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Interface—control technique of semiconductors is studied in prospect of integrated devices with
layered structure composed of ferroelectric oxide films or II - V nitrides and conventional
semiconductors such as Si and GaAs. SiO2/Si interface control is also performed for establishing
the well-ordered ultrathin—oxide formation technique. Orientation control of MgO films on
(100)GaAs and (100)Si is accomplished. Highly [100]-oriented perovskite phase Pb(Zr,Ti)Os3
(PZT) films are obtained on (100)GaAs and (100)Si substrates with MgO buffer layer without
fatal interdiffusion or fatal formation of the alloying layer at the interface. PZT films on (100)Si
with MgO layer of 50 A thickness show the ferroelectric hysteresis loop. Nitrided layer of
GaAs, which is often employed as the excellent buffer layer between cubic GaN and GaAs
substrate, is in detail studied using X-ray photoelectron spectroscopy changing the photoelectron
take—off angle. Several tens A of GaN layer with high oxidation resistance is formed by the
NHs-plasma nitridation under appropriate conditions. Plasma oxidation of Si is also examined
for obtaining the high quality SiO2/Si interface and for controlling the ultrathin—oxide-layer
thickness. N accumulation at the SiO2/Si interface is observed in the case of N20-plasma
oxidation.

In this article three examples of interface—control technique for semiconductors are shown.
These techniques will contribute to fabrication of integrated devices with layered thin-film
structure composed of newly developed electronic materials and conventional semiconductors such
as Si and GaAs.

Firstly, preparation of oxide ferroelectrics on GaAs and Si substrates using MgO buffer
layer is studied. MgO films were prepared on both (100)Si and (100)GaAs by electron—beam
evaporation under various deposition conditions. The orientation of MgO films on Si and GaAs
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changed from [111] to [100] with an increase in the substrate temperature or a decrease in the
deposition rate. It also became apparent that MgO films become [100] oriented on (100)GaAs at
lower temperature as compared with those on (100)Si. These results suggest the possibility of the
orientation control of MgO films on semiconductor substrates by changing the deposition
conditions. Highly [100]-oriented perovskite-phase Pb(Zr,Ti)O3 (PZT) films were obtained by
pulsed laser ablation (PLA) on both (100)GaAs and (100)Si substrates with MgO buffer layer
which was also prepared by PLA. It was shown that MgO buffer layer acts as an excellent
barrier against the oxidation of the substrate, against the diffusion of Pb into the substrate and that
of Ga and As into the PZT films, and also against the vaporization of As. No fatal interdiffusion
was observed at the interfaces both between PZT and MgO and between MgO and GaAs or Si.
[100]-oriented PZT films with almost perovskite phase were obtained on (100)Si with MgO
buffer layer of only 50 A thickness, as shown in Fig. 1. This sample showed the ferroelectric
hysteresis loop. This technique promises realization of integrated devices composed of
semiconductors and ferroelectric materials, such as metal—ferroelectric-semiconductor field~effect
transistors (MFS-FETs).

Secondly, NH3-plasma nitridation of (100)GaAs with a planar magnetic field was carried
out at various temperatures and for various times. The surface reaction of GaAs with NH3
plasma was studied in detail using X-ray photoelectron spectroscopy (XPS) changing
photoelectron take—off angle. It is revealed that the surface composition varies with the
plasma-nitridation time and temperature. First, an unstable As-N or Ga-As-N layer is formed
on the GaAs surface. Then, such unstable layer disappears with increasing treatment time or
temperature. The formation of a GaN layer on GaAs surface can be achieved with the
appropriate treatment time and temperature. The surface-nitridation mechanism is schematically
illustrated and summarized in Fig. 2. NH3-plasma nitridation mainly proceeds without the
thermal reaction and/or the thermal diffusion. The nitridation proceeds faster for (111)GaAs than
for (100)GaAs. Although the nitridation rate for (111)B is equal to that for (111)A, a larger
number of As-N bonds are observed in (111)B surface than in (111)A surface. Successive laser
irradiation after the plasma nitridation decreases the number of As-N bonds in the unstable
surface layer and enhances the GaN formation. This process is confirmed to be also one of the
promising candidates for the surface passivation of GaAs.
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Fig. 1. X-ray diffraction patterns for Fig. 2. Schematic diagram of the model for
PZT/MgO/(100)Si structures. ~ MgO-layer surface nitridation of GaAs with NH3 plasma.

thickness is changed.

Thirdly, plasma oxidation of (100) and (111)Si on the anode electrode was carried out using
Oz plasma or N20 plasma. The rapid oxide-growth in the early stage is observed irrespective of
the substrate orientation and the type of the oxidant. Accumulation of N atoms at or near the
Si02/Si interface was observed by XPS, as shown in Fig. 3, for the N20O-plasma oxidation of Si
in the same way as in the case of rapid thermal process (RTP) of Si in N20 ambient. The
increase in the incorporated N content is observed only at the early stage of the oxidation, and the
content of accumulating N remains constant with the oxidation for longer time. It is supposed
that the oxide—growth mode on Si by the plasma oxidation is the two-dimensional growth
regardless of the substrate orientation or the type of the oxidant. Electron spin resonance (ESR)
observation reveals that at the Si02/(111)Si interface formed by the plasma oxidation there are Si
dangling bonds (DBs) similar to those in amorphous Si in addition to Pt center. The Pr-center
density at the SiO2/(111)Si interface formed by the N20-plasma oxidation is comparable to that
formed by a thermal oxidation.
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Fig. 3. N 1s XPS intensities against the sputtering time during XPS measurements for samples
oxidized for various times.
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