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Room-Temperature Mid-Infrared Detection Using
Metasurface-Absorber-Integrated Phononic Crystal
Oscillator

Zichen Xi, Zengyu Cen, Dongyao Wang, Joseph G. Thomas, Bernadeta R. Srijanto,
Ivan I. Kravchenko, Jiawei Zuo, Honghu Liu, Jun Ji, Yizheng Zhu, Yu Yao,*
and Linbo Shao*

Mid-infrared (MIR) detectors find extensive applications in chemical sensing,
spectroscopy, communications, biomedical diagnosis, and space exploration.
Alternative to semiconductor MIR photodiodes and bolometers,
mechanical-resonator-based MIR detectors show advantages in higher
sensitivity and lower noise at room temperature, especially toward longer
wavelength infrared. Here, uncooled room-temperature MIR detectors based
on lithium niobate surface acoustic wave phononic crystal (PnC) resonators
integrated with wavelength-and-polarization-selective metasurface absorber
arrays are demonstrated. The detection is based on the resonant frequency
shift induced by the local temperature change due to MIR absorptions. The
PnC resonator is configured in an oscillating mode, enabling active readout
and low-frequency noise. The 1-GHz oscillator-based MIR detector shows a
relative frequency deviation of 5.24 × 10−10 Hz−1/2 at an integration time of 50
µs, leading to an incident noise equivalent power of 197 pW Hz−1/2 when
input 6-µmMIR light is modulated at 1.8 kHz, and a large dynamic range of
107 in incident MIR power. The device architecture is compatible with the
scalable manufacturing process and can be readily extended to a broader
spectral range by tailoring the absorbing wavelengths of metasurface
absorbers.
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1. Introduction

Detection of mid-infrared (MIR) radi-
ation, 3 to 50 μm wavelength,[1] is the
cornerstone of MIR applications includ-
ing astronomy,[2] chemical analysis,[3,4]

biomedicine,[5,6] agriculture,[7] and
communications.[8] A desirable MIR
detector would feature high sensitivity,
fast response, a large dynamic range,
room temperature operation, and a
widely designable wavelength range.
MIR detectors have been developed
based on semiconductor photodiodes,
bolometers, nonlinear optics, and me-
chanical resonators. Semiconductor
MIR photodetectors based on mercury
cadmium telluride (MCT),[9,10] indium
antimonide and aluminum indium
arsenide antimonide (InSb/AlInAsSb)
material systems,[11–13] quantum well
structures,[14,15] and 2D materials,[16–20]

have been demonstrated with high
responsivity and speed, yet they usually
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Figure 1. PnC MIR detector. a) Illustration of the detector fabricated on a 128° Y cut LN platform, composed of a PnC resonator defined by etched
grooves, a pair of IDT, and an MIR absorber array. IDTs are employed to excite and receive the acoustic wave. The oscillation is formed with sufficient
gain provided by a low-noise amplifier. The device is fabricated on 128° Y cut LN with acoustic waves propagating in crystal X direction. b) Microscope
image of fabricated detector. IDT and absorbers are made of 10/30 nm Chromium/gold. c) Scanning electron microscopy (SEM) image of the PnC
resonator with the absorber array. IDT electrodes and absorbers are placed between the etched grooves in the PnC cavity and taper region. False colored
SEM images of d,e) the 6-μm single-wavelength absorbers and f,g) the 6/9-μm dual-wavelength absorbers.

require cryogenic temperatures to achieve high sensitivity due
to small photon energy at MIR wavelengths. Moreover, their
operation wavelength range is limited by the semiconductor
bandgap[9–13] or band offset,[14,15] and the detection sensitiv-
ity drops significantly for wavelengths in the long-wave in-
frared spectral range and beyond (>8 μm). Nonlinear opti-
cal approaches[21–27] that up-convert MIR to near infrared or
visible can leverage high-performance photodiodes or image
sensors at shorter wavelengths, although achieving a high
nonlinear conversion efficiency is still challenging on chip.
Bolometers based on 2D materials[28,29] and semiconductors[30]

demonstrate room-temperature MIR detection yet are still
limited by high noise levels and low sensitivity at room
temperature.
Compared to photodetectors and bolometers, mechanical

resonator-based MIR detectors show advantages in room-
temperature MIR detection, especially at wavelengths longer
than 5 μm.[31–33] As a temperature-based approach, such me-
chanical detectors could cover a broad range of wavelengths, ei-
ther using broadband absorbers, such as platinum thin films,[34]

or metamaterial optical absorbers.[35] To date, most mechanical-
based MIR detectors leverage suspended mechanical resonators
with narrow and long supports tethers (for example, 5-μm wide

