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Abstract

The issue of hot carrier reliability for the
deep-submicron MOSFETs is the most
important topic in modern IC reliability. To
achieve higher device performance in
advanced 1C manufacturing, device channel
length is shrunk and gate oxide is thinned.
Therefore, areliable design for improving hot
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carrier effect is strongly required. In this
project, to effectively solve the issue of hot
carrier effect, deuterium post-metal annealing
process and N,O gate oxynitride have been
introduced. By using the different efficacies
of these two materias, the hot carrier effect
can be immunized.

In this project, we first designed and
fabricated N-MOS devices with thin gate
oxide (Tex ~ 40A). The split conditions
included the material (O, and N,O) of gate
oxide and the post-metal annealing processes
(D2 and Hy). Then, the lgmx accelerated
experiments were performed. From the
experimental results, we found that the hot
carrier effect can be effectively suppressed by
the N,O gate oxynitride and the deuterium
annealing process. Several important
conclusions have been drawn. First, the hot
carrier effect can be reduced by the N,O gate
oxynitride as aresult of the strong Si-N bond.
Second, the two reasons for the
immunization of device degradation by the
deuterium annealing process are the isotope
effect and the vibrating frequency of the Si-D
bond which is the same as that of silicon
phonon. Finaly, plasma damage can also be
cured by the deuterium annealing process.

Keywords. Deep-submicron MOS devices,
hot carrier reliability, deuterium annealing
process, N,O gate oxynitride, plasma
damage.
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Fig. 1 The fresh and stressed subthreshold
characteristics for the O, gate oxide and N,O
gate oxynitride.
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Fig. 2 The fresh and stressed charge pumping
currents (Ip) for the O, gate oxide and N,O gate
oxynitride.
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Fig. 3 The extracted N;, distributions for the O,
gate oxide and N,O gate oxynitride.
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Fig. 4 The fresh and stressed subthreshold
characteristics for the D, and H,, annealing
processes.
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Fig. 5 The fresh and stressed charge pumping
currents (Ip) for the D, and H, annealing
processes.
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Fig. 6 The fresh and stressed gate-induced-
drain-leakage (GIDL) currents for the D, and H,
annealing processes.
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Fig.7 The time dependence of the drain current
degradations for the D, and H, annealing
processes.
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Fig. 8 The time dependence of charge pumping
currents for the D, and H, annealing processes.
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Fig. 9 The extracted N, distributions for the D,
and H, annealing processes.
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Fig. 10 The antenna structure for the plasma
damage study with D, and H, annealing
processes.
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Fig. 11 The fresh and stressed subthreshold

characteristics for the plasma damage study with
D, and H, annealing processes.
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Fig. 12 The fresh and stressed charge pumping
currents (1p) for the plasma damage study with
D, and H, annealing processes.
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Fig. 14 The extracted N, distributions for the

plasma damage study with D, and H, annealing
processes.
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Fig. 13 The fresh and stressed gate-induced-
drain-leakage (GIDL) currents for the plasma
damage study with D, and H, annealing
processes.
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