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Jong-Shenq Guo (Tamkang University)
[ Recent development of dynamical behaviors on MEMS |

In this talk, we shall review some known results on MEMS (micro-electro mechanical
system) device without the inertia, the parabolic version of the MEMS model equation.
In particular, we shall concentrate on the structure of stationary solutions and the touch-
down phenomena for MEMS device with/without capacitor and/or with/without fringing
field. Moreover, we shall also discuss two different physical situations for the membrane,
namely, either the edge of the membrane is fixed, or the edge of the membrane is
connected with a flexible nonideal support. In the issue of touch-down phenomena, we
shall focus on the criteria, locations, time asymptotic rate and spatial profile of touch-

down.
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Numerical calculations of stability of stationary solutions for a phase field model
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Discrete semilinear wave equations
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Mathematical analysis of special solutions of MEMS type equations

Radially symmetric stationary solutions for a micro-electro-mechanical systems (MEMS)
type reaction—diffusion equation with fringing field are considered. This equation arises
in the study of the MEMS devices. This talk is devoted to the study of the existence of
these solutions, information about their shape, and their asymptotic behavior. These are
studied by applying the framework that combines Poincar¥'e-type compactification,
classical dynamical systems theory, and geometric methods for desingularization of vector
fields called the blow-up technique. This talk includes a collaboration with Professor
Takashi Sakamoto in Meiji University.
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Chaos control via time-delayed feedback: numerical studies and application to AFM

cantilever dynamics
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FAKTE EBEEFA%) (Short presentation 3)
A finite difference method and its error estimate for a system of nonlinear Klein-Gordon

equations
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BRE (BEFFK%) (Short presentation 4)

The 9th Chebyshev method in non-convex, non-smooth optimization problems

Some continuous optimization methods can be viewed as numerical methods applied
to ordinary differential equations, and the derivation and analysis of optimization
methods have been conducted from the perspective of numerical analysis. Ushiyama, Sato
and Matsuo (2022) proposed an efficient method based on numerical methods with a
wide stable region for convex function optimization. On the other hand, Riis, Ehrhardt
and Quispel (2022) examined optimization problems of non-differentiable and non-
convex functions, and devised optimization methods to monotonically decrease the
objective function. In this talk, we propose a method that combines the method proposed
in Ushiyama, Sato and Matsuo (2022) with the method proposed in Riis, Ehrhardt,
Quispel (2022), and prove that the proposed method monotonically decreases the

objective function.

Hatem Zaag (CNRS - Sorbonne Paris North University)

Construction of a stable touch-down solution for a parabolic MEMS model

In this talk, we are interested in the mathematical model of MEMS devices which is

presented by the following equation on (0,T) X 2:
A

(1-w?(1 +yfﬂﬁdx)2’

where 2 is a bounded domain in R™ and A, y >0. In this work, we have succeeded to

Jiu = Au + 0<u<li,

construct a solution which quenches in finite time T only at one interior pointa € 2. In
particular, we give a description of the quenching behavior according to the following
final profile

_ 1z211/3
1—u(x,T)~t9*[M as x—-a, 6*>0.

In|x—all
The construction relies on some connections between the quenching phenomenon
and the blowup phenomenon. More precisely, we change our problem to the
construction of a blowup solution for a related PDE and describe its behavior. The
method is inspired by the work of Merle and Zaag [Reconnection of vortex with the
boundary and finite time quenching, Nonlinearity10 (1997) 1497-1550] with a suitable
modification. In addition to that, the proof relies on two main steps: A reduction to a

finite-dimensional problem and a topological argument based on index theory. The



main difficulty and novelty of this work is that we handle the nonlocal integral term in
the above equation. The interpretation of the finite-dimensional parameters in terms of
the blowup point and the blowup time allows to derive the stability of the constructed

solution with respect to initial data.
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Radial single point rapture solutions for a general MEMS model

BREIEC B 1F 5 MEMS 7R % & & ¥EREAE R 7 B X o IEEBRON 2> & 7 % 5
MKz kD72, 2 2C, IFIBHEIZ RN RKEZROB% L L, Moy oHEIT
TTIT S, pTTTVT Y, ke~ T VEEL LI BAL L ERE L o T
5. A A KD 5 ECHE L 7r % rapture solution DFFETE & —E: &, HEfiRIc X %
WL & FEHS 5. F 72, rapture solution & B DAL AR K & 70 % 72 @ DIEAR
ORI KE (58D %k®, DT Joseph-Lundgren 54 & HEICBIR L T W
52 L %INT.

BARE (CKBRKRE)
Theory of MEMS: A Mathematical Model in Multi-Physics

The model MEMS is derived from elastic and electric theories. It is reduced to
hyperbolic and parabolic equations with or without non-local terms and mathematical
analysis reveals the mechanism of touchdown in accordance with the set of stationary
solutions. I describe several characteristic profiles of the reduce models and their effective

parameter regions.



