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A B S T R A C T

This paper investigates the impact of the opto-thermomechanical (OTM) parasitic response of an optomechanical 
nanoantenna on the main opto-electromechanical (OEM) transduction mechanism involved in the near-infrared 
(NIR) radiation detection. Through comprehensive experimental and computational analyses, we have modelled 
how this parasitic effect overlaps with the desired opto-electromechanical response. Utilizing COMSOL Multi
physics, we have simulated thermal, optical, and mechanical interactions within the optomechanical structure. 
Our findings indicate that the parasitic OTM effect significantly influences the device’s mechanical deflection, 
driven primarily by localized heating at the microcantilever’s free end. Experimental data validates simulation 
results, demonstrating the parasitic response’s dominance over the intended functionality. A figure of merit 
(FoM), defined as the ratio between the transducing OEM signal over the parasitic OTM response has been 
defined to quantify the performance of the optomechanical nanoantenna detector, as well as to propose geometry 
design improvements to optimize this performance.

1. Introduction

Micro Electro Mechanical Systems (MEMS) is a well stablished 
discipline that emerged as a cornerstone technology for a wide range of 
applications, leveraging their ability to integrate electrical and me
chanical components at the microscale [1]. These systems rely on 
electromechanical transduction mechanisms, which convert signals and 
energy from the mechanical into the electrical domain and vice versa, to 
enable functionalities such as sensing [2], actuation [3], and energy 
harvesting [4]. Among the wide range of transduction mechanisms that 
make such conversion processes possible, thermal [5], piezoresistive 
[6], piezoelectric [7], electrostatic [8], and magnetomotive [9] are the 
most commonly used. Although MEMS technology has reached a level of 
maturity for long time now that allows us to find it in daily consumer 
electronics devices [10] or healthcare [11] and industrial [12] appli
cations, new challenges such as MEMS computing [13], MEMS-based 
neurotechnology [14] or 3D-MEMS technology [15] are still being 
faced in the frontiers of this field.

In particular, RF-MEMS sub-technology initially devoted to the 
interaction of MEMS with electromagnetic radiofrequency (RF) radia
tion [16] is being extended in the recent years to the terahertz and op
tical domains to bring forward new applications in tuneable THz 

metamaterials [17], imaging [18] and uncooled IR detection [19].
In terms of signal reception, MEMS technology has also seen con

tributions from cutting edge examples such as the nanotube radio [20], 
where a single carbon nanotube was used as a mechanical antenna that 
integrated also the demodulator and the speaker of a complete AM 
reception system. Later, RF signal detection was also demonstrated with 
a much simpler mechanical antenna based on an unpolarized micro
cantilever [3] and the new mechanical antenna topic was born, inspired 
by Jensen’s work, showing promising capabilities in the Low Frequency 
(LF) [21] and Very Low Frequency (VLF) [22] telecommunications.

In earlier research, R. Ruiz et al. [23–25] investigated a novel me
chanical antenna concept called MEMSTENNA, that combined an an
tenna component with a resonant MEMS. Through the use of 
MEMSTENNA technology, radiofrequency electromagnetic energy can 
be directly converted to mechanical motion. C. Belacel et al. [26]
applied the MEMSTENNA concept to the 1–10 THz frequency range and 
proposed a new type of THz detector that directly transforms electro
magnetic signals into mechanical responses. The authors demonstrate 
the improvement in frequency response at room temperature of this THz 
detector by avoiding the thermal mechanisms commonly found in other 
types of THz bolometric detectors [27–29].

