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Abstract: In this paper, a high-precision thermal linear micro actuator (LMA) with a large travel range is 
analyzed, simulated and presented. Physical functions can be performed by MEMS thanks to micro-actuators. 
The operation of various types of micro-actuators in many applications has been successful. There are two 
perspectives to categorize micro-actuators; one focused on driving forces and the other on mechanisms. Electric, 
magnetic, and flow fields can be utilized to generate force in the space between stationary and moving parts. 
The intrinsic actuation capabilities of materials like piezoelectric, magnetostrictive, and photo stretched 
materials also can be used in them. Changes in shape or volume caused by thermal expansion and phase 
transformations; such as the shape-memory effect and bubble formation are another important ways to reach a 
deformation in these types of actuators. In our proposed LMA, electro-thermal technique has been selected. The 
main components of the electro-thermal LMA proposed are substrate, slider, stopper, and forks. The slider is a 
long rectangle beam placed on a rail so that can move bidirectional, either up-ward or down-ward. A complex 
interesting technique, by using the stoppers and forks, results bidirectional movement of the slider. The stopper 
consists of arrayed electro-thermal chevrons (EC) and springy clutch. By applying a DC voltage of 1.5 V to the 
Red fork's ECs arrays, the minimum step size approximately 20 µm is achieved. Repeating steps sequentially 
generate a travel range of about 2 mm. For all simulations, the ANSYS software has been used. The LMA has 
the ability to displace heavy loads linearly and accurately. Minimum step size and large travel range of the LMA 
proposed make it useful to be used for Mirror Shape Correction application. 
 
Keywords: MEMS, Mirror shape correction, Linear micro actuator (LMA), Electro-thermal chevrons (EC), The 
slider, The stopper, The forks, The springy clutch. 

 
 
 
1. Introduction 
 

Numerous researchers have studied LMAs and 
micro-deflections extensively for the purpose of 
arranging individual elements connected to the 
slider's head in micro electromechanical systems 
(MEMS). By repeating small deflections [1, 2], it is 

possible to move a slider linearly on a rail using 
certain techniques. Electrostatic, magneto-electric, 
piezoelectric, and electro-thermal techniques are the 
most effective ways to generate these deflections. It's 
unfortunate that micro scale applications tend to 
generate electrostatic and magneto-static forces that 
are too small. The devices can be operated in a 
resonant mode or applied a high voltage to achieve a 
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large travel range and overcome this issue. The 
Piezoelectric and Electro-thermal LMAs have the 
ability to create significant propulsion forces and 
deformation. Commercial MEMS foundries typically 
don't support piezoelectric materials during their 
fabrication processes. Electro-thermal LMAs [4] 
were the reason why we were drawn to them. Low 
power consumption and a large and linear travel 
range can be achieved using electro-thermal actuators 
as a promising solution. The IC voltage is the 
standard for standardizing the operating voltage of 
these actuators, unlike electrostatic-driven actuators. 
It is now easier to design them with no strict 
dimensional tolerances. Sliders in electro-thermal 
linear actuators allow for precise movement forward 
or backwards. Microsystem devices can generate 
linear movement through a variety of techniques. To 
move sliders, the initial method involves transferring 
momentum through a series of impacts beginning 
with number  
[1, 5, 16, 17]. The second method involves 
employing impact heads and notches the edges of the 
sliders, which significantly improves grip for sliders 
with a thickness of 6 to 8 mm. In the third method, 
the gripping occurs due to the frictional contact 
between the impact heads and the slider [9, 10] and 
leads to a beneficial resolution. The focus of this 
paper is on a sophisticated electro-thermal LMA that 
can travel up to 2 mm, and has a minimum step size 
of 20 mm and a travel range of 2 mm. An LMA for 
mirror shape correction application has been reported 
by [11, 19], but it does not have favorable power 
consumption or travel range. [12] has been reported a 
bulky LMA. Compared to [12], the proposed actuator 
is lighter and can be utilized in various important 
applications. In the following sections, several issues 
related to the LMA are discussed. The actuator 
mechanism and stopper are examined in Sections 2 

and 3 with care, accuracy, and theoretical reasoning. 
The design of the slider is presented in Section 4. 
Section 5 is the conclusion. 
 
