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1. INTRODUCTION 

A MEMS based electro thermal actuator is a micro 

device which, works on the principle of Peltier 

effect. According to the Peltier effect, in case of 

electrothermal actuator, actuation is a result of the 

conversion of applied voltage into thermally 

induced mechanical motion. When materials 

connecting two junctions are maintained at different 

potentials forming a loop results in a temperature 

gradient. This temperature makes materials to 

thermally expand leading to a mechanical motion 

[1]. Typically, thermal expansion on one part of the 

device creates a large deflection at the other part. 

The working principle and types of the 

electrothermal actuators are discussed in Section II.  

The paper discusses the simulation-based 

analysis of the MEMS based electrothermal 

actuator.  In the paper u shaped vertical and 

horizontal electrothermal actuators are simulated. 

These actuators work based on the Peltier effect i.e. 

when an unequal voltage is applied at two junctions  

 

 

 

 

 

 

 

 

containing a loop, it produces a temperature. The 

resulting temperature thermally expand the material 

creating an actuation. In the paper two vertical 

electrothermal actuators are simulated. In the work 

presented here, u shaped vertical as well as 

horizontal electrothermal actuators are modeled and 

simulated. The critical parameters such as 

displacement and temperature at different levels of 

applied voltage are analyzed. The simulation results 

show that horizontal actuator provides better 

actuation compared to the vertical electrothermal 

actuator displacement. These actuators are potential 

can be used in robotic applications. The actuators 

simulated here can be used in the robot legs to 

create the motion.  

 

1.1.Working of Thermal actuator 
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In thermal actuators the presence of temperature 

gradient allows the heat transfer by atomic 

vibrations. This is much similar to an electrical 

voltage producing an organized movement of 

charges. An electric potential is applied between to 

junctions connected by a small cross-section 

material, which in turn produces a small 

temperature gradient. This temperature gradient 

produced inside the loop with materials connecting 

two junctions, creates an expansion in the material 

leading to displacement. Thermal 

actuators convert thermal energy into motion.  

 A typical U-shaped electrothermal (et) actuator 

is shown in Fig. 1. Typically, it has two contact 

pads used for applying electrical voltage. Two 

beams are connected to these two pads and they are 

in turn connected as shown in Fig. 1. A thicker arm 

is known as cold arm and the thinner arm is a hot 

arm. The whole working of the device depends on, 

creating a temperature difference between a hot arm 

and cold arm. The cold arm does not expand as 

much as hot arm. The cold arm has less temperature 

compared to the hot arm. The temperature is low in 

cold arm because of the reduction in Joule heating 

in the cold arm, because of decrease in electrical 

resistance due to the increase in cross-sectional area.  

The resistance will be high in thin arm, due to 

which the heating will be high and it expands 

highly compared to the thick arm [2]. The image 

shown in the Fig. 1, is a u shaped horizontal 

electrothermal actuator, which deflects in the 

horizontal plane.   

 
Fig1. U shaped thermal actuator. 

 

Fig.2, describes the other model which works on 

the same principle but produces deflection in 

vertical plane (plane normal to the plane containing 

the contact pads). In the model shown in Fig.2, the 

deflection occurs in the vertical directions. Here the 

number of hot and cold arms are increased to 

achieve better temperature hence the deflection. 

 The above to actuators can be potentially 

used the robotic applications. In robots these can be 

used in the legs, as the application of potential can 

create the displacement hence the robotic 

movement. As soon as the applied potential is 

removed the actuation is released.     
 

