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Abstract

Plasma etching process has become a
major fabrication technique in modern I1C
manufacturing. The dry etching process is
performed by using a high-energy plasma
ion to directly bomb Si-wafer or the plasma
ion gas to interact with the Si-wéfer.
However, in recent years, this etching
process has been found to cause the antenna
effect and to degrade device reliability for
the high-density circuit. The plasma damage
can be classified into two categories. the
first one is plasma charging damage, which
occurred in the channel region; the other one
is plasma edge damage, which generated at
poly-Si gate edge region. In the previous
studies, most of them were focused on the
former. Therefore, in this study, we will
investigate the plasma edge damage and
provide a new analysis method.

In this work, we used the charge
pumping profiling technique to analyze the
plasma damage and the associated hot
carrier degradation. For the first time, this
profiling technique has been used for the
study of plasma damage. This technique can
monitor the plasma damage more directly
and precisaly than the conventional method,



such as basic CP method and GIDL method.
Severa important results have been drawn
from this study. First, based on the charge
pumping profiling technique and the HC
stress, the plasma edge damage has been
studied. This techniqgue can be used to
replace the conventional CP measurement
and the GIDL methods. Second, by using
this technique, three kinds of plasma damage
measurements have been performed. Third,
from the observed localized plasma damage,
the degradation mechanism for the plasma
edge damage has been performed. Fourth,
from the results of the two-peak profile of
interface state distribution, the plasma
charging enhanced edge damage will
dominate device reliability.

Keywords. MOSFET device reliability,
plasma damage, plasma etching damage,

plasma edge damage, hot carrier reliability,
charge pumping profiling technique.
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Fig. 1 Four kinds of antenna structures used in thisstudy. Device (1): control sample; Device (2): with large-area antenna;
Device (3): with low-density comb-like antenna; Device (4): with high-density comb-like antenna.
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Fig. 2 Charge pumping measurement for devices (1) and (4)
at the wafer edge and the center. At the edge, device
degradation is enhanced after HC stress, especially for

device (4).
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Fig. 4 Length dependence of maximum charge pumping
current (&) and N;; (b). Short channel devices havelarge Dl
for four kinds of structures than long channel ones. Larger
interface traps are as aresult of plasma edge damage.
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Fig. 3 Charge pumping measurement for four kinds of antenna
structures. Although the plasma damage were eliminated in the
poly-reoxidation process (fresh), much more interface trap has

been re-introduced after HC stress.
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Fig. 5 Length dependence of the drain current degradation (a)
and the etch-pattern enhanced damage effect (b). Short channel
device shows enhanced drain current degradation by
comparing with long channel ones.
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Fig. 6 Four phasesinducing the plasmadamage: (1) plasma charging; (2) plasmabombardment; (3) plasma charging enhanced
damage; (4) HC stress induced damage.
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Fig. 7 (a) and (b) I, and N; for plasma charging enhanced edge damage. (c) and (d) I, and Nj; dueto plasma charging
enhanced HC effect. Note that 2 peaks of N;, are observed.
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