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Abstract—A microrobotic leg actuated with amplifying 

mechanisms is developed in this paper to mimic the motion 

of legs in natural organisms on the small scale. The leg 

device has a planar structure and is fabricated with bulk 

micromachining. Two electrothermal actuators are used to 

drive the leg back and forth in the planar workspace. The 

actuator motion is transmitted elastically to the leg using 

flexible arms. The leg mechanism has a symmetrical 

structure similar to standard parallel planar manipulators 

but with deformable parts instead of joints. The motion of 

the leg at the tip side is further amplified by blocking its 

motion at the other side using stoppers, resulting in an 

extended range of motion at the leg tip. Finite element 

simulations and experimental tests on fabricated prototypes 

demonstrated the efficient operation of the proposed design. 

The unique characteristics of the proposed leg mechanism, 

including large force and displacement, multiple degrees of 

freedom, and compatibility with micromachining, enhance 

the power, control, and mobility autonomy of legged 

microbots. 

 
Index Terms— Micro/Nano Robots, Compliant Joints 

and Mechanisms, Soft Sensors and Actuators. 

I. INTRODUCTION 

The development of microrobots walking around and 

performing robotic and collaborative tasks has been 

exciting for researchers for more than 30 years [1]–[5]. 

The developed microrobots still suffer from limited 

performance compared to the advantageous capabilities 

of natural organisms on the same scale. More 

specifically, microrobots lack autonomy and self-

intelligence in power, control, and mobility [1]. An 

autonomous microrobot in an ideal scenario would have 

the ability to carry the weight of its energy supplies 

(power autonomy), follow different trajectories within an 

unknown environment (control autonomy), and traverse 

unknown and rough terrain (mobility autonomy). 

Power can be delivered to a mobile microrobot, either 

off-board through a physical tether with the external 

environment, or by allocating space for power sources 

onboard the microrobot [2]. In most cases, small-scale 

robots cannot carry the weight of their energy supplies 

[1]. The energy required by microscale actuators to 

generate motion in microrobots for a reasonable amount 

of time is often higher than the energy stored in batteries, 

capacitors, or chemical fuels of the same size as the 

microrobot. Thus, the power delivery to microrobots is 

primarily through tethers with the environment (through 

wiring [6] or magnetic [7], electric [8], light [9], acoustic 

[10], or chemical [11] fields). Another challenge for 

certain actuator types (i.e., electrostatic and 

piezoelectric) is to match the voltage and current levels 

between the energy sources and actuators [12], [13].  

Open-loop control has been proposed to improve the 

autonomy of microbots [14], [15]. These control methods 

remain limited to certain actuators and for specific 

circumstances. A complete control autonomy requires 

the integration of proper sensors and electronics onboard 

the microrobot for local control of the actuators and 

global control for the microrobot motion.  

The mobility autonomy in legged microrobots 

primarily depends on the locomotion mechanism of the 

leg and its capacity to move independently in different 

directions at different speeds. The leg locomotion 

includes several consecutive phases repeated at each step 

of the leg. In general, the leg lift-off moves forward in the 

motion direction, lands on the ground, and moves back to 

push the microrobot one step forward. The lift-off and 

landing steps require a vertical or inclined motion relative 

to the ground. This motion is performed by out-of-plane 

actuators [11], [16]–[23], in-plane actuators with joints or 

torsion hinges for out-of-plane deformation [20], [24], 

[25], folded structures [17], [18], [21], [26]–[28], and 

multichip assembly [6], [7], [29]–[36].  

In folded and assembled microrobots, different 

components are fabricated on a planar structure, then 

folded (or assembled with other chips) to build a three-

dimensional (3D) structure. The legs in this 3D structure 

are directed vertically (or with some inclination) and 

directly contact the ground. The legs in legged 

microrobots are either driven by a single actuator for one 

or more legs or rarely by two actuators to control each leg 

locomotion [30]. Using more actuators adds degrees of 

freedom for the leg motion and allows different 

trajectories for the leg. 

The main contribution of this work is a novel design 

for a microrobotic leg with interesting characteristics, 

including compatibility with micromachining, multiple 

degrees of freedom, and large force and displacement. 

