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Abstract: This paper presents the simulation of 
a chevron thermal actuator using Polyimide as 
the structural material. Joule heating is simulated 
in COMSOL for the electro-thermal micro 
actuator. The aim is to choose the optimal design 
parameters to get the largest possible in-plane 
displacement. The comparison between the 
different possible configurations will reveal the 
optimal parameters for the longest displacement. 
Our current micro fabrication process allows the 
actuator to use different metal configurations and 
choosing the best one is the goals. Generating 
heat in the actuator can change the material 
properties of polyimide and the original structure 
can be deformed without being able to come 
back to its original form. Polyimide has a 

we are interested in the maximum temperature in 
the micro actuator. 
 
Keywords: Thermal actuator, chevron actuator, 
MEMS, Polyimide. 
 
1. Introduction 
 

A common bent beam chevron actuator is 
used in order to produce displacement in a 
particular in plane direction. By using its original 
shape, the structure amplifies the thermal 
expansion of the structure material. In this work 
we expect also a bimorph effect, because we will 
be using different materials to generate the in 
plane displacement. The required heat is 
generated by joule heating [1-4]. This work 
differs in the materials typically used. 
Polysilicon has been used in other works [1], 
because it gets doped and can be used as an 
electrical conductor. Due to its good coefficient 
of thermal conductivity is an attractive material 
to be used for this purpose. In our case, we are 
trying to generate similar displacements as in [1], 
while using different material configuration. 
Electro thermal micro actuators are able to 
produce higher forces at low electrical potential 
input in comparison to electrostatic actuators, but 
the trade off is in its higher power consumption 

[5,6]. Such devices have been used in a variety 
of different applications like micro-motors [7] 
and micro mechanical switches [8], amongst 
other [9-12]. Figure 1 shows an SEM image of a 
chevron actuator mounted on a polyimide plate.  
 

 
Figure 1. SEM of two opposed chevron micro 
actuators mounted on a polyimide plate. 
 
 According to [1], the total displacement of 
the chevron actuator can be increased by design. 
Figure 2 shows a top view of a chevron actuator 
and its design characteristics.  
 

 
Figure 2. Chevron actuator design parameters. 
 

If the beam angle is decreased the total 
displacement is increased, but for very short 
angles the device performance is affected having 
unpredictable motion. One of the results we are 
interested in is the z-axis displacement because 
our device is prone to deflect upward or 
downwards, due to the inherited bimorph effect 
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caused by different material layers used in the 
process. In the next section, the device’s design 
is described.  
 
2. Structure Design 
 

The chevron actuator is a type of bending-
beam micro actuator. The structure can be 
defined with the parameters shown in Figure 2: 
Beam Length (BL), Beam Angle (BA), Offset 
(OF) and the Beam Width (BW). In Figure 3, the 
rest of the chevron features are shown.  

 

 
Figure 3. Top & Bottom view: left side of a chevron 
micro-actuator, showing its features. 

 
When a voltage is applied between both ends 

of a metal layer heat is generated and the beams 
heat up and expand. Due to the chevron shape 
the displacement is guided in plane, rather than 
buckling the beam upwards in the case of a 
straight horizontal beam with no beam angle 
(BA = 0).  
 
3. Chevron Micro Actuator Simulation 
  

The 3D model was constructed from the 
bottom to the top of the structure starting with 
the anchors, which on a chip would be attached 
to the substrate. Because the device is 
symmetrical, as shown above in Figure 2, the 
device was modeled by drawing half of it in a 
work plane and then mirrored. Four work planes 
were used, one for the anchors and dimples, one 
for the bottom metal, one more for the structural 
layer and the last one for the top metal. All the 

structure was parameterized so that we could 
benefit of testing different geometries just by 
varying the parameter’s dimension. Each work 
plane was located at different z-axis location: 
anchors at z = 0, bottom metal at z = 1.65, 
structural polyimide layer at z = 2 and top metal 
layer at z = 8. After building all the drawings, 
each work plane was extruded with their 
assigned layer thickness, Table 1 shows 
materials thicknesses. 

 
Table 1: Layer Thicknesses 

 

Layer Material Thickness 

Anchors Polyimide 2 µm 

Dimples Polyimide 2 µm 

Bottom Metal Gold 350 nm 

Structural Polyimide 6 µm 

Top Metal Nickel 350 nm 

 
The simulation was done using COMSOL 

4.4. The Electro Mechanics Module was selected 
because of the coupled physics considered for 
our problem. Our limiting factor regarding 
temperature was the polyimide layer because the 
material’ glass temperature is at 
decomposition temperature at approximately 
62  [13], according to the material process 
guide.  That means that the material will 
probably deform permanently if the temperature 
reaches its glass temperature and wont return to 
its original position decreasing its total 
displacement capability. If the material reaches 
or passes its decomposition temperature the 
organic material will become ash on the chip and 
no elastic properties would exit in the structure 
whatsoever. Therefore, we need to pay attention 
to the heat generated across the structure. 

 
 The model uses the material properties listed 
in Table 2 for the Joule Heating Model 
equations. The model is set to couple the 
involved physics phenomena in only one way, by 
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assuming constant materials properties. This 
means that the electric current through the 
actuator heats up the material, but the electric 
current is not affected by the increase in 
temperature of the device.  
 

