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An clectro-thermal-clastic model for characterizing thermal
buckling behavior of micromachined beams has been
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’ : ~  Ambient (bulk) temperature
Nomenclature R Coordinate along the axial direction
A Cross—section arca of micro bearns % Coordinate along the lateral direction
B. Nurﬁcrical constants Ymax Maximum deflection of the beam
E Young's mo dulus ofpo]y'silicon o Thermal expansion coefficient
E(B) The complete elliptic integral of the k Variable in substitution for .

second kind 0y Kronecker delta
[ Moment of inertial of micro beams ¢ A combined variable in heat equation
Lij Strain components
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Omax  Maximum deflection angle of the beam
Lame¢ constant

u Lameé constant
v Poisson’s ratio
Tjj Stress components
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1. Introduction

Buckling phenomena of micro beams have
found several applications in microsystems. For
example, buckling criteria of micro beams have
been used to predict the magnitude of residual
stress in thin films [1,2]. Different bistable or
multistable mechanisms of buckled beams have
been applied for memory elements [3], logic
clements [4], pumping mechanism [5], and a
snapping mucroactuator [6]. It is noted that all
of the above applications have used the on/oft
mechanisms of the buckling effects.

This paper presents electro, thermal and clastic
modeling  of the continuous  buckling
mechanism  for suspended micromachined
beams. These micro beams are made of heavily
phosphorus-doped polysilicon by a standard
surface micromachining process. When an input
current is applied, self-heating of the beams
causes high compressive stresses and the beam
buckles. The buckling behavior 1s found to be
continuous and controllable. This continuous,
controllable mechanism may be used as microac-
tuators in microsystems. The clectro-thermal
responses of suspended micro beams had been
established previously |7]. This paper continues
efforts in the investigation of thermal-clastic
buckling responses to complete the clectro-
thermal-elastic  characterization of microma-
chined beams.

The problem of buckling has been investigated
for many years; most previous efforts have been
concentrated on large deflection of statically
determined beams [8-10], or the Elastica
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problem coupled with non-linear constitutive
equations [11,12]. In this paper, buckling was
the result of electrical heating and thermal
stresses instead of pure forces. This thermal-
elastic problem is investigated in this paper by
the coupled problem of Elastica [13, 14] and the
Duhamel-Neumann law (e.g. [15]).

2. Theoretical analysis

2.1. Electro-thermal modeling

From previous works [7], the average tempera-
ture of a lineshape suspended micro beam under
an input current is derived as:

tanh (v/&5)
\/"L
where T, and ¢ are functions of the applied

current, geometry, thermal properties and the
excessive heat flux shape factor [7].

ng - Tr - (7r - Tx) (])

2.2. Problem of Elastica

As illustrated in Fig. 1, when a clamped-
clamped beam is subjected to a temperature
rise, two thermal loads, P, are assumed to have
the same magnitude but with opposite direc-
tions at both ends of the beam. The relation
between the thermal load and deflection angles
along the axial axis can be derived by the clas-
sical problem of Elastica [13,14]. However,
unlike statically determined problems (such as
cantilevers) which have been studied and
solved previously [8, 9, 16], our case is a stati-
cally indeterminate one. Special procedures

Fig. 1. The schematic diagram of a buckled beam under
thermal loads.