The leg can move at different speeds and in different 

directions inside its planar workspace. The leg 

mechanism has a monolithic and symmetric structure, 

resulting in a symmetric workspace relative to its middle 

axis. The leg can move and carry loads similarly in the 

forward and backward directions of motion, and the leg 
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motion is amplified with several internal mechanisms, 

resulting in a large workspace. The leg is designed to be 

implemented in folded or assembled legged microrobots, 

where the leg is vertically directed to interact with the 

ground at its tip. A microrobot with several of these legs, 

actuated differently in parallel, can complete attractive 

locomotion, such as walking, running, jumping, 

climbing, and overcoming obstacles. These 

characteristics enhance the mobility autonomy of legged 

microrobots compared to those in the literature. 

The leg mechanism is actuated electrothermally using 

V-shaped actuators: one actuator on each side of the leg. 

The actuator motions are transmitted to the leg in the 

middle using flexible arms, resulting in a 2D planar 

motion at the leg tip. The leg motion on the support side 

is bounded between two stoppers. After a slight 

displacement, the leg contacts with one of the stoppers 

and rotates with a lever effect, which expands the 

workspace in the motion direction. The parallel structure 

of the leg mechanism, and the use of V-shaped actuators 

and amplifying mechanisms create a solid structure for 

the device, and allow large forces and displacements 

compared to other leg mechanisms on the same scale. 

This structure helps microrobots have long trajectories 

while holding large loads, including onboard power 

sources, electronic circuits, and sensors. 

The leg device is fabricated on silicon wafers. Silicon 

is one of the most abundant materials on Earth, and its 

fabrication process is well developed on the micro- and 

nano-scales. Silicon is the primary material used to 

fabricate electronic circuits, nano- and micro-

electromechanical system (N/MEMS) sensors, 

photovoltaic cells, and capacitors for energy storage. 

This material allows microrobotic designers to directly 

fabricate all power and control units on the same chip of 

the leg device. Thus, the significant force/displacement 

capabilities and silicon material in the leg device 

indirectly enhance the power and control autonomy of a 

microrobot with the proposed leg mechanism.  

The design of the leg mechanism is first presented in 

Section II. Finite element simulations are developed in 

this section to demonstrate the efficiency of the internal 

amplifying mechanism in expanding the workspace. The 

fabrication process is explained in Section III. 

Experiments on microfabricated prototypes are presented 

in Section IV, exhibiting excellent agreement with the 

finite element simulations and efficient operation, as 

expected in the design. 

II. LEG MECHANISM DESIGN 

Planar fabrication methods, such as bulk and surface 

micromachining, have high resolution and are commonly 

used to fabricate microsystems. A MEMS fabricated 

using these methods must have all components on the 

same (multi)planar structure. A motion can be induced in 

such systems based on deformable actuators and 

compliant mechanisms. The deformable structure usually 

consists of thin beam-based mechanisms for planar 

deformation or thin layer-based mechanisms for out-of-

plane deformation. The leg device proposed in this paper 

is based on bulk micromachining and can generate in-

plane motion in two dimensions to mimic the leg motion 

in natural walking organisms. The layout for the leg 

device is illustrated in Figure 1. 

 
Figure 1. Layout for the leg mechanism consisting of the leg, 

actuators, flexible arms, and contact mechanism to amplify rotation. 

The leg device has a symmetrical structure allowing 

the leg to perform motion at different speeds and 

magnitudes in each direction. The leg mechanism has a 

planar and monolithic structure and consists of a leg 

manipulated using two flexible arms at a 45° angle 

clockwise and counterclockwise from the vertical axis of 

the leg. Each flexible arm is connected to a V-shaped 

actuator and transmits the motion of each V-shaped 

actuator to control the position of the leg tip. A small 

notch housing the top side of the leg serves as an 

amplifying mechanism for displacing the leg tip by acting 

as the fulcrum of a third-class lever. 

A. V-shaped Actuator 

The V-shaped actuator (Figure 2)—a set of thin 
inclined beams connected symmetrically to a middle 
shuttle that can output a lateral force or a linear deflection 
when the beams expand thermally—has been among the 
popular MEMS actuators since its first demonstration in 
the late 1990s [37], [38]. The V-shaped actuator has 
multiple advantages for the microrobotic applications: 

1) Performance: The capacity of the V-shaped 

actuator to supply large forces and displacements 

compared to other actuators on the microscale, and its 

ability to be stacked in parallel (Figure 2(b)) to increase 

force output allows it to adapt to different design 

requirements imposed by the microrobot. Examples of 

such requirements include the robot’s step size and 

ability to lift the microrobot weight and onboard units. 
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2) Manufacturability: The V-shaped actuator can be 

fabricated easily due to its simple design, monolithic 

structure, and compatibility with the standard 

microfabrication process. 

