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Abstract

As device dimensions shrink with increasing levels of integration, short channel effects (SCESs) in
p-MOSFETs have become a serious problem since they increase the off-current and reduce the
threshold voltage. Forming shallow p*/n junctions for source/drain extension is a promising method
for suppressing SCEs. However, the fabrication process is difficult due to the channeling of boron
ions during low-energy boron implantation and anomalous boron diffusion during subsequent thermal
annealing. Introducing germanium preamorphization ion-implantation (Ge-PAl) prior to the
low-energy boron implantation, with the combination of non-melt laser annealing (NLA) is one of a
promising method for forming highly activated shallow p*/n junction. Previously, laser thermal
processing (melting process) has been widely used for forming abrupt shallow junction. However,
this process deforms fine patterns by melting the gate and silicon substrate under the isolation oxide
structures. To avoid complication arising from melting process, the power of laser can be reduced so
that heating can be done without melting. NLA is an alternative method for regrowing the amorphous
layer and activating dopants in an extremely short time without melting the substrate. This study
reports the formation of shallow p*/n junction using the combination of Ge-PAI, low-energy boron
implantation, rapid thermal annealing (RTA) and NLA. Two types of laser with different wavelength
and pulse duration (i.e. KrF and green laser) are used to compare the dopant diffusion, activation and
recrystallization of amorphous layer during the formation process.

Chapter 1 and Chapter 2 describe the background, theory and experimental methods.

Chapter 3 describes the numerical calculation of surface temperature during laser annealing process
using one-dimensional heat flow calculation. The threshold energy density for melting is determined
from this calculation.

Chapter 4 describes the formation of shallow p*/n junction in Si using NLA by KrF laser (UV
laser). Optimization of annealing condition, i.e. by introducing preannealing or postannealing RTA
before or after NLA is made to find an optimal annealing condition for forming shallow p*/n
junction. The physical phenomenon, such as boron diffusion, activation and recrystallization of
amorphous layer are also studied.

Chapter 5 describes the formation of shallow p*/n junction in Si using NLA by green laser (visible
laser).It is to investigate the effect of laser wavelength and pulse duration on the physical
phenomenon that occurs during NLA.

The comparison between KrF and green laser is described in Chapter 6. A remarkable diffusion of
boron in implanted samples subjected to both preannealing RTA and NLA by KrF laser is observed at
annealing temperature as lower as 1078 K. In contrast, only limited diffusion was observed in
samples subjected to both preannealing RTA and NLA by green laser at annealing temperature of
1323 K. Recrystallization are slower in samples subjected to NLA by green laser than those treated
with KrF laser. We considered that the penetration depths and the pulse durations of the lasers are
important factors that cause the differences in boron diffusion and recrystallization of amorphous
layer. The differences may be caused by differences in the stress field generated during laser
annealing due to the difference penetration depths and pulse durations.

Chapter 7 summarizes and concludes this thesis.