 

2. Mechanism 
 

Blue and green forks, along with the slider, 
stopper, and substrate, are all main components in 
this LMA. The schematic of the LMA can be seen in  
Fig. 1. Several EC arrays are used to move the slider 
in two directions and also release the springy clutches 
from the side wall. Two supports at an angle, known 
as 'anchors', secure the long beams that make up the 
ECs. Current passing through the beams from one 
terminal to another is what causes them to expand 
due to Joule heating. A deflection occurs in the y-
direction of mathematical axis due to thermal 
expansion; consider Red ECs as an example. 
Deflecting the EC is affected significantly by both 
the length and angle of the beams. A smaller angle 
causes a greater deflection, while a larger angle 
causes a smaller deflection  
[7, 13, 20, 25]. The substrate acts as a chassis, and 
the slider is a solid long rectangular beam that can be 
moved on the substrate. Totally, two forks are 
available, one blue and one green. As depicted in  
Fig. 1, the stoppers are located on the four locations 
of the fork surface. The stopper's composition 
consists of the springy clutch and the ECs. To 
prevent the slider from shaking and moving 
randomly, the clutches are used. Besides, the 
stopper's ECs aid in generating the required force to 
connect the clutches to the substrate side walls. All 
clutches must be touched to the side walls of the 
slider during normal mode to prevent it from moving 
or shaking. 

 
 

 
 

Fig. 1. The schematic of the LMA proposed.  



Sensors & Transducers, Vol. 264, Issue 1, February 2024, pp. 19-25 

 21

Fig. 2 (a) shows that the slider is currently in rest 
mode, indicating that the entire fork's Green and Blue 
ECs are ON or activated. ON is the term for passing 
electrical current through electro-thermal cells and 
expanding polysilicon cells utilizing Joule's law. To 
start the operation, the Green fork's ECs are ON and 
the Blue fork's ECs are OFF, as shown in Fig. 2 (b). 
Upward or downward movement is achieved by 
applying electrical signals to all EC electrodes in a 
regular and sequential manner. The Blue fork moves 
forward and the slider dribbles in an interesting way 
when the voltages of the Green-Red and Blue forks 
are turned on and off, respectively. It is important to 
note that all the clutches are the same as in Fig. 2(c) 
in the previous step. Fig. 2(d) shows that the voltages 
applied to the ECs of the Green and Blue forks will 
be ON. As the temperature rises and cools the ECs, 
the Red fork's EC voltage drops to zero, causing the 
slider to contract smoothly. Refer to Fig. 2(e). This 
contraction leads to the Blue fork deflecting 
downward and the slider moving down-trend, shown 
in Fig. 2(e). A significant travel range could be 
achieved by repeating the sequences. To achieve 
upward movement, all steps can be reversed. In Fig. 
3, you can see the schematic for the springy clutch. 
To obtain high precision and a large travel range, all 
parameters must be calculated carefully and 
separately [19, 9, 23, 24]. In short, generating a 
prototype of a complicated linear actuator 
necessitates the precise calculation, analysis of all 
dimensions, geometries, and material properties. 
Take into account which the generated friction force, 
appropriately, is enough to ensure the slider latching 
and stabilizing is successful during operation. To 
keep the sliders steady, the clutches can be fitted into 
the notches of LMAs. In these structures, despite the 
favorable force generated, resolution is limited. The 
expected resolution for these types of LMAs is 
approximately 100 nm. The LMA suggested 
reposition the slider with a force that could reach  
8 mN either forward or backward. 
 
 

 
 
Fig. 2. Operation sequences (a) normal mode, (b) the Green 
fork´s ECs are ON and the Blue fork´s ECs are OFF,  
(c) The Green-Red and Blue fork´s ECs voltages applied 
are ON; OFF, (d) the slider is getting ready to contract,  
(e) downward deflection of Red fork's Ecs. 
 
 
3. Analysis of the Stopper 

 
By analyzing an inclined beam at the center of the 

chevrons shuttle, the springy clutch can be designed. 

Taking into account node A and assume that the 
shuttle is solid, as depicted in Fig. 4. When designing 
a springy clutch, it's crucial to take important 
parameters into account. Node A is deflected by the 
force generated F electro thermally in the central 
shuttle in the y-direction, which is equivalent to [14]. 

 

 

ܷி ≡ ܷ௬ ௧௢௧௔௟஺ ൌ ܷ௬ଵ஺ ൅ ܷ௬	ଶ஺ ൌ	ൌ ܨ 12ቆ݊݅ݏ ௌߠ ௌ݈௦ܣܧ ଶ ൅ ݏ݋ܿ ௌߠ ௌ݈௦ଷܫܧ12 ଶቇ ൅	൅ܨ 12ቆ݊݅ݏ ௖ߠ ௖݈௖ܣܧ ଶ ൅ ݏ݋ܿ ௖ߠ ௖݈௖ଷܫܧ12 ଶቇ ൌ	ൌ ௦ܣܧ௦݈ܨ 12 ൬݊݅ݏ ௌଶߠ ൅ ݏ݋ܿ ௦ߛௌଶߠ ൰ ൅	൅ ௖ܣܧ௖݈ܨ 12 ൬݊݅ݏ ௖ଶߠ ൅ ݏ݋ܿ ௖ߛ௖ଶߠ ൰ 
(1) 

 
 

 
 

Fig. 3. The schematic of the springy clutch. 
 
 

 
 

Fig. 4. A beam inclined joined at the central  
of chevrons´ shuttle. 

 
 

The expression identified by 's' and 'c' is linked to 
chevrons 1 and 2, as indicated in Fig. 4. E is the 
Young's modulus of the material, while ls and lc are 
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the beam length. Ac represents the beam cross 
section and Is and Ic represents the moment of inertia 
of the cross section with respect to the out of plane 
axis z. As it said already, F is the electro-thermal 
force generated. Fig. 5 demonstrates the deflection of 
the springy clutch compared to the force applied. The 
reaction force in the x-direction is: 

 

 

ܴ௫ி ≡ ܴ௫஺ ൌ ൌ ݏ݋ܿ ௦ߠ ݊݅ݏ ௦ߠ ቀா஺ೞ௟ೞ െ ଵଶாூೞ௟ೞయ ቁ ܷ௬ଵ஺ ൅  ൅ܿݏ݋ ௖ߠ ݊݅ݏ ௖ߠ ቀா஺೎௟೎ െ ଵଶாூ೎௟೎య ቁܷ௬ଶ஺ ൌ  ൌ ܨ ௦௜௡ ఏೄ௖௢௦ ఏೄሺఊೄିଵሻଶሺఊೄ ௦௜௡ ఏೄమା௖௢௦ ఏೄమሻ ൅  ൅ܨ ௦௜௡ ఏ೎௖௢௦ ఏ೎ሺఊ೎ିଵሻଶሺఊ೎ ௦௜௡ ఏ೎మା௖௢௦ ఏ೎మሻ, 
(2) 

 
and 
 

ௌߛ  	ൌ 	 ஺ೞ௟ೞଵଶூೞ , ௖ߛ 	ൌ 	 ஺೎௟೎ଵଶூ೎  (3) 

 
 

 
 

Fig. 5. Deflection of the springy clutch  
vs. the force applied. 

