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Studies on Dynamics of Macroscopic Oscillatory Systems

A. RSJModeling Driven Josephson ac Effect and Quantized Hall Effects.

B. Recovery of Interrupted RHEED Oscillation in SrTiOz Laser Ablation Epitaxy Growth

Student : Te-Chun Wang Advisor : Prof. Yih-Shun Gou
Department of Electrophysics
National Chiao-Tung University

ABSTRACT

Dynamical behaviors of two oscillatory many body systems have been
investigated. From a classical nonljnear resonance or phase-locking point of view, we
firstly discuss the similarity between two macroscopic quantized systems, namely the
driven superconductive Josephson ac effects and the-quantized Hall effects. The other
system under study involves the correlation-between the reflection high energy electron
diffraction intensity of interrupted STO laser deposition and the kinetic characteristics
of the surface step edges.

The I-V characteristics of the Shapiro steps of a2 dimensiona superconductive
Josephson junction can be described by the Resistively and Capacitively Shunted
Junction (RCSJ) model. The governing equation is equivalent to a periodically driven
nonlinear oscillator. When the system falls into the phase-locked state, the natural
frequency and the external frequency lock in an integer or arational ratio. Under a
postulate of dynamic macroscopic quantization, the quantized Hall effects have been
modeled with a periodically forced oscillation as the rf driven Josephson ac effects. The

Hall voltage steps can be obtained as aratio between the reciprocal of fine structure
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constant €’ /h and the frequency of the electro-magnetic oscillation.

The relation between the RHEED intensity oscillation and the 2-dimensional layer by
layer growth was another macroscopic dynamical system under investigation. During
the in-situ recording on the constant-temperature annealing of interrupted laser ablation
Strontium Titanate, we found quantitative correlation between the RHEED intensity
and the density of the line dislocations on the surface. By drawing the diffusion
Arrhenius plot directly from the RHEED intensity we obtained a reasonable value for
the activation energy of the isolated step edge migration. In a series of RHEED
experiments with different heating rates for room temperature deposited films, a higher
activation energy is obtained from the Kissinger plot. These two activation energies
together suggest two different smeothening mechanisms during the recovery of the
RHEED intensity in the Epitaxy growth. Analysesdirectly on the RHEED intensity not
only gives usthe kinetics of diffusion, but also provides inspiring supports for the

dynamic model describing the RHEED intensity.
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