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Effect of Stuffing of TiN on the Diffusion Barrier Property( 1 ) | Al/TIN/Si Structure
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Abstrad  The effect of stuffing of TiN on the diffusion barrier property between Al and Si was investi-
gated. The stuffing of TiN was performed by annealing in a N; ambient at 450°C for 30min. By TEM
analysis, it is identified that there are solid—free or open spaces of about 10-20 A between the grains of
as—deposited TiN. In the case of stuffed TiN, the width of solid-free or open spaces has been reduced to
about 10 A or below. The combination of RBS and AES analyses showed that the as—deposited TiN had
about 7at.% of oxygen, and that the stuffed TiN had about 10-15at.% of oxygen. The diffusion barrier
test result shows that after annealing at 650°C for 1hour, the as—deposited TiN fails due to the formation
of Al spikes and Si pits in the Si substrate. However, in the case of stuffed TiN, there is no indication of
Al spikes and Si pits at the same annealing condition. Thus, it is concluded that this stuffing of TiN sig-
nificantly improves the diffusion barrier property of TiN between Al and Si. It is considered that the
stuffing effect results from the reduced diffusion through grain boundaries due to the reduced spacing of
grain boundaries.
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Fig. 1. Plan—view TEM micrographs of the as-deposit-
ed TiN film: (al in—focused image and its diffraction
pattern, {b) 300nm under—focused image, and ¢} 300
nm over—focused image.
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Fig. 2. Plan—view TEM micrographs of the stuffed TiN
film : ‘a' infocused image and its diffraction pattern,
{b} 300nm under—focused image, and ci 300 nm over-
focused image.
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Fig. 3. RBS spectra of the (a) as—deposited TiN/Si and
(b) stuffed TIN/Si samples.
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Fig. 4. Sheet resistances of Al/TIN/SI samples as a
function of annealing temperature.
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Fig. 5. XRD patterns of Al/TiN/Si samples as a func-
tion of annealing temperature . (a) Al/as—deposited TiN
/Si and (b) Al/stuffed TIN/Si.
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Fig. 6. Isothermal section of ternary phase diagram for
AL-Ti-N at 600°C.

(a)
100 r—v‘-ﬂ——.‘.ﬂ———-——ﬁ-—vﬁ—-——,—)f
9«)\» // j
/
st Al Si/ J
;
| ; !
!
i Ti+N
s 60F It \l}«\ ;/
g so- o~ N
S s L
< a0 J Ti y |
; )
30 J /N \ |
20 / /r’ \
b C H
10 ; o \
‘ . N 5 e .
0 H 10 15 20 25 30 35 [ s

(b)
W00 — ’
90+ ,’/ - | B
w ALE) |
) \K Si i
70/ :\
& 60F i Y N
L?"- 50 Q ) \ ]HT _
g 1% ! s )
2 0N 1
» Al ;
[ © ,
’\
10 L\;\/C \\
i D SRR ~ S S _
0() 5 10 15 0 25 30 35 40 45
Sputter Time(min.)
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Fig. 11. Cross—sectional TEM micrograph obtained
from the Al/stuffed TIN/Si sample annealed at
650°C for 1hour (a) and (b} magnified image.
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