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Effect of Stuffing of TiN on the Diffusion Barrier Property( I ) : Cu/TiN/Si Structure
Ki~Chul Park and Ki-Bum Kim
Department of Melallurgical Engineering, Seoul National University
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Abstract The diffusion barrier property of 100-nm-thick titanium nitride (TiN) film between Cu and
Si was investigated using sheet resistance measurements, etch-pit observation, x-ray diffractometry,
Auger electron spectroscopy, and transmission electron microscopy. The TiN barrier fails due to the for-
mation of crystalline defects (dislocations) and precipitates (presumably Cu-silicides) in the Si substrate
which result from the predominant in-diffusion of Cu through the TiN layer. In contrast with the case of
Al, it 1s identified that the TiN barrier fails only the in-diffusion of Cu because there is no indication of
Si pits in the Si substrate. In addition, it appears that the stuffing of TiN does not improve the diffusion
barrier property in the Cu/TiN/Si structure. This indicates that in the case of Al, the chemical effect
that impedes the diffusion of Al by the reaction of Al with TiQ, which is present in the grain boundaries
of TiN is very improtant. On the while, in the case of Cu, there is no chemical effect because Cu oxides,
such as Cu;0 or CuQ, is thermodynamically unstable in comparison with TiO,. For this reason, it is con-

sidered that the effect of stuffing of TiN on the diffusion barrier property is not significant in the Cu/

TiN/Si structure.
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Fig. 1 Sheet resistances of Cu/TiN/Si samples as a
function of annealing temperature.
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Fig. 2 X-ray diffraction patterns of the Cu/TiN/Si

samples annealed at 650°C for lhour.
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Fig. 3 Isothermal section of ternary phase diagram for
Cu-Ti-N in the temperature range of 700-10007C.
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Fig. 4 Dark field optical micrographs of the etch-pits
obtained from the Cu/TiN/Si samples. After annealing
at 550°C for lhour, large etch-pits, as shown in (a),
were observed. After annealing above 600°C for lhour,
small etch-pits, as shown in (b), were observed together
with large etch-pits shown in (a).
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Fig. 6 Etch-pit densities of the Cu/TiN/Si samples : (a) as~deposited TiN, 550°C, (b) as-deposited TiN, 600°C, (c) as-
deposited TiN, 650°C, (d) stuffed TiN, 550C, (e) stuffed TiN, 600°C, and (f) stuffed TiN, 650C.
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Fig. 7 AES depth profiles obtained from the Cu/as~de-
posited TiN/Si sample . (a) before heat treatment and
(b) annealed at 550°C for 1 hour.
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Fig. 9. Cross-sectional TEM micrographs obtained from
Cu/as-deposited TiN/Si sample : (a) before heat treat-
ment and (b) annealed at 650°C for 1 hour.
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Fig. 10. Cross-sectional TEM micrographs obtained
from stuffed TiN/Si sample : (a) before heat treatment
and (b) annealed at 650°C for 1 hour.
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Fig. 11 Cross-sectional TEM micrographs obtained
from Cu/as-deposited TiN/Si sample annealed at 650
C for 1 hour (8) and (b) magnified image.
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