3) Robustness: The parallel structure of the actuator 

makes it solid and reduces its risk of failure, especially in 

harsh conditions, such as when the microrobot uses these 

actuators for locomotion. Even though the actuator 

operation principle is based on temperature gradient, the 

influence of environment temperature remains limited as 

the local temperature increases to high values during 

functioning. Compared to electrostatic actuation, the 

other common actuation technology compatible with 

micromachining, stiction problems leading to the failure 

of the actuator can be avoided in the V-shaped 

actuator [30]. 

4) Controllability: The behavior of the V-shaped 

actuator is well studied in the literature [39], [40], 

exhibiting a direct and proportional relationship between 

the electrical input and displacement/force outputs of the 

actuator. The mathematical models from the literature 

can be implemented easily to control these actuators to 

follow trajectories over time with little to no difficulty. 

5) Implementation: A simple electronic circuit is 

required for control due to the low voltage requirement. 

This simplifies the onboard circuit required for 

autonomous microrobotic locomotion. 

 
Figure 2. Schematic of a V-shaped actuator in (a) single configuration 

and (b) parallel configuration. (c) Microscopic image of the V-shaped 

actuator in the microbotics leg device. 

Two V-shaped actuators with 13 parallel stacked units 
(Figure 2(c)) were used to design the leg mechanism to 
achieve 2 degrees of freedom for the leg motion in its 
plane, allowing for a larger workspace. The V-shaped 
actuators are controlled electrothermally using Joule 
heating by applying a voltage difference across the two 
terminals. Each V-shaped actuator has a span l = 3 mm, 
in-plane thickness t = 17 µm, initial middle height h = 
17 µm, and out-of-plane depth b = 25 µm (Figure 2(a)). 

B. Flexible Arms 

The flexible arms are two deformable beams serving 

as a mechanism to transmit the deflections and forces 

from the V-shaped actuator to the leg. Each deformable 

beam has a length of 1.56 mm and a width of 15 µm and 

connects a V-shaped actuator to a side of the diamond 

base of the leg at a 45° angle. Each flexible arm bends 

when the V-shaped actuator supplies a lateral force or 

deflection, and the resulting deformation from each of the 

beams causes the position of the leg to change, depending 

on the amount of deformation experienced by each side. 

C. Leg 

The leg is a long, wide beam with a diamond-shaped 

section near its base to connect it to the two flexible arms. 

The leg is extended on top of its diamond base to allow 

contact with the support side of the device and amplify 

the leg rotation. This beam is assumed to be rigid because 

of its large width relative to the width of the other 

components. The displacement at the tip of the leg after 

its rotation is proportional to the leg length. The leg used 

in the experiments is 2.19 mm long and 100 µm thick. 

This leg has been deliberately made large to avoid 

buckling due to the microrobot’s weight and load when 

walking on the ground. 

D. Amplifying Mechanism 

The amplifying mechanism at the bottom side of the 

leg consists of two stoppers bounding the horizontal 

displacement of the leg at the stoppers level. Figure 3 

shows a zoom on the contact area between the stoppers 

and the bottom of the leg. The stopper has a triangular 

shape with protruding contact point (Figure 3(a)). The leg 

undergoes a slight rotation of angle when the actuators 

are asymmetrically activated at close input values (Figure 

3(b)). When one actuator dominates, the leg moves 

further horizontally till reaching contact with one of the 

stoppers. The contact between the leg and the stopper 

amplifies the rotation angle for the leg and its motion 

range by acting as the fulcrum of a third-class lever. This 

contact dramatically increases the distance traveled by 

the other side of the leg and the workspace area (Figure 

3(c)). The rotation angle of the leg is limited by the 

contact with the second stopper (Figure 3(d)). 

 
Figure 3: Schematic of the amplifying mechanism, consisting of the 

leg (red) and two stoppers (gray), (a) at rest, (b) when the leg moves 
slightly without contact with the stoppers, (c) when the leg contacts 

one stopper leading to an amplified leg rotation, and (d) when the leg 

rotation reaches a maximum at the contact with the second stopper. 
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Simulations are performed with and without the 

amplification mechanism to demonstrate its capacity to 

enlarge the workspace, as illustrated in Figure 4. 

 
Figure 4. (a) Finite element simulation setup. (b) Displacement of the 
flexible arm ends during simulation. (c) Deformable structure during 

simulation in different positions. (d) Comparison between the leg tip 

displacements with and without the contact mechanism. 

The simulations are performed on Ansys finite 

element analysis (FEA) software based on planar 

structural elements (Plane82). The contact between the 

leg and protruding edges was simulated using surface-to-

node elements without considering friction forces. 

