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Thermal Stability of Ti-Si-N as a Diffusion Barrier
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Abstract Amorphous Ti-Si-N films of approximately 200A and 650A thickness were reactively sputtered on Si wa-
fers using a dc magnetron sputtering system at various N./Ar flow ratios. Their barrier properties between Cu (750A)
and Si were investigated by using sheet resistance measurements, XRD, SEM, RBS, and AES depth profiling focused
on the effect of the nitrogen content in Ti-Si~N thin film on the Ti-Si-N barrier properties. As the nitrogen content
increases, first the failure temperature tends to increase up to 46 % and then decrease. Barrier failure seems to occur
by the diffusion of Cu into the Si substrate to form CusSi, since no other X-ray diffraction intensity peak (for example,
that for titanium silicide) than Cu and CusSi peaks appears up to 800°C. The optimal composition of Ti-Si-N in this
study is TixSizN«e. The failure temperatures of the Ti»SisNis barrier layers 200 and 650A thick are 650 and 700C,

respectively.
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Table 1. The N./Ar flow ratios, compositions, and atomic
densities of the sputter-deposited Ti~Si-N films. The
thicknesses are all around 650A.

. .. Atomic density
N./Ar flow ratios ~ Composition (10%/crn?)
5 Ti3S150Nss 8.21
10 TiaSizNe 8.58
15 T12S1sNes 8.75
20 Ti2sSiaNs 9.04

Si,N,
TiN
Ti,N

Ti pSp——— Si
Ti,Si; TiSi TiSi,
Fig. 1. Simplified Ti-Si-N phase diagrams in the 700-

1000°C temperature range. (1: Ti:SiwNss 2: TinSixNe, 3:
Tiz»ShsNus, 4: TisziuNsn)
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Fig. 2. 2.240MeV 4He"* backscattering spectra of Cu (750 A )/ Ti-Si-N(650 A )/Si samples deposited
at various N/ Ar flow ratios. No/ Ar flow ratio was (a) 5%, (b) 10%, (c) 15%, (d) 20%
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Fig. 3. Sheet resistance of the Cu/Ti-Si-N/Si sample as a
function of the annealing temperature: (a) Cu(750A )/ Ti-Si~ N
(650A)/Si sample, (b) Cu(750A)/Ti-Si-N(200A)/Si sample
sputtered by Ti.Si:sNe composition
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Fig. 4. XRD spectra for (a) Cu(750A )/ T1,5Si,sN (650 A )/Si sam-
ples annealed at various temperatures, (b) Cu(750A)/Ti-Si-N
(650A)/Si samples with various Ti-Si-N compositions an-
nealed at 700°C for 30 min, and (c) Cu{750 A )/ Ti2S1:sN«(200 A )
/Si samples annealed at various temperatures
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Fig. 5. AES depth profiles of Cu(750A )/ TizsSisNe(650 A )/Si
samples: (a) as-deposited, (b) annealed at 600°C for 30 min, (c)
annealed at 700°C for 30 min, and (d) annealed at 750°C for 30
min.
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Fig. 6. AES depth profiles of Cu(750A4 )/ TiSisN(200A)/Si
samples: (a) as~deposited, (b) annealed at 600°C for 30 min, (c)

annealed at 650°C for 30 min, and (d) annealed at 700°C for 30
min.
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Fig. 7. SEM micrographs of Cu(750A )/ TiSi:sN.{650 A )/Si samples: (a) as~deposited (b) annealed
at 600°C for 30 min, (c) annealed at 700°C for 30 min, and (d) annealed at 750 for 30 min.
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