 
Fig. 2. Vertical et actuator  

 

II. RELATED WORK 

Micro/MEMS based electrothermal actuators are 

gaining increasing attention over the past several 

decades. V shaped micro electrothermal actuator is 

very popular. The V-shaped thermal Actuator has a 

parallel beams, with a slope angle of (π−α) defining 
movement direction of the peak of the beams. The 

voltage of the beams is in the form of square pulses 

or half cycle of sine waves. In the actuation phase 

(half of the first cycle), the voltage is applied on 

bond pads, the current runs through the beams thus 

heating the beams and causing expansion and 

creating vertical displacement. In V-shaped 

electrothermal actuators, the thermal expansion 

caused by joule heat pushes the apex outward when 

the electric current passes through the beam fixed 
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by its anchors. The desired output force and 

displacement are obtained by adjusting the electric 

input parameters [3]. 

The temperature of the finite difference 

node represents the average temperature of the 

element [4]. Paper [5] discusses about the analysis 

of the actuator using square pulse voltages, with 

amplitude of 20V and frequency from 1 to 30Hz. 

The simulation outcomes show that the deflections 

are exactly the physical nature of the subject and 

are suitable with the simulation outcomes in the 

software Ansys. Article in [5] describes that the use 

of cascaded V shaped electrothermal actuator. The 

displacement of the cascaded V-shaped 

electrothermal actuator is proportional to the 

temperature. In certain cases, actuator displacement 

increased by more than 50% (up to 100%) of the 

initial displacement, while for other cases it 

decreases by more than 25%.   

Polysilicon grain transformations are 

observed over extended operation at high 

temperatures.  Performance changes are correlated 

to material properties using SEM and TEM images. 

increment and beam length, but is inversely 

proportional to the beam width [6]. The use of bent-

beam electrothermal actuators for the purpose of 

generating rotary and long-throw rectilinear 

displacements are discussed in [7]. The rotary 

displacements are achieved by orthogonally 

arranged pairs of cascaded actuators that are used to 

rotate a gear. Care should be taken while deciding 

the materials for the actuators because, the original 

structure can be deformed without being able to 

come back to its original form [8]. 

 In the work presented here, u shaped 

vertical as well as horizontal electrothermal 

actuators are modeled and simulated. The critical 

parameters such as displacement and temperature at 

different levels of applied voltage are analyzed. The 

model details of the models simulated are described 

in Section III.  
 

III. MODEL OF ELECTROTHERMAL 

ACTUATOR 

The section presents the simulation models of the 

two electrothermal actuators.  

1.U shaped horizontal electrothermal actuator. 

Material properties used are listed in Table 1. The 

simulation model of the u shaped horizontal 

electrothermal (et) actuator is shown in Fig. 3. A 

notch is used at the beginning of the thick arm in 

the et actuator, which enhances the performance. 

Fig. 4, presents the model of U shaped vertical 

electrothermal actuator. The number of arms is 

increased to achieve better temperature gradient and 

hence the displacement. The material and material 

properties used for vertical et actuator are same as 

described in Table 1.  
 

Table. 1. Material properties used for the u shaped horizontal 

electrothermal actuator 

Sl. No. Property  Value 

1. Youngs modulus 160x10
9
[Pa] 

2. Poison’s ratio 0.22 

3. Density 2320[kg/mx10
3
] 

4. Thermal Conductivity 34[W/(m*K)] 

5. Coefficient of thermal expansion 2.6x10
6
[1/K] 

6. Relative permittivity 4.5 

7. Electrical Conductivity 5x10
4
 S/m 

 

 

 
Fig. 3. Model of U shaped electrothermal actuator 
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Fig. 4 Model of the vertical electrothermal actuator 

 

Fig.5, presents the model of the U shaped vertical 

electrothermal actuator with two arms. Dimensions 

used in model shown in Fig. 4 are used here, but the 

number of arms is reduced. In all the model’s 

polysilicon material is used. Polysilicon is used 

because of the inherent advantages that it has to 

offer. When we talk about high temperature 

polysilicon is better preferred over the single crystal 

silicon.   
 