Silicon material properties are considered with a Young’s 

modulus of 169 GPa and a density of 2330 Kg∙ m−3. The 

device thickness is 25 µm, the same thickness as the 

device layer in the fabricated devices. The other 

dimensions are clarified in the previous subsections. The 

simulation is created by applying the deflections 𝑑1 and 

𝑑2 produced by each V-shaped actuator on the 

deformable beams, and observing the variation in the leg-

tip horizontal (Δ𝑥) and vertical (Δ𝑦) displacements 

(Figure 4(a)). The simulation was done in two steps: first, 

incrementally increasing 𝑑1 until a maximum value 

(100 µm) is reached, then incrementally increasing 𝑑2 

until reaching the same maximum value (Figure 4(b)). 

This method deflects the leg tip on the positive sides of 

Δ𝑥 and Δ𝑦. The trajectory on the other side of the 

workspace was deduced by symmetry (Figure 4(d)). The 

simulation in Figure 4(d) indicates that the contact 

mechanism greatly increases the workspace of the leg.  

The simulation with the amplifying mechanism in 

Figure 4 is repeated considering several maximum 

deflection values for d1 and d2, as illustrated in Figure 5. 

The trajectory traveled by the leg increases for higher 

values of d1 and d2. These values are proportional to the 

electrical inputs on the actuators. 

 
Figure 5. Trajectories for the leg obtained in finite element simulations 
for several deflections of the flexible arms ends (d1 and d2). The same 

input variation in Figure 4 is followed. The legend indicates the 

maximum of d1 and d2 in each trajectory. 

E. Leg Stiffness 

The stiffness of the leg mechanism is further analyzed 

based on FEA simulations. The simulation results in 

Figure 6 show the variation of the leg tip displacement 

(Δx and Δy) with forces applied horizontally and 

vertically on the leg tip. The complete structure of the leg 

mechanism, including the actuators, is considered in the 

simulations. The actuators are activated either from one 

side only (configuration p2) or simultaneously from the 

two sides (configuration p3). The potential difference 

applied on the actuators is set at 13.45 V. This increases 

the maximum temperature in the actuators to 650 ℃ 

which is the temperature limit for Silicon in the design. 

 
Figure 6. Curves based on FEA simulations for (a) the vertical 

displacement of the leg tip (Δy) due to a vertical force (fy) and (b) the 

horizontal displacement of the leg tip (Δx) due to a horizontal force (fx). 

The forces are applied opposite to the motion direction induced by 

electrothermally heating the actuators. The actuators are activated as in 
configurations p2 and p3 (Figure 4) with voltages of 13.45 V for 

reaching a maximum temperature of 650 ℃ in the actuators. 

The curves in Figure 6 show a disproportional 

stiffness between the horizontal and vertical directions. 

For a relatively high vertical force of 36 mN, the vertical 

displacement in configuration p3 slightly changes from 

100.7 μm to 91.6 μm (Figure 6(a)). However, a lower 
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horizontal force of 4 mN applied on the leg tip results in 

around 50 μm variation in the horizontal position of the 

leg tip in configurations p2 and p3 (Figure 6(b)). The 

disproportionality in the horizontal and vertical stiffness 

is an aspect in legged locomotion where low horizontal 

forces are relatively required in the motion cycle [41]. 

III. FABRICATION 

The leg device is fabricated on silicon-on-insulator 

(SOI) wafers with the device, oxide, and handle layers of 

25 μm, 2 μm, and 300 μm in thicknesses, respectively. 

The mobile components in the leg device are fabricated 

in the top device layer. The handle layer serves as a 

support for the fixed components in the system. This 

layer thickness must be large enough to ensure rigid 

support for the device layer and avoid fabrication and 

functioning problems related to the device fragility. This 

layer thickness is limited to 300 μm to reduce the 

complete weight of the chip holding the legs. This weight 

is a part of the load to be lifted by the leg in the complete 

microrobot. The buried oxide layer helps electrically 

separate the components in the fixed part of the device 

and release the mobile parts of the structure. The 

fabrication process is depicted in Figure 7. 

 
Figure 7. Fabrication process for the leg device. (a) Fabrication based 

on the SOI wafer. (b) Deposited and wet etched metal layer. (c) Device 
and handle layers patterned and etched using DRIE. (d) Mobile 

components released using HF wet etching.  

A metal layer is first deposited on top of the device. 

