities of the films were in range of 358.42-cm to 307941 4Q2-cm, and tended to increase with increasing the N/
Ar flow rate ratio. The crystallization of the Ti-Si-N compound started to occur at 1000°C with the phases of TiN and
Si:N, identified by using XRD(X-ray Diffractometer). The degree of the crystallization was influenced by the N,/Ar
flow ratio. The diffusion barrier property of Ti-Si-N film for Cu metallization was determined by AES, XRD and etch
pit by secco etching, revealing the failure temperature of 900°C in 43~ 45 at% of nitrogen content. In addition, the very
thin compound (10 nm) with 43~45 at% nitrogen content remained stable up to 700°C. Furthermore, thermal treat-
ment in vacuum at 600°C improved the barrier property of the Ti-Si-N film deposited at the No/(Ar+ N,) ratio of 0.05.
The addition of Ti interlayer between Ti-Si-N films caused the drastic decrease of the resistivity with slight degrada-
tion of diffusion barrier properties of the compound.
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Fig. 1. Ti-Si~ N ternary phase diagram at 1000°C.
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Fig. 2. N; ratio effects on the resistivity and N contents of TiSi.
N, films.
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Fig. 3. Resistivities of Ti-Si-N films vacuum annealed at dif-
ferent temperature.
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Fig. 4. X~ray diffraction patterns of Ti-Si-N films annealed at
different temperature (a) N. flow rate ratio 3% (b) N flow rate
ratio 5%.
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Fig. 5. Rs variation of Cu(300nm)/TiSi,N,(100nm)/Si as a func-
tion of annealing temperature.
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Fig. 6. XRD spectra of (a) Cu(300nm)/TiSi.N,{100nm)/Si (b)Cu
(300nm)/ TiN(100nm)/Si annealed at different temperatures
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Fig. 7. AES depth profile of (a) Cu(300nm)/TiSi.N,(100nm)/Si
(800°C, 30min in vacuum) (b)Cu(300nm)/TiN(100nm)/Si(650
C, 30min in vacuum).
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Fig. 8. Rs variation of Cu/TiSi.N,/Si as a function of annealing
temperature(a) TiSi.N,(50nm) (b) TiSi.N,(250m) (c) TiSi.N,
(10nm).
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Fig. 9. TiSi.N, vacuum preannealing(600°C, 30min) effect of
diffusion barrier properties {a)100nm TiSi.N, (b)25nm TiSiiN,.
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Fig. 10. SEM image of Si surface secoo etched of Cu/TiSi,N,/Si
annealed at 800°C (a) without preannealing(N., flow rate ratio: 5
%) (b) 600°C preannealing(N. flow rate ratio: 5%).
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Fig. 11. Ti layer effect on TiSi.N, resistivity.
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Fig. 12, X-ray diffraction patterns of multi layer annealed at
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Fig. 13. AES depth profile of TiSi.N,/Ti/TiSi.N,(100nm) (a) as
-dep.(b) annealed at 800°C for 30min in vacuum.
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Fig. 14. Rs variation of Cu/TiSi.N,/Ti/TiSi.N,(100nm)/Si as a
function of annealing temperature.
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