Very recently, a preliminary study of an extension of the 
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MEMSTENNA concept to the optical domain has been published by the 
authors [30]. In that work, the design and fabrication process of a NIR 
NEMSTENNA, a combination of a dipole optical nanoantenna with 
commercial microcantilevers, was first presented. In that same work, a 
detailed analysis of the opto-electromechanical transduction mechanism 
was also reported, showing that such NEMSTENNAS exhibit mechanical 
responses in the 0.01–0.1 nm range, but the parasitic impact on the 
device performance of the thermally induced deflection of cantilevers by 
bimetallic effect was neglected and not included in the analysis. In this 
article, on the one hand, the opto-thermally induced deflection of the 
cantilevers has been calculated and validated experimentally in order to 
predict its effect on the opto-electromechanical signal. On the other 
hand, an improved version of the NEMSTENNA based on an optimized 
nanodipole geometry which maximizes the electrostatic transducing 
voltage in the feed gap of the nanoantenna has been designed. The 
article is organized in the following way: In Section 2, the opto
mechanical nanoantenna device (NEMSTENNA), which is a combination 
of a dipole nanoantenna integrated in the free end of two mechanical 
microcantilevers, is defined. It is also discussed how the device operates 
and the mechanisms that initiate transduction. Next, the nanoantenna’s 
design is described in Section 3, along with results of the optimal ge
ometry. In Section 4, we examine the COMSOL prediction of the me
chanical response, which includes opto-electromechanical (OEM) and 
parasitic opto-thermomechanical (OTM) features. Finally, we also 
define the optomechanical nanoantenna design’s Figure of Merit as the 
ratio between the transducing OEM signal over the parasitic OTM 
response, which highlights the importance of optimizing opto
mechanical responses over optothermal effects.

2. Device definition and working principle

The proposed optomechanical nanoantenna (NEMSTENNA) struc
ture features a near-infrared (NIR) optical dipole nanoantenna, designed 
to resonate at a wavelength of 1.55 µm, integrated into one of the Au 
layers of two triangular Si3N4 microcantilevers at their free end, as 
shown in Fig. 1. The geometry of the dipole nanoantenna shown in 
Fig. 2, is defined by the length and width of its two components (L1, L2, 
W1), as well as the dimensions of the supporting arms (LArm1, LArm2, W2) 
that link the dipole components to the microcantilevers. Additionally, 
the thickness of the silicon nitride layer in the nanoantenna region is 
another critical design parameter that will have an important effect on 
the nanoantenna response, because this layer is the dielectric substrate 
that determine wave propagation velocity and dielectric losses. The two 
components of the dipole nanoantenna are positioned parallel to each 
other and separated by a gap distance, g0, in the overlapping area 
located in the feed region of the antenna. In this feed gap area, an 
electrostatic transduction capacitance is created, which at the same time 
is electrically loading the nanoantenna. When the dipole nanoantenna is 
illuminated by a focused NIR laser beam with a wavelength of 1.55 µm 
(corresponding to a frequency of 193.41 THz), an alternating AC 
voltage, referred to as Vgap, is generated within the feed gap of the 
nanoantenna, as shown in Fig. 1(b). This voltage arises due to the 
interaction between the incoming radiation and the plasmonic proper
ties of the optical nanoantenna. The generated AC voltage Vgap, which 
oscillates at the same frequency as the incident radiation, 193.41 THz in 
this case, induces an electrostatic force between the two components of 
the dipole nanoantenna which acts attracting the microcantilevers at 
their free end. Since this force depends quadratically on the inducing 
voltage, a DC component of the force and the consequent static deflec
tion of the cantilevers are both produced. On the other hand, the AC 
component of the force, which oscillates at twice the frequency of the 
incident NIR radiation (hundreds of THz), will not induce any significant 
mechanical vibration of the microcantilevers because their natural vi
bration frequencies are 12 orders of magnitude lower (tens of kHz). This 
frequency mismatch ensures that the microcantilevers primarily 
respond to the DC component, maintaining stable mechanical operation 

without interference from high-frequency noise.