The metal layer is patterned using photolithography and 

metal-wet etching (Figure 7(b)). The metal layer serves 

as the electrical pad of the actuator. A photoresist mask 

is deposited and patterned on top of the device layer using 

photolithography, and the device layer is etched using 

deep reactive ion etching (DRIE). A chromium layer is 

deposited on the handle layer and used as a hard mask for 

the handle layer etching using DRIE (Figure 7(c)). The 

chromium is patterned using photolithography and metal-

wet etching. Finally, the buried oxide layer between the 

openings in the top and back sides is etched by wet HF to 

release the mobile parts in the device. 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

A. Experimental Results 

A Cascade Microtech M150 probe station with four 

probes and an eVue IV digital microscope were used to 

perform the experiments (Figure 8). Each probe pair was 

used to drive a single V-shaped actuator using a 

Keysight N6705B DC power analyzer. The microscope 

camera software was used to collect the displacement 

measurements of the leg tip. Figure 9 shows microscopic 

photos for a leg device prototype at rest, and when 

actuated to move left and right. 

  
Figure 8. Experiment setup: leg device tested using a probe station and 

driven with a power supply with an arbitrary signal generator. 

 
Figure 9. Microscopic photos for the (a) leg device, (b) leg at rest, (c) 

when actuated to move right, and (d) when actuated to move left. 

The experiment is performed by subsequently 

changing the potential difference on each V-shaped 

actuator in the phases as described in Table I. 

TABLE I.  EXPERIMENT POWER SUPPLY PHASES 

Phases 1 2 3 4 

∆𝑣1 (V) 0 0→10 10 10→0 

∆𝑣2 (V) 0→10 10 10→0 0 
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Following the sequence in Table I, the electrical input 

on one of the V-shaped actuators is always either at the 

maximum level (10 V) or at the minimum level (0 V). 

This results in a trajectory outlining the limits of the leg 

workspace. Following the input phases in Table I, the 

trajectory obtained experimentally mimics that produced 

by the FEA simulation, as depicted in Figure 10.  

 
Figure 10. Trajectories obtained experimentally and based on FEA 

simulation for the leg device after applying electrical inputs on the 

actuators as illustrated in Table I. 

The experimental and FEA simulation results follow 

the diamond-like shape of the trajectory, and both 

trajectories match very well. This demonstrates the 

functionality of the proposed leg device and validates the 

design expectations. 

B. Discussion 

The leg design is quite similar to a standard 2-PRR 

planar parallel manipulator but with deformable parts. 

Thus, it shares many advantages with parallel robots, 

such as having a more compact design due to the 

actuators being located at the robot base, a more robust 

structure, and the capacity to handle greater loads. This 

design also has a couple of features that distinguish it 

from other microrobot leg designs in the literature: 

1) Large workspace: In both the simulation and 

experiment, the remarkable effect of the amplifying 

mechanism on the leg workspace was demonstrated. An 

obvious change in the angle of the leg was observed after 

contact with the stoppers in the amplifying mechanism. 

Figure 6(b) shows a maximum of 242 μm displacement 

in horizontal. This reveals a large workspace for the leg 

with 484 μm distance traveled per leg cycle. This 

corresponds to a range of ± 6.5 degrees for the angle α 

(Figure 3) between the extreme horizontal positions of 

the leg. Note that, with the dimensions for xg, yc, and ws 

(5 μm, 5 μm, and 100 μm, respectively), the leg can rotate 

to reach a maximum of 22 degrees for α before reaching 

contact with the two stoppers (Figure 3(d)). The design 

can be varied to increase the leg rotation. However, the 

large rotation and deformation increase the internal stress 

which should remain limited to avoid fracture. 

2) High force output: The high stiffness in the vertical 

direction, as shown in Figure 6, helps in carrying the 

weight of the leg device itself (less than 15 mg) and other 

onboard loads (such as control unit, power units, 

electronics) required for autonomous locomotion of a 

microbot using the proposed leg device. 

3) Symmetry: The proposed design is symmetric 

relative to the leg’s mid-axis. In this configuration, the 

leg can move or exert force in both forward and backward 

directions with the same capacity.  

4) Customizability: The design for the leg device is 

scalable, and several parameters can be varied to improve 

its performance and adapt it to a wide range of design 

constraints. The complete size can be scaled down to 

make smaller versions of the microrobot or scaled up to 

allow larger force and displacement. A long leg increases 

the workspace but reduces the horizontal forces that can 

be generated. Thinner deformable components (as the 

actuators and flexible arms) generate/require less force 

for deformation but increase the internal stresses and risk 

of fracture. A thicker device helps to make a more solid 

structure, generate large force, and reject out-of-plane 

deformation. A longer and higher number of beams in the 

V-shaped actuator increase the displacement and output 

forces but require higher electrical energy.  