 
 

The SSFF (static surface friction force) generated 
by the clutch's head is the same as: 

 
௙௥௜௖௧௜௢௡ܨ  	ൌ  ௨, (4)ܨ௦௧௔௧௜௖ߤ
 
where Fu is the elastic potential force of the beam. 
Equations (1-3) can be taken into account in a 
primitive way to calculate the SSFF. The force 
generated by the chevrons1 and the chevrons2 causes 
the springy clutch to move toward the slider side 
wall. The electro-thermal mechanism and output heat 
conduction are responsible to actuate the chevrons. 
Following equations can be used theoretically to 
explain related operation. 
 

 ܳ௢௨௧௣௨௧ 	ൌ 	െݓܭ௦݄௦ ቀడ ೞ்డ௫ ቁ௫ାௗ௫  (5) 

 
where K, ws, hs, T and x represents the thermal 
conductivity of poly-silicon, thickness, the height of 
the beams, temperature, and the fluctuating length of 
the beams, respectively. Equation (1) is substituted 
by equation (2), which means heat passing through 
thin beams. By neglecting the heat loss of the 
convection and radiation to the ambient, heat 
conduction is as following [15]: 

 ܳ௜௡௣௨௧ ൌ െݓܭ௦݄௦ ቀడ்డ௫ቁ௫  (6) 

 
By passing electrical current through the beams of 
the springy clutch: 
 
 ܳ௝ೞ ൌ ௦݆ଶݓߩ௦݄௦݀(7) ,ݔ 
ߩ  ൌ ଴ሾ1ߩ ൅ ሺߞ ௦ܶ െ ௢ܶሻሿ, (8) 
 

௦ܬ  ൌ ௏ଶఘ௟ೞ, (9) 

 
 ܸ ൌ 2݈௦ܧி, (10) 
 
where Js, ߩ, ௢ܶ, ζ and ܸ represents current density, 
resistivity; substrate temperature, the temperature´s 
coefficient, DC voltage, respectively. ௢ܶ should be 
considered 293K. Figs. 6 and 7 display the springy 
clutch's deflection in relation to the DC voltage 
applied and the release time, respectively. Fig. 8(a-d) 
shows Model meshed, the clutch deformation, 
electrical voltage and current contours, respectively. 
 
 ܳ௜௡௣௨௧ ൅ ܳ௃ೞ ൌ 	ܳ௢௨௧௣௨௧ (11) 

 
 

 
 

Fig. 6. Deflection of the clutch vs. the DC voltage applied. 
 
 

 
 

Fig. 7. The deflection of the clutch vs. the time. 
 
 

The following equation can be formulated by 
substituting Equations (5) and (7) into Equation (11) 
and by limiting dx to 0. 
 

௦݄௦ݓ௣ܭ  ቀడమ ೞ்డ௫మ ቁ ൅ ௦݆ଶݓߩ௦݄௦ 	ൌ 	0  (12) 
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The conductive cross-sectional area of the springy 
clutch is identical, so: 
 

 డ ೞ்మడ௫మ 	ൌ 	 ି௝ೞమఘ௄ , (13) 

 
 ܶሺ0ሻ 	ൌ 	ܶሺ݈௦ሻ 	ൌ 	 ௢ܶ, (14) 

 ௦ܶሺݔሻ 	ൌ 	 ఘ௃ೞೞଶ௄ ሺ2݈௦ݔ െ ଶሻݔ ൅ ைܶ, (15) 

 

 ∆ ௦ܶ 	ൌ ׬	 ்ሺ௫ሻೞି బ்ଶ௟ೞଶ௟ೞ଴ ݔ݀ ൌ 	 ௏మଷ௄ఘ 	ൌ 	 ௉ೝ௟ೞଷ௄஺ೞ  (16) 

 

 
∆ ௦ܶ௠௔௫ 	ൌ 	 ௦ܶ௠௔௫ െ ଴ܶ 	ൌ 	 ௏మଶ௄ఘ ൌ  ൌ 	1.5∆ ௦ܶ, (17) 

 
 ௥ܲ 	ൌ 	  ௥ܸ (18)ܫ
 
where ௥ܲ, ܫ௥ are electrical power and electrical 
current, respectively. Fig. 8(e) shows temperature´s 
distribution of the springy clutch. The average 
temperature of the springy clutch increases to ∆ ௦ܶ, 
and ∆ ௖ܶ, so deflection at node A in the y-direction is 
equal to [14]. By considering	∆ ௦ܶ and ∆ ௖ܶ, there is a 
compressive force ܨ∆் in the hot arms [21]: 
 

 

ܷ∆் ≡ ܷ௬೟೚೟ೌ೗஺ ൌ ൌ ∆ߙ	 ௦݈ܶ௦ ௦௜௡ఏೞ൬௦௜௡ఏೄమା௖௢௦ఏ௦ భమ಺ಲೞ೗ೞమ൰ ൅  ൅ߙ∆ ௖݈ܶ௖ ௦௜௡ఏ೎൬௦௜௡ఏ೎మା௖௢௦ ఏ௖ భమ಺ಲ೎೗೎మ൰ ൌ  ൌ ∆ߙ ௦݈ܶ௦ ௦௜௡ ఏೞ൬௦௜௡ ఏೄమା೎೚ೞഇೞమംೞ ൰ ൅  ൅ߙ∆ ௖݈ܶ௖ ௦௜௡ ఏ೎൬௦௜௡ఏ೎మା೎೚ೞഇ೎మം೎ ൰, 
(19) 

 

where α is the coefficient of the thermal expansion. 
The contour plots of clutch deflection are shown in 
Fig. 8(a) when applying a DC voltage of 1.35 volt. 
The meshed model of the springy clutch by using 
couple field elements in ANSYS software is shown in 
8(b). The reaction force generated in the x-direction 
is  
equal to: 
 

 

ܴ௫∆் ≡ ܴ௫೟೚೟ೌ೗஺ ൌ ൌ െߙ∆ ௦ܶܣܧ௦ ௖௢௦ ఏೞ൬௦௜௡ ఏೞమ ಲ೗ೞమభమ಺ೞା௖௢௦ ఏೞమ൰ െ  െെ ∆ߙ ௖ܶܣܧ௖ ௖௢௦ఏ೎൬௦௜௡ఏ೎మ ಲ೗೎మభమ಺೎ା௖௢௦ ఏ೎మ൰ ൌ  ൌ െߙ∆ ௦ܶܣܧ௦ ௖௢௦ ఏೞሺ௦௜௡ఏೞమఅೞା௖௢௦ఏೞమሻ െ  െെ ∆ߙ ௖ܶܣܧ௖ ௖௢௦ ఏ೎ሺ௦௜௡ఏ೎మఅ೎ା௖௢௦ ఏ೎మሻ  
(20) 

 
When considering the clutch release time, the 

total deflection is: 
 

 ܷ୼்ାி ൌ ൫ܷ୼் ൅ ௦ܷி൯ ൅ ሺ ௖ܷ୼் ൅ ௖ܷிሻ (21) 
 
Total stiffness is: 

 ܷ௱்ାி ൌ ሺଶఈ∆ ೞ்ா஺ೞ ௦௜௡ ఏೞାிሻାሺଶఈ∆ ೞ்ா஺ೞ ௦௜௡ ఏೞାிሻ௄೟್ , (22) 

 

 
௧௕ܭ ≡ ி௎ೞಷ ൅ ி௎೎ಷ ൌ 

ଶ൬ୱ୧୬ఏೞమାౙ౥౩ഇೞమംೞ ൰ா஺ೞ௟ೞ ൅  ൅ଶ൬ୱ୧୬ఏ೎మାౙ౥౩ഇ೎మം೎ ൰ா஺೎௟೎   

(23) 

 

 
 

 
 
Fig. 8. Model meshed (a), the clutch deformation (b), the DC voltage (c), electrical current (d), temperature distribution (e), 

Stress counter of the clutch (f). 
 
 

The expressions above can be approximated to 
the following: 
஺்ܭ  	ൌ 	2 ൈ ௧௕ܭ݉ ൅ 2 ቀ݊݅ݏ ௖ଶߠ ൅ ௖௢௦ ఏ೎మఊ೎ ቁ ௖݈௖ିܣܧ ଵ, (24) 

்∆ܨ  ≅ ∆ߙ ௦ܶ݊݅ݏ ௦ଶߠ ଵ௦ଶܮ௦ܫܧ12 ൅ ∆ߙ ௖ܶ݊݅ݏ ௖ଶߠ ଵ௖ଶܮ௖ܫܧ12  (25) 

 

ଵ௦ܮ ൌ ߙ0.5 ௅ೞୡ୭ୱఏೞ , ଵ௖ܮ ൌ ߙ0.5 ௅೎ୡ୭ୱ ఏ೎ ,݉	 ൌ 	2  (26) 

 
By compressing the springy clutch, approximately 

5 m, a force of 40 mN can be generated. The two 
clutches have a total SSFF of 80 mN, by assuming 
the SSFC is roughly 0.2 [22]. Equation (4) allows the 
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slider to generate propulsion upward or downward 
force about 16 mN which guarantee the sider stability 
during operation. In other words, if the slider's 
propulsion forces exceed the total clutch's friction 
force, the grip would be faulted. A force of 80 mN 
can be achieved by applying a DC voltage of 1.25 
volt. Fig. 8(f) illustrates the stress contours of the 
clutch that are less than 0.57 GPA due to the applied 
voltage which causes a deflection of approximately 
7.9 µm. 
 
 

4. Analysis of the Blue fork´s ECs 
 

Equations of Section 3 are used to design the ECs 
of the Red fork. The couple field elements of ANSYS 
software are used to mesh the model and the  
electro-thermal analysis to be carried out. Table 1 
shows the material properties of poly-silicon. The 
slider has a stroke of 2 µm when using a voltage of  
1.5 V, as shown in Fig. 9.  

 
Table 1. The Polysilicon properties used in the simulation. 

 

Para Value Unit 

Dens 2.33 pg. μmିଶ 

Ex 169 pg. μmିଵnsିଶ 

Prxy 0.28 – 

Th ex 2.6eି଺ ℃ିଵ 

Res eଽ μm.Ω 

Thermal conductivity 14.9eିହ pg. μm. nsିଷ℃ିଵ 
 
 

The slider's deflection in relation to the force 
applied and time is shown in  
Figs. 10, 11. The temperature of the entire machine 
considers 293 K. Applying the appropriate voltage 
can result a minimum step size of 20 µm. The 
sequences can be repeated to achieve a large travel 
range, as demonstrated in Fig. 2. The contours of the 
deflection, stress, and temperature distribution in the 
Blue fork are shown in Fig. 12 (a-c), respectively. It 

should be noted that the stopper can be separated 
from the Blue fork's body in terms of electrical and 
thermal issues. The neighborhood of the stopper and 
the Blue fork electrical circuits can lead to an error. 
The SIO2 could be utilized to separate boundaries. 
 
 

 
 

Fig. 9. Deflection of the LMA´s red fork vs. the DC  
voltage applied. 

 

 
 

Fig. 10. The force required to deform the LMA´s red fork. 

 

 
 

Fig. 11. Deflection of the red fork´s vs. the time. 

 
 

 
 
Fig. 12. The contour of the blue and red fork´s deflection (a), the contours of the stress (b), the temperature distribution (c). 

 
 

5. Conclusion 
 

A favorable propulsion upward or down-ward 
force can be generated by the LMA, which can cause 

it to displace heavy loads on the micro and millimeter 
scales. By repeating sequences, the LMA can reach 
large travel ranges and has a minimum step size of  
20 µm, which is useful for mirror shape correction 
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applications. The upward or downward propulsion 
force is approximately 8 mN when using a DC 
voltage equal to 1.5 volt. 
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