 
Fig. 5 Model of the vertical electrothermal actuator with two arms 

 

IV. RESULTS AND DISCUSSIONS 

. Fig. 6. presents the simulation plot of the 

horizontal electrothermal actuator. The plot shown 

in Fig. 6 shows the displacement of the actuator at 

applied potential of 58 V. The displacement is 

274.09μm. Although the model is simulated for the 
applied voltage ranging from 1 to 58 V. The model 

is analyzed for the parameters like displacement 

and temperature against the applied voltage. The 

corresponding values of the displacement against 

the applied potential is listed in Table 2.  In Table 3 

the temperature variations against the applied 

voltage is tabulated. The tabulated temperatures are 

not distributed over the entire model, the results 

tabulated in Table 3 are maximum values observed 

at the hot arm. One such sample used to observe the 

temperature is presented in Fig. 7.  
 

 
Fig. 6. Model of U shaped electrothermal actuator 

Table. 2. Displacement values of the u shaped electrothermal actuator 

against applied voltage 

Voltage in volts Displacement in µm 

1 0.1338 

5 3.3391 

10 13.27 

15 29.501 

20 51.418 

25 77.937 

30 107.48 

35 138.3 

40 169.07 

45 199.13 

50 228.41 

55 257.08 

58 274.09 

 

Table. 3. Temperature values of u shaped electrothermal actuator 

against applied voltage 

Voltage in volts Temperature in (℃) 
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1 31.501 

5 307.52 

10 1170.1 

15 2607.7 

20 4620.3 

25 7209.9 

30 1.0371× 104 

35 1.4108× 104 

40 1.8421× 104 

45 2.3309× 104 

50 2.8772× 104 

55 3.481× 104  

58 3.870×104 

 

 
Fig. 7. Model of U shaped electrothermal actuator showing 

temperature distribution 

 

The corresponding displacement and temperature 

graphs are presented in Fig. 8 and Fig. 9.  
 

 
Fig. 8. Temperature (℃) v/s applied voltage (V) 

 

 
Fig. 9. Displacement (μm) v/s applied voltage (V) 

 

Fig. 10 presents the simulated model of vertical 

electrothermal actuator for the variation in the 

displacement against the applied voltage of 50 V. 

The result shown that the displacement level 

obtained for 50 V applied voltage is around 88.8 

μm.  Fig. 11 presents the plot of temperature against 
the applied voltage of 50 V. The maximum 

temperature observed at this voltage is 4.2x10
4
 ℃. 

The corresponding values at every level of applied 
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voltage against displacement and temperature 

graphs are shown in Fig. 12 and 13 respectively.    

 

 
Fig. 10. Displacement (μm) v/s applied voltage (V) 

 

 
Fig. 11. Temperature (℃) plot at applied voltage (V) of 50 V. 

 

The values of displacement and temperature for 

vertical electrothermal actuator are tabulated in 

Table 4 and 5 respectively.   

 Fig. 14 presents the displacement plot of the 

vertical electrothermal actuator with two arms. The 

maximum displacement observed at the applied 

voltage of 35 V is described in Fig. 14. The 

temperature against the applied voltage plot is 

described in Fig. 15. The model shown in Fig. 15 is 

the same described in Fig. 14. The maximum 

temperature observed for a vertical electrothermal 

actuator with two arms is 4.2x10
4
 ℃ at an applied 

voltage of 35 V. The comparison of displacement 

and temperature at 35 V of the all models discussed 

are enlisted in Table 6 and 7.  From the comparison 

table 6 and 7 it can be observed that, displacement 

is high in U shaped horizontal electrothermal 

actuator for an applied potential of 35 V. And the 

two-arm vertical electrothermal actuator has higher 

displacement compared to the multiple arm vertical 

electrothermal actuator. But of all the simulated 

models U shaped horizontal electrothermal actuator 

provides almost the double displacement compared 

to the other two.  It can be observed from the table 

that the two-arm vertical electrothermal actuator 

has a very high temperature gradient at 35 V of 

applied potential. This clearly shows that for a 

small temperature the U shaped horizontal 

electrothermal actuator provides the displacement 

twice that of the two vertical electrothermal 

actuators.   
 

