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Abstract

As device scaling continues, the sub-100nm CMOS
device needs a t,, in the range of 10-15A and with 75nm
gate length in 2005, as predicted from the SIA roadmap.
How to grow oxide as 10-15A is the key, in particular,
the monitoring of interface traps (Nj;) and oxide trapped
charges (Q,) in the ultra-thin gate oxide. So far, various
gate oxide reliability diagnostic tools, such as DCIV,
GD(Gated-Diode), CP (Charge- Pumping) etc. have been
employed for such a purpose. For ultra-thin gate oxide of
20A and beyond, the above methods are limited by the
tunneling leakage through the gate oxide during the
measurement since direct tunneling exists. This project
has been focused on developing new techniques for the
measurement of ultra-thin gate oxide sub-100nm CMOS
devices. We have successfully developed two methods, a
new charge pumping method and an improved
gated-diode measurement technique.

This first approach is called Incremental Frequency
Charge Pumping (IFCP) method. It has been
implemented for determining the interface traps in
ultra-short gate length CMOS devices with ultra-thin
gate oxide in the direct tunneling regime, 12-16A gate
oxide. The leakage current in the gate oxide can be
removed from the measured CP current, which enables
accurate determination of the interface traps. This
method has been demonstrated successfully for
characterizing the symmetrical and assymetrical NBTI
effects.

The second approach is called Low gate Leakage
Gate-Diode (LZ-GD) method, in which the distri- bution
of interface traps along the channel, can be easily
obtained from this L>-GD method. Also, by using this
new technique, the localized oxide damage due to NBTI
stress effect can be identified simply from the measured
drain currents. Therefore, both types of approaches, IFCP
and L>-GD techniques are well suited for the
characterization of CMOS reliabilities, and in particular
for the sub-100nm CMOS devices with gate oxide in the
range 10-20A.

Keywords: ultra-thin gate oxide, quantum tunneling
effect, gate leakage current, oxide interface traps, oxide

traps, nano-CMOS device technology, NBTI, charge
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Fig. 9 Comparison of the generated N, for two
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Fig. 10 (a) Definition of L and IAL .(b)The method
to extract the lateral junction of S/D junction.
Calculated AL= 0.04um in this work.
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N, distribution with double-hump can be seen at
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dominant from these curves. (Right) The
neutralization procedureis similar to Fig. 5.
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