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We are developing the computational system, CHASE-3PT, which contributes to development of
next-generation semiconductors and nano devices. The core function of this system is
first-principles electronic-structure calculation based on the density functional theory (DFT). This
calculation is performed by using the pseudopotential plane-wave code, PHASE, and all-electron
calculation code, ABCAP. PHASE is based on the code developed by JRCAT Joint Research
Center for Atom Technology . We confirmed that PHASE works for a variety of parallel computers.
To check the function of the quasi-particle method in ABCAP, we compute band gaps of a various
semiconductors. The calculation is in good agreement with experiment, compared with
conventional DFT calculations, indicating that our system allows to evaluate optical properties and
dielectric constants.

The above-mentioned two programs are highly reliable but is time consuming in some cases
since the computational time rapidly increases as the atom number becomes large. In order to take
into account a very large number of atoms, we developed a hybrid-method code, in which a part of
atoms is described by using classical potentials. We performed finite-temperature
molecular-dynamics (MD) calculation on Si(111) surface. In this calculation, the Si atoms which
are considered to be a part of heat bath, are classically described and the atoms near surface are
taken into account quantum mechanically. The MD calculation is found to lead to the stable
geometry with the large reconstruction proposed by Pandey (IBM). This success suggests that our
system allows to study systems having a large number of atoms such as films grown on
semiconductor surfaces.

In the field of the next generation semiconductors, development of highly-functional and
good-quality high-k (highly dielectric) films is essential. Then we in the first time developed the
program that calculates the dielectric constant originating from lattice vibrations. We estimated
the total dielectric constant due to lattice vibrations and electrons. The calculated value is close
to the experimental one, indicating that our system is an effective tool to study high-k materials.

Because of very thin insulating films used in the next generation semiconductor devices, leak
current is one of the serious problems. Since it is now possible to achieve a few atomic layer films,
calculation on conductivity taking into account the quantum effect (ex. tunneling effect) is
expected to be very useful to analyze the films. Furthermore, quantum-conductivity calculation is
important in development of the ultimately small device using quantum wire whose scale is that of
atoms or molecules. Then we are developing a solver of Lippmann-Schwinger equation, which is
combined with the first-principles method. Since our solver uses the nonlocal pseudopotential, it
enables calculating conductivity of realistic atomic structures. We calculated conductivity of the
organic molecule [benzene-(1,4)-dithiolate] sandwiched with two gold electrodes and found that
the conductivity is very sensitive to the contact atomic structure, indicating that our

first-principles approach is effective in evaluating quantum conductivity. We are also developing



the series-expansion method, which is our original. This method has an advantage that all the
energy states are calculated simultaneously; thus, the computational time can be decreased. We
calculated the thin film system, Al(metal)/Si(semiconductor)/Al(metal), and confirmed the
advantage of our method.

We presented the ground design of the CHASE-3PT total-environment system, which unites
the above-mentioned highly-functional programs. The system also includes databases and
graphical user interfaces, so it is friendly for the researchers who develop the next-generation

semiconductor and nano devices.