3. Design of the nanoantenna

The electromagnetic resonance modes of a dipole nanoantenna are 
determined by its physical dimensions, and specially by its length. This 
section aims to investigate the relationship between dipole length and 
resonance occurrence, in terms of gap voltage and z-direction electric 
field in the nanoantenna feed gap, for a constant incident radiation 
wavelength (1.55 μm in this case), power (7.5 mW) and spot radius 
(27.5 μm, see Fig. 1) for the first three detectable resonance modes. As it 
is inferred from the results shown in the curves of Fig. 3 and cross- 
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Fig. 1. Schematics of the lateral view (a) and top view (b) of the proposed 
optomechanical nanoantenna (NEMSTENNA) structure including the dipole 
NIR nano-antenna integrated at the free end of two microcantilevers, which is 
placed at the beam waist of a focused gaussian laser beam. In the zoom detail of 
the lateral view, voltage in the gap region, Vgap, induces an attractive electro
static force, Fee, on each optomechanical nanoantenna component.
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Fig. 2. Dipole nano-antenna layout with all dimensions that define 
its geometry.
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section maps of Fig. 4 corresponding to a preliminary analysis, for our 
proposed dipole nanoantenna, which dimensions are reported in 
Table 1, the first, second and third resonance detectable modes are 
found when dipole is approximately 300 nm, 810 nm and 1361 nm long, 
respectively. In particular, each one of the three peaks observed in the 
graphs of the gap voltage (Vgap) and the electric field in z-direction in the 
centre point of the dipole nanoantenna gap vs. dipole length (L1) (Fig. 3) 
can be identified with the expected patterns of the current density dis
tribution flowing through the nanoantenna metallic part, as shown in 
Fig. 4.a-c and the z-component of the electric field in the dielectric re
gions around the metal layer of the nanoantenna, as shown in Fig. 4.d-f 
Indeed, an examination of the computed current density and electric 
field distributions indicate that the first three detectable modes corre
spond to the standard λ/2 (Fig. 4.a,d), 3λ/2 (Fig. 4.b,e) and 5λ/2 (Fig. 4. 
c,e) dipole antenna modes. Notice, however, that our nanoantenna is not 
a standard RF dipole antenna, where the total length L (L=2⋅L1 or 
L=L1+L2 when consider the non-symmetric case) equals λ/2 in the first 
resonant mode. In our case, we have a plasmonic nanoantenna in which 
the wavelength of electromagnetic waves propagating in the metal of 
the nanoantenna is reduced with respect to the free space propagation. 
Consequently, the ratio L/(λ/2) which is 1 for a RF antenna, is slightly 
reduced for a plasmonic one [31,32], as it is verified by our results: 

2⋅L1/(λ/2)= 600 nm/(1550/2 nm)= 0.77 for the first detectable mode 
(n = 1), 2⋅L1/(3λ/2)= 1620 nm/(3⋅1550 nm/2)= 0.69 for the second 
detectable mode (n = 3), and 2⋅L1/(5λ/2)= 2722 nm/(5⋅1550 nm/2)=
0.70 for the third detectable mode (n = 5). In summary, the results 
demonstrate that the resonant behaviour of the nanoantenna is highly 
dependent on the dipole length, with distinct mode profiles observed for 
each configuration. Additionally, it is observed that the maximum 
voltage and z-component electric field in the gap region is obtained for 
the first detectable mode (n = 1), followed by the third (n = 5) and 
second (n = 3) detectable modes.

3.1. COMSOL optimization

After the previously described preliminary analysis of the Vgap and 
electric field dependence on the dipole nanoantenna length, a refine
ment of the final design dimensions has been performed through a 
COMSOL optimization process defining Vgap as the variable to be 
maximized for a radiation wavelength of 1.55 µm. The lengths L1 = L2 
and LArm1 = LArm2 were considered as free parameters for optimization, 
while the Si3N4 thickness was assumed to be fixed at 140 nm, since it is 
the optimal value from a fabrication point of view as it was demon
strated in a previous work [30]. All simulations of the optimization 
process were carried out using a laser power of 7.5 mW and a 27.5 µm 
beam radius. For an initial gap distance fixed at g0= 10 nm, the set of 
parameters resulting from an optimization process limited to a range of 
dipole nanoantenna lengths around the length of the fifth mode is the 
following: L1 = L2 = 1360 nm, LArm1 = LArm2 = 2 µm, and W1 = 80 nm, 
W2 = 100 nm. The reason for choosing the 5th mode is that its longer 
length of 1360 nm allows for an easier fabrication process, at an 
acceptable tradeoff of a small reduction in Vgap and return loss compared 
to the first mode with a 300 nm dipole length. The optimized dimensions 
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Fig. 3. Voltage and z-component of the electric field in the gap region as a 
function of dipole length L1. The three peaks at 300 nm, 810 nm and 1361 nm 
correspond to the first three detectable resonance modes, which can be iden
tified with the λ/2, 3λ/2 and 5λ/2 modes of a λ/2 dipole structure. Constant 
parameters of the laser source considered in the calculations are: radiation 
wavelength λ= 1.55 μm, power Pin= 7.5 mW and spot radius SR= 27.5 μm.

Fig. 4. Maps of the current density (a-c) and z-component of the electric field (d-f), for the first three detectable resonance modes observed when dipole length is 
300 nm (a,d), 810 nm (b,e) and 1361 nm (c,f).

Table 1 
Geometry characteristics of cantilevers and nanoantenna.

Parameter Value Units

Dipole arm length, (LArm1/LArm 2) 2/2 µm
Dipole width, w1 0.08 µm
Dipole arm width, w2 0.1 µm
Dipole length, (L1/L2) 1.36/1.36 µm
Dipole gold thickness, (tgd) 0.035 µm
Dipole silicon nitride thickness, (tdd) 0.14 µm
Cantilever length, (lc) 200 µm
Cantilever width, (wc) 28 µm
Cantilever base width, (wb) 184 µm
Cantilever silicon nitride thickness, (tdc) 0.6 µm
Cantilever gold thickness, (tgc) 0.07 µm
Capacitive gap, (g0) 0.01 µm
Overlapping Area, (A) 0.01 µm2

D.K. Maram et al.                                                                                                                                                                                                                              Sensors and Actuators: A. Physical 394 (2025) 116966 

3 



are included in Table I.
In order to quantify the effect of the fabrication tolerance on the 

response of Vgap versus wavelength, simulations for four different values 
of L1 and L2 around the optimal case, with a gap distance g0= 10 nm 
were conducted. This analysis considered a 50 nm tolerance limit, 
reflecting the resolution of the focused ion beam (FIB) milling process 
used [30]. The results of this analysis summarised in Fig. 5.a demon
strate that simultaneous deviations of L1 and L2 by 50 nm in the same 
direction result in the Vgap (and z-direction electric field in the middle of 
the gap) peak to the right shifting at 1600 nm (for L1 + 50 nm and 
L2+50 nm) or to the left at 1500 nm (for L1− 50 nm and L2− 50 nm), as 
illustrated by the orange and purple curves in Fig. 5.a, respectively. If 
the excitation radiation is fixed at 1550 nm and cannot be tuned to 
match the nanoantenna resonance, the Vgap, and correspondingly the 
z-direction voltage in the middle of the gap, decreases from 21 mV at 
optimal L1 and L2) to approximately 15 mV for both the shortened 
(L1− 50 nm and L2− 50 nm) and elongated (L1+50 nm and L2+50 nm) 
cases at the excitation wavelength. Additionally, the voltage induced 
within the feed gap area Vgap together with the electrical field in the z 
direction at the middle point of the gap were analysed as a function of 
gap distance as presented in Fig. 5.b. It is worth noting that since the 
z-component of the electric field, Ez,gap, is not constant along the gap 
region in the z direction, Vgap and gap distance, g, values in the plot of 
Fig. 5.b are not linearly related by Ez,gap=Vgap /g, as it is evidenced, for 
instance, by the non-linear Vgap vs. gap distance curve. Most impor
tantly, this figure shows that gap voltage decreases as the gap is 
decreased and that the smaller the gap the faster the gap voltage 
decreasing rate is.

4. Mechanical response

After settling nanoantenna dimensions and feed gap voltage, the 
deflection of the microcantilevers, caused by the electrostatic force 
induced in the transduction gap, has been self-consistently calculated by 
coupling RF, electrostatics, and solid mechanics COMSOL modules. This 
deflection was quantified by calculating the displacement at the 

cantilever’s free end. Additionally, to this displacement produced by the 
optically induced electrostatic force, also called opto-electromechanical 
(OEM) displacement, we have also considered the parasitic displace
ment caused by the optically induced heating of the cantilevers and 
transduced by a bimetallic effect, denoted as opto-thermomechanical 
(OTM) displacement, combining in this case RF, thermal and solid me
chanics COMSOL modules. Both calculations were performed for laser 
powers ranging from 1 mW to 7.5 mW (the lower and upper limits of our 
experimental setup) and considering the optimal case (optimal L1 and 
L2) in terms of Vgap, an initial gap of g0= 10 nm and a spot radius of 
27.5 μm, corresponding to the beam waist as we have considered the 
paraxial approximation and a Gaussian beam to describe the focused 
laser beam. In COMSOL simulations, the NEMSTENNA is placed inside a 
spherical air-domain simulation box of 345 µm radius, which is large 
enough to minimize boundary reflections. The outer faces of this domain 
are assigned scattering boundary conditions in the Electromagnetic 
Waves module to emulate free-space propagation. Module couplings are 
setup as follows: the Joule Heating feature of the RF module is used to 
compute the volumetric power density generated mainly in the gold 
layer of the NEMSTENNA, which is passed directly to the Heat Transfer 
in Solids module as a heat source. The resulting temperature rise induces 
mechanical stress, which is handled by coupling the Heat Transfer 
module to the Solid Mechanics module via the Thermal Expansion 
multiphysics node. Then, at each time step of a time-dependent study, 
the Heat Transfer and Solid Mechanics solvers are coupled, allowing the 
structure to heat up and deform gradually. To capture the deformation 
of the NEMSTENNA geometry under thermal expansion, we enable 
COMSOL’s Moving Mesh (Arbitrary Lagrangian–Eulerian) interface. 
This deformed geometry feature updates the finite-element mesh at each 
time step based on the computed displacement field, so that the shape of 
the NEMSTENNA evolves dynamically with temperature.

4.1. Opto-electromechanical (OEM)

Two computational approaches have been evaluated for simulating 
the OEM displacement induced by near-infrared (IR) laser excitation in 
the feed gap area of our device: an iterative or feedback method, and a 
non-iterative one. In the iterative approach, the voltage induced within 
the feed gap area is recalculated in an RF simulation step, each time the 
gap distance is reduced by the OEM displacement of the cantilevers 
(evaluated at their free-end) as calculated in the previous electrostatic 
and mechanical simulation step. In contrast, the non-iterative method 
assumes Vgap to be constant and independent of changes in gap distance, 
maintaining its initial value corresponding to the initial gap distance 
throughout the whole simulation. The findings indicate that at high 
power levels, the iterative method introduces slight variations in 
displacement compared to the non-iterative method. Nevertheless, at 
lower power levels, both methods agree closely in terms of displacement 
calculations, suggesting that using the non-iterative method to deter
mine displacement values is acceptable within permissible margins of 
error. Additionally, the iterative method requires more batches of sim
ulations, which implies more computational resources than the non- 
iterative simple constant sweep approach. In Fig. 6, the displacement 
values obtained by both calculation methods and the corresponding 
errors (difference between iterative and non-iterative displacement 
values) as a function of IR laser power levels are presented. Overall, both 
iterative and non-iterative methods yield comparable results for laser 
powers below 3 mW, with negligible differences below 1 pm, and non- 
negligible discrepancies with a linearly increasing error for laser 
power levels over 3 mW. For instance, at 7.5 mW IR laser power, the 
iterative method shows a static deflection of approximately 50 pm, 
while the non-iterative method shows a displacement of 64 pm, result
ing in a deviation error of 14 pm and a relative error of 28 %. In order to 
relax the computational load, we have used the non-iterative method, 

Fig. 5. (a) Spectral response of Vgap obtained from COMSOL simulations for L1 
and L2 at and around the optimum case (L1=L2=1360 nm). Gap distance is g0 
= 10 nm. (b) Voltage induced within the feed gap area vs. gap distance. Laser 
power is Pin= 7.5 mW and spot radius is SR= 27.5 μm.
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keeping in mind that the error grows with the incident power level.

4.2. Opto-thermomechanical (OTM)

In order to analyse the opto-thermomechanical (OTM) transduction 
mechanism as the parasitic effect that will screen the desired opto- 
electromechanical (OEM) signal, we have also combined multiple 
physical domains to couple the interactions between IR light, heat, and 
mechanical deformation. The COMSOL Multiphysics setup has inte
grated in this case RF, thermal and solid mechanics domains. The ma
terial properties used in the simulations are summarized in Table 2 and 
also detailed in reference [33]. The properties are inferred from exper
imental data on the materials’ thermal, optical, electrical, and me
chanical characteristics. Here, in the EM simulation analysis performed 
by the RF module the absorption of the optical energy in the material is 
calculated using Maxwell’s equations. Using the refractive index values 
for Au measured by Johnson and Christy [34], as tabulated in [35], we 
have calculated with a coherent summation of multiple passes model 
that the Au surface of our optomechanical nanoantenna device reflects 
96.8 % and absorbs about 2.5 % of the total incident power. Only a 
0.7 % is transmitted to the Si3N4 layer underneath. Subsequently, the 
thermal module uses as a simulation input the heat generated by the 
currents as obtained from the RF analysis to calculate the resulting 
temperature distribution. For this, the heat transfer equations of the 
thermal COMSOL module consider the effects of conduction, convection 
and radiation with the corresponding appropriate parameters [33]. It is 
worth to notice that as the opto-thermomechanical transduction is 
mainly produced in the body of the triangular microcantilever, the 

current distribution at the nanoantenna is not contributing to this 
calculation. Indeed, when we have calculated the thermal distribution 
and the corresponding opto-thermomechanical OTM response, no sig
nificant differences have been found on whether the nanoantenna is 
present or absent in the simulations.

Next, the temperature distribution from the thermal analysis is im
ported into the structural mechanics module. The resulting mechanical 
deformation is then computed, considering the thermal strain effects. 
Our optomechanical antenna device is composed of a sandwich of three 
materials, Au(35 nm)/Si3N4(600 nm)/Au(70 nm) (Fig. 1), each one 
with different coefficients of thermal expansion (CTE) [33]. The asym
metry introduced by the difference in the Au thickness will be the 
responsible of the cantilever bending by the bimetallic effect. Indeed, 
the thicker Au layer will suffer a large expansion strain than the thinner 
one, and the cantilever will bend in the gap closing direction. In order to 
validate experimentally the COMSOL predictions of OTM parasitic 
signal, we have measured the opto-thermally induced displacement on a 
single cantilever component. In the measurement setup, as described in 
previous works [23,33], focusing of the IR laser beam (Thorlabs 
SFL1550P current/temperature controlled by ITC4001) is achieved 
through three different microscope objectives: 100X, 50X and 20X 
(Mitutoyo M Plan APO SL), that produce 8 µm, 14 µm and 27.5 µm spot 
radius, respectively. The deflection at the free-end of the cantilever is 
detected by a red diode laser (Thorlabs CPS670F 670 nm 4.5 mW) 
coupled to a 4-quadrants position photodetector (New Focus Quadcell 
Photoreceiver 2901) readout system. The transient signal obtained at 
the output of the photodetector when IR laser power is switched 
(OFF-ON-OFF transients) is then analysed by means of an oscilloscope 
(Tektronix MDO3024). The stationary deflection signal difference be
tween the ON and OFF states (in terms of cantilever free-end displace
ment) for different laser power levels is obtained as presented in Fig. 7.

As illustrated in this figure, there is an excellent agreement between 
COMSOL model predictions and experimental values.

Finally, in the last analysis which consisted of comparing the OEM 
signal with the OTM parasitic, we have used a figure of merit (FoM) 
simply defined as the ratio between the OEM and the OTM induced 
vertical displacements of the cantilevers fre-end (z): FoM=zOEM/zOTM. 
The as defined FoM has been then evaluated for the three different 
achievable laser spot radii, i.e. 8, 14 and 27.5 µm and represented 
together with both displacements (OEM and OTM) in Fig. 8. Here, we 
observe that as laser beam radius decreases from 27.5 µm to 8 µm, OTM 
parasitic decreases from 25 nm to 0.7 nm because the area illuminated 
of the cantilever decreases too, OEM increases from 50 pm to 150 pm 

Fig. 6. Static opto-electromchanical OEM deflection calculated with and 
without the iterative method and the difference between both vs. laser power. 
Spot radius is SR= 27.5 μm and gap distance is g0 = 10 nm.

Table 2 
Optical, thermal and mechanical properties of the materials involved in COM
SOL simulations.

Property Au Si3N4 Units

Heat capacity, Cp 129 700 J/(kg⋅K)
Thermal conductivity, κ 150a, 230b 2.1c, 4d W/(m⋅K)
Convective heat transfer coeficient, h 3.8⋅105 4⋅105 W/(m2⋅K)
Thermal Boundary Resistance, TBR 0.81⋅10− 8 0.8⋅10− 8 m2⋅K/W
Surface emissivity, ϵ 0.05 0.5 ​
Density, ρ 19280 3100 kg/m3

Refractive index, n 0.52406 1.9963 ​
Extinction coeficient, k 10.742 0 ​
Electrical conductivity, σ 45⋅106 0 S/m
CTE, α 14.1⋅10− 6 2.3⋅10− 6 K− 1

Young’s modulus, E 80 250 GPa
Poisson’s ratio, ν 0.44 0.23 ​

a Au thickness= 35 nm
b Au thickness= 70 nm
c Si3N4 thickness= 140 nm
d Si3N4 thickness= 600 nm
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Fig. 7. Experimental and COMSOL simulated steady state displacement of the 
cantilever free-end in out-of-plane direction, z, after laser power OFF-ON 
switching transient for different laser powers ranging from 1 to 7.5 mW. Spot 
radius is SR= 27.5 μm and gap distance is g0 = 10 nm.
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because the power density in the nanoantenna region is increased, 
thereby maximizing the opto-electromechanical effect and minimizing 
the opto-thermomechanical parasitic. Consequently, the FoM is 
increased from 2⋅10− 3 to 0.2, which means an enhancement of two or
ders of magnitude. Since both OTM and OEM dependences on the spot 
radius are non-linear, and OTM decreases much faster than OEM grows 
when spot radius is decreased, the FoM and its rate of change grows very 
significantly when spot radius is approaching 8 µm. The marginal 
change in the FoM underscores the need for improved design geometry 
to achieve higher performance. Future research should focus on 
reducing the opto-thermomechanical parasitic effect but specially on 
enhancing the opto-electromechanical transduction signal.

5. Conclusion

In this study we have demonstrated that the parasitic opto- 
thermomechanical response (OTM) substantially impacts the perfor
mance of the optomechanical naoantenna device, overshadowing the 
intended opto-electromechanical (OEM) response. Experimental vali
dation of the OTM displacement component closely matches our COM
SOL Multiphysics simulations, confirming the influence of localized 
heating on the microcantilever’s deflection. To improve the overall 
performance and FoM of the device, future work will focus on opti
mizing the design geometry. This optimization aims to reduce the un
desired slow but large amplitude response of the OTM effect, while 
enhancing the fast OEM response, thereby advancing towards a practical 
application of optomechanical antenna devices in NIR radiation 
detection.
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