 
Fig. 12. Temperature (℃) v/s applied voltage (V) 
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Fig. 13. Displacement (μm) v/s applied voltage (V) 

 

For comparison of the performance of all the three 

models a common bias voltage of 35 V is 

considered. Because due to high temperature 

gradient in the two vertical electrothermal actuators, 

the material or arms undergo plastic deformation 

after 35 V, whereas, the U-shaped horizontal 

undergoes the plastic deformation after 58 V of 

applied voltage to the contact pads. Plastic 

deformation refers to the unrecoverable 

deformation. In this case the unrecoverable 

deformation is mainly because of the excess 

temperature gradient.  
 

Table. 4. Displacement values of the u shaped vertical electrothermal 

actuator against applied voltage 

Voltage in volts Displacement in µm 

1 0.1058 

5 2.642 

10 10.208 

15 20.641 

20 31.569 

25 42.155 

30 49.797 

35 60.1 

40 69.979 

45 79.53 

50 88.80 

53 93.78 

 

Table. 5. Temperature values of u shaped electrothermal actuator 

against applied voltage 

Voltage in volts Temperature in (℃) 

1 37.09 

5 447.23 

10 1729.3 

15 3865 

20 6857 

25 1.07x104 

30 1.54x104 

35 2.09x104 

40 2.7x104 

45 3.4x104 

50 4.2x104 

53 4.62x104 

 

 
Fig. 14. Displacement (μm) of two arm vertical et at 35V of applied 

voltage 

 

 
Fig. 15. Temperature (℃) of two arms vertical et at 35V of applied 

voltage 
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Table. 6. Temperature values of all the simulated models against the 

applied voltage 

 

Voltage 

in volts 

Temperature in (℃) 

Horizontal et 

actuator 

Vertical et 

actuator 

multiple arms 

Vertical et 

actuator with 

two arms 

35 V 1.4x104 2.09x104 4.1x104 

 
Table. 7. Displacement values of all the simulated models against the 

applied voltage 

 

Voltage 

in volts 

Displacement in (μm) 
Horizontal et 

actuator 

Vertical et 

actuator 

multiple arms 

Vertical et 

actuator with 

two arms 

35 V 138.3 60.1 65.235 

 

V. CONCLUSION 

Three models viz., U-shaped horizontal 

electrothermal actuator, multiple arm U-shaped 

vertical electrothermal actuator and two arm U-

shaped vertical electrothermal actuator are modeled 

and simulated in the work. All the models are 

subjected to the FEM analysis using COMSOL 

Multiphysics. The displacement and temperature 

gradient of the actuators are considered as an 

important performance parameter for the analysis. 

The results show that the displacement and 

temperature values obtained are in line with the 

principles of operations in such actuators. Both 

displacement and temperature gradient are linearly 

varying with the applied voltage.  Comparing the 

results obtained, displacement is high in U-shaped 

horizontal electrothermal actuator for an applied 

potential of 35 V. And the two-arm vertical 

electrothermal actuator has higher displacement 

compared to the multiple-arm vertical 

electrothermal actuator. But of all the simulated 

models, U-shaped horizontal electrothermal 

actuator provides double displacement compared. It 

can be also observed that, the two-arm vertical 

electrothermal actuator has a very high temperature 

gradient at 35 V of applied potential. This clearly 

shows that for a small temperature the U-shaped 

horizontal electrothermal actuator provides the 

displacement twice that of the two vertical 

electrothermal actuators.  

 The point that can be taken form the 

simulations carried out that, the U-shaped 

horizontal electrothermal actuator can be very 

efficiently used in the robot legs for its movement 

as it provides better displacement at smaller input 

voltages. Voltages up to 15 V will provide a 

considerable displacement of around 13μm.  
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