5) Multiple degrees of freedom: The majority of 

legged robots on the small scale have at most single DOF 

legs [42].  The dual actuation in the proposed leg 

mechanism provides the ability to move in arbitrary 

trajectories in 2D space at different speeds. A microrobot 

with multiples of this leg would potentially accomplish 

different locomotion schemes, such as walking, running, 

jumping, and overcoming obstacles. The variety of 

locomotion schemes provides robustness for a 

microrobot to work in different environments and makes 

its use attractive in more applications. 

Compared to other actuators of the same size, the V-

shaped actuator relatively generates large force and 

displacement but suffers from limited frequency and low 

electrical efficiency. For the actuator configuration in the 

fabricated prototypes, the power consumption is around 

4.7 mW for an electrical input of 10 V. The V-shaped 

actuator can be replaced with other types with less power 

consumption and high bandwidth. However, this raises a 

concern for on-board power delivery for microrobots, 

where high-power consumption increases the size and 

weight of the power unit, while the actuators need to 

provide large forces to handle the weight of this unit. 

For efficient terrestrial locomotion, the stride 

frequency ranges between a few to several tens of Hz 

[42], [43]. The dynamic of the leg at low frequency is 

mainly related to the dynamic of the actuator. For low-

frequency applications (lower than half of the structural 

natural frequency [44]), the dynamic of the actuator is 

mainly related to the thermal dynamic. A transient FEA 

simulation is performed for the actuator in the leg 

mechanism after applying a step electrical input. The 

simulation showed that the actuator reaches its steady-

state position in around 30 ms.  In this condition, the 

actuator can be activated at up to 16 Hz frequency with 

heating and cooling cycles. The accompanying video 

shows the operation of the leg device at frequencies up to 
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10 Hz. Note that the structural and thermal dynamic 

response for the actuator is faster on smaller scale [45].  

In the legged locomotion, the leg should exhibit 

resilience to out-of-plane deformation due to contact with 

the ground. The handle layer in the fabricated prototypes 

was etched from the backside to release the leg (Figure 

9). However, openings can be added in the leg to allow 

releasing from the front side. In that configuration, only 

the area behind the tip of the leg must be etched to contact 

the ground. The other area behind the leg can be used for 

protection. The out-of-plane deformation for the leg is 

limited by the handle layer in that configuration from the 

backside. External stoppers assembled with the leg chip 

are used in [30] to bound the deformation to the other 

side. The same approach can be considered for the 

proposed leg device when used in a microrobot assembly.  

The agreement between experimental and FEA data 

in Figure 10 reveals that the behavior of the leg 

mechanism can be accurately predicted. However, as the 

FEA is highly time-consuming especially with large 

deformation, an analytical model relating the electrical 

inputs, internal forces, deformation, and leg displacement 

is required to optimize the design based on parametric 

analysis, generate specific trajectories for the leg and 

control its motion.   

In addition to the microrobotic application, the 

proposed leg design shows attractive characteristics for 

micromanipulation applications [46]. The large force and 

displacement enable high performance. The monolithic 

structure and compatibility with microfabrication result 

in a compact design and capacity to integrate it in narrow 

areas. The compliant mechanism helps avoid backlash 

and reach high positioning precision and repeatability. 

The 2D workspace adds dexterity in the manipulation and 

characterization. The parallel structure allows adding 

capacitive positioning sensors with the actuators at the 

base to help for accurate positioning feedback.   

V. CONCLUSION 

A planar leg device consisting of electrothermal 

actuators, amplifying mechanisms, and flexible arms was 

proposed. The device has a monolithic structure and is 

compatible with common microfabrication methods. The 

performance of the proposed device is advantageous in 

terms of the large displacement and force outputs and the 

capacity to move back, forth, up, and down in multiple 

trajectories at different speeds. The device was fabricated 

on SOI wafers and demonstrated good functioning in the 

experiments. The leg trajectories in the experiments were 

in excellent agreement with the finite element 

simulations, as expected in the design. 

Future work will develop an analytical model relating 

between the electrical input on the actuators and the leg 

displacement to generate and control prescribed 

trajectories for the leg in its workspace. Legged 

microrobots based on the proposed leg device will also 

be developed to benefit from its advantageous 

performance for microrobotic applications. 
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