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ABSTRACT 
Numerous electrically-driven microactuators have been 

investigated for positioning individual elements in microe­
lectromechanical systems (MEMS). The most common 
modes of actuation are electrostatic, magnetostatic, piezoe­
lectric and thermal expansion [1]. Unfortunately, the forces 
produced by electrostatic and magnetostatic actuators tend to 
be small, and to achieve large displacements, it is necessary 
to either apply a large voltage or operate the devices in a 
resonant mode. On the other hand, piezoelectric and thermal 
expansion actuators can be configured to produce large 
forces and large displacements. Unfortunately, piezoelectric 
materials are not routinely supported in the fabrication proc­
esses offered by commercial MEMS foundries. Conse­
quently, these limitations have focused attention on ther­
mally-actuated devices for generating the large forces and 
displacements frequently required to position and assemble 
complex MEMS [2]. 

INTRODUCTION 
This research focuses on the design, finite element 

analysis and experimental performance evaluation of a 
MEMS thermally-actuated beam [3,4]. The motivation is to 
present a unified description of the behavior of the thermal 
beam so that it can be adapted to a variety of applications in 
the microsensor and microactuator arenas. As depicted in 
Figure 1, a MEMS polysilicon thermally-actuated beam uses 
resistive (Joule) heating to generate thermal expansion and 
movement. When current is passed through the actuator 
from anchor-to-anchor, the larger current density in the 
"hot" arm causes it to heat and expand more than the "cold" 
arm. Since both arms are joined at their free (released) ends, 
the actuator tip is forced to move in an arc-like pattern. Re­
moving the current from the device allows it to return to its 
equilibrium state. To be a useful MEMS device, a thermally­
actuated beam will need to produce incremental in-plane me­

chanical beam tip deflections that span 0-10 µm while gen­

erating force magnitudes greater than 10 µN. 

EXPERIMENTAL 
The thermally-actuated beam design (Figure 1) was ac­

complished with the L-Edit� software program, and they were 
fabricated using the Multi-User Microelectromechanical 
Systems (MEMS) Process� (MUMPs) foundry at the Microe­
lectronics Center of North Carolina (MCNC) [5]. 

The finite element analysis was accomplished with the 
IntelliCAD� computer program. As depicted in Figure 2, this 
CAD software incorporates an MCNC fabrication process 
description file that verifies and generates a 3-D solid model 
of a given MEMS design. As illustrated in Figures 3 and 4 ,  
the thermal and electromechanical finite element analyses 
yielded beam tip deflections and forces consistent with ex­
perimental observations. When the "hot" arm's temperature 
is 600°C (Joule heating), the resulting beam tip deflection is 
4.55 µm.For a beam tip force of 14µN, the displacement was 

calculated to be 12.9 µm. The resonant frequency, without 
damping, was calculated to be 74.7 kHz. 

The MEMS thermally-actuated beam performance was 
also experimentally characterized. As depicted in Figure 5 ,  
when the drive voltage was varied between O and 8 VDC, tip 
deflections spanning 0-8 µm were observed. The corre­

sponding tip forces spanned 0-12 µN. The resonant fre­
quency in ambient air was 68.7 kHz. A measure of the reli­
ability of the thermal beam was established to be greater 
than 2 million cycles, when continuously operated with a 60  
Hz, 4-volt amplitude square wave. 
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Figure 1. Polysilicon thermal beam design and analytical 

relationship relating tip deflection and tip force. The 2.0 µm 

thick polysilicon thermally-dejlectable beam is suspended 

above a silicon nitride dielectric layer via the sacrificial 

glass etch process. The three dimples (square-shaped fea­

tures) positioned along the length of the wide segment of the 
beam act as nearjrictionless bearings. The inset depicts a 
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magnified view of the thermal beam's tip ("pointer" feature) 

and scale used to measure deflection. 

Figure 2. Three-dimensional solid model of the thermal 

beam generated by the lntelliCAD program. 

Figure 3. Thermomechanical performance of the thermal 

beam. With a 6 VDC drive signal, the characteristic tem­

perature of the narrow thermal beam was 600 °C. The average 

tip temperature of the wide arm was 150 °C. The resulting in­

plane deflection of the beam's tip is 4.55 µm. 

(a) 

(b) 
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(c) 
Figure 4. Electromechanical performance of the thermal 

beam. (a) Upon the application of a 14 µN force to the tip o f  

the beam (Figure 1), the resulting in-plane tip deflection was 

predicted to be 12.9 µm (the analytical model in Figure 1 

predicts a deflection of nearly JO µm.. (b) The resonant 

frequency of the thermal beam was calculated to be 74.7 kHz 

(note that the beam now deflects about its equilibrium in­

plane position). (c) The experimentally observed resonant 

frequency was 68. 7 kHz. 
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Figure 5. Plot of the thermal beam's applied direct current 

(DC) voltage versus tip deflection experimental data seg­

mented into 5 behavioral regions. (Each data symbol repre­

sents the arithmetic average of three values). Key: Region

1: Elastic mode ( buckling of the narrow width beam element

not observed). Region 2: Elastic and reversible buckling

mode. Region 3: Transition from the elastic to plastic mode

(irreversible buckling). Region 4: Plastic mode (pronounced

buckling; return to the zero-deflection position no longer

occurs). Region 5: Transition to thermal beam failure.

8 

6




