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Abstract Recent computational science plays important roles in development of new materials and modem electron
devices. Among them, new material design tool such as first principles calculations becomes very popular for experimental
researchers as well as theoretical researchers. In this presentation, I introduce some examples that first principles calculations
plays crucial roles in modern electron devices. Two main examples are shown. (1) We propose useful guiding principles for
modemn Resistive Random Access Memories (ReRAM) by clarifying the ON-OFF switching mechanism by first principles
calculations. (2) We show that oxidation process should be minimized in SiC-MOSFET fabrication to avoid C-C bond defect
formation at the oxidation front.
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X| 1. Atomic structure ol the (a) bulk o« -Al,U; model, (b)

isolated-Vo model, and (¢) Vp-chain model. Red and gray
balls are oxygen and aluminum atoms, respectively. Blue

dotted circles are oxygen vacancies.
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2. Vg cohesive energy Ec(q) as a function of charge
state q for the Vg-chain model with respect to the one-Vg

model.

3. Partial charge density of a conductive filament
observed in Vgp-chain model at neutral charge state. Red
and gray balls are oxygen and aluminum atoms,
respectively. Yellow shows the partial charge  density

distribution.
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4. Schematic illustrations of the (b) three-layer ReRAM
structure involving Al,Os; layer (pink) as a Vg barrier

layer and the (b) conventional two-layer ReRAM structure.

Gray column, gray circle, and arrows represent conductive

filament, single Vo, and move direction of Vo,

respectively.
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5. Schematic representation of the Vo filament
formation on Al,O; and Hf stack structure and relative
band structure when plus voltage is applied. Orange and
pink represent Hf and Al,O; layer, respectively. Gray
column and balls show conductive Vo filament and
isolated Vg. Black and white circles show electrons and
removed electrons. Red arrows represent movement of

clectrons.
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¥ v 7B F A SiC®» MOSFETH CRATMICER I NS
EL IR EDEFHFLLTESIEN., BVWE
FrI v THMNERERTDIEELZLNLD (BT,

6. Calculation model and schematic illustration of
structure change flow. (a) Initial structure. O atom
inserted between two Si atoms. (b) Si-O-Si structure is
formed and two Si-C bonds are cut. (¢) Finally, C-C bond
is formed.Red, yellow and blue spheres represent oxygen,

silicon and carbon respectively.
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Energy levels
of Conduction.
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7. Schematic illustration of relationship between C-C
bond defect in SiC MOSFET and electron trap level near

the conduction bottoms.
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