Table 2: Used Materials Properties 
 

Gold 
Property Name Value 
Electrical 

Conductivity σ 45.6e6[S/m] 

Relative 
permeability 𝜀𝜀  6.9 

Thermal 
conductivity 𝜅𝜅 317[W/(m*K)] 

Density ρ 19300[kg/m^3] 
Heat capacity 𝐶𝐶  129[J/(kg*K)] 

Nickel 
Electrical 

Conductivity σ 13.8e6[S/m] 

Relative 
permeability 𝜀𝜀  17.305 

Thermal 
conductivity 𝜅𝜅 90.7[W/(m*K)] 

Density ρ 8900[kg/m^3] 
Heat capacity 𝐶𝐶  445[J/(kg*K)] 

Polyimide 
Electrical 

Conductivity σ 1.5e17 Ωcm 

Relative 
permeability 𝜀𝜀  2.9 

Thermal 
conductivity 𝜅𝜅 0.15[W/(m*K)] 

Density ρ 1300[kg/m^3] 
Heat capacity 𝐶𝐶  1100[J/(kg*K)] 

 
  For the boundary conditions three 
coupled physics interact between each other. In 
the Structural Mechanics physics, the anchors are 
given a fixed constraint boundary condition as a 
domain as shown in Figure 4a. The dimples 
features are given a Roller boundary condition to 
their bottom face, so that the device can slide 
along the XY plane without displacing in the z-
axis, the dimples are located in the middle of the 
chevron as shown in Figure 4b. The rest of the 
faces are set to the free boundary condition.  

 

In the Heat Transfer in Solids physics, both 
bottom faces of the anchors and the dimples are 

temperature of the substrate they would be 
attached to. The rest of the faces of the structure 
are set to a convective heat boundary condition, 
using the heat flux option for an external natural 
convection simulating the temperature of the air 
around the device with a wall height of 1 meter. 
 

 
Figure 4. Structural Mechanics boundary conditions, 
a) anchors domain have a fixed constraint boundary 
condition; b) dimples bottom faces are set to a roller 
boundary condition. 
 
 For the Electric Currents physics a terminal 
and a ground was define to pass current through 
the conductive material and to simulate the joule 
heating. After all the boundaries were properly 
selected a first simulation was run to test the 
settings. Figure 5 shows a simulation of a 
chevron actuator. The displacement is fixed to 
move in the XY plane and fixed in z = 0, due to 
the roller boundary condition.  
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Figure 5. Simulation of a chevron thermal actuator 
with configuration BA: 6 BL:100 and BW:5. Applied 
voltage 0.3 V, maximum displacement 0.7775 µm, 

 
 
 As shown in Figure 5 above, short beams 
reach high temperatures with really low voltage 
applied. This was expected because of the thin 
and short metal layer. By increasing the length 
and width of the beam the device is able to 
handle more voltage, which is needed to generate 
more displacement.  
 
 If we remove the roller boundary condition, 
COMSOL displays the bending of the beam 
towards the surface as shown in Figure 6, where 
the result is being exaggerated by 10 times to be 
able to appreciate the bent. 
 

 
Figure 6. Simulation of a chevron thermal actuator 
with configuration BA: 12 BL:200 and BW:5. Applied 
voltage 0.6 V, maximum displacement 2.0174 µm, 

 
 

 Finally a comparison between how much 
voltage can be applied for the maximum 
temperature that the device can handle is shown 
in Figure 7.  
 

 
Figure 5. Graph showing the admissible voltage to 
actuate a chevron configuration BA: 6 BL: 100 and 
BW: 5. 
 
 In the figure above it can be seen that the 
safest voltage input to the device is 
approximately 0.7 V, where the device would 
give about 3.5µm of total displacement and the 

glass transition temperature of the polyimide. 
 
 The effect of applying voltage on the bottom 
metal layer was on helping the buckling effect 
while removing the roller boundary condition. 
We should look at this effect with 
experimentation and compare if the ratio 
between metals is the appropriate. From 
experience we are aware that the by depositing 
different ratios of thickness on the structural 
layer helps removing the curvature generated 
through all the fabrication steps. 
 
8. Conclusions 
 
 From the simulations results we could see 
that there are a few disadvantages to implement 
in plane thermal actuators with our process, due 
to the bimorph effect produced by the different 
layers used for the devices. Part of the 
displacement is focused towards or opposite to 
the substrate, which could potentially create a 
miss-match when trying to interact with other 
structures on the wafer. Also, by displacing 
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towards the substrate an electrical short can be 
generated and burn the device. In general the 
chevron actuators would have a lower 
displacement using our fabrication process than 
using POLYMUMPs [1] for example. 
Nevertheless, large displacements out of plane 
can be produced and this effect can be 
implemented in a different configuration for out-
of-plane micro-structures [14-17], and 
potentially be used with our micro fabrication 
process, for the motion of sensors and actuators 
such as antennas [14] or micro mirrors amongst 
others. The next step is to fabricate these devices 
and characterize them to compare with the 
simulation results. Also we are generating new 
designs to take advantage of the bimorph effect 
for a possible controllable micro mirror. 
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