and 600-μm long tethers in ref. [31]) for high mechanical quality
factors and ultimate thermal isolations, resulting in ultrahigh re-
sponsivities in relative frequency shift (11000W−1 ref. [31]). How-
ever, such tethered structures result in relatively slow thermal re-
sponse time of a fewmilliseconds and post challenges for scalable
manufacturing and applications in harsh environments, such as
under high accelerations.
Here, we demonstrate MIR detectors leveraging low-noise

surface acoustic wave phononic crystal (PnC) oscillator on
bulk lithium niobate (LN) with co-designed wavelength-and-
polarization-selective metamaterial absorbers. The oscillation
configuration of our detector enables a direct and large-
bandwidth readout of the resonant frequency, as well as reduces
the frequency noises by over two orders of magnitude compared
to a passive measurement configuration. Our oscillator-based
MIR detector features an effective area, defined by its acoustic-
wave mode area, of 332 μm2 and a low relative frequency noise of
5.24 × 10−10 Hz−1/2 at an integration time of 50 μs at its oscilla-
tion frequency of 1 GHz. The metamaterial absorbers integrated
on our PnC resonator offer wavelength and polarization selective
MIR absorption. We demonstrate an incident noise equivalent
power (NEP) of 197 pWHz−1/2 when an input 6-μm MIR light
is modulated at 1.8 kHz. Our detector features a large dynamic
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Figure 2. MIR absorbers for 6 μm single wavelength and 6-and-9 μm dual wavelengths. a,b) Numerically simulated near field magnitude distribution
at the peak absorption wavelengths. The boundary of the metal absorber and PnC etched grooves is marked by the dashed lines. c,d) Simulated reflec-
tion and absorption spectra and experimentally measured reflection spectra. e,f) Experimentally measured polarization-dependent reflection at peak
absorption wavelengths. The measured results are fitted to a sine curve. Solid lines represent fitted curves, and dots indicate measured data. The insets
illustrate the definition of polarization angle 𝜃, which is the angle between the incident electric field vector E (blue solid arrow) and the antenna axis
(blue dashed line). The propagation direction of incident light is normal to the x–y plane. a,c,e) are of the 6-μm single-wavelength absorbers, and b,d,f)
are of the 6/9-μm dual-wavelength absorbers.

range of 107 in incident MIR power from 100s pW to over 1 mW.
By changing the absorber designs, our device architecture could
potentially enable monolithic integration of detectors for the full
optical spectrum from ultraviolet, to far infrared, and THz waves
on a single chip.

2. Metasurface-Absorber-Integrated PnC
Resonator for MIR Detection

Wedevelop PnC resonator integratedwithmetasurface absorbers
for MIR detection (Figure 1a–c). Our PnC resonator is defined
by etched grooves with varying periods and widths in different
segments.[36,37] Two interdigital transducers (IDTs) – one located
outside, and the other located inside the PnC resonator – pro-
vide efficient electromechanical coupling to our PnC resonator.
Metasurface absorbers based on coupled plasmonic antennas are
placed between the etched grooves at the resonant mode area.
The incident MIR is transduced into heat by the absorbers, in-
duces local temperature change, and results in the frequency
shift of our PnC resonator via the temperature-dependent elas-
ticity and thermal expansion. As proof of concept, we demon-
strate one single-wavelength absorber design for 6 μm wave-
length (Figure 1d,e), and another dual-wavelength absorber de-
sign for 6 and 9 μm (Figure 1f,g). Our absorbers are made of
a thin metal stack of 10-nm-thick chromium and 30-nm-thick
gold. We note that a small absorber area is preferred to minimize
the mass loading on the PnC structures and the resistive electric
loss to the mechanical mode due to the piezoelectric effect of the
LN substrate.
We numerically and experimentally characterize the absorbers

(Figure 2). The 6 μm absorbers employ a C-shape design. At
the peak absorption wavelength, the simulated profile shows

an enhanced optical electric field in the gap between the C-
shape arms (Figure 2a). At the favorable 0° polarization, the nu-
merical simulation shows a reflection peak of 53% at 6.10 μm
and an absorption peak of 30% at 6.17 μm (Figure 2c). The
experimentally measured reflection spectrum of the 6-μm ab-
sorber array shows a peak of 49% at 6.05 μm (Figure 2c),
agreeing with our simulation. The measured reflectance at
different polarization angles shows a contrast of 5 between
the favorable 0° polarization and insensitive 90° polarization
(Figure 2e).
The 6-and-9-μm dual-wavelength absorbers employ a double

C-shape design. A 6.31-μm incident MIR is resonant with the
left narrower C-shape plasmonic antenna, while a 9.81-μm in-
cident MIR is resonant with the right larger C-shape plasmonic
antenna (Figure 2b). At the favorable 0° polarization, the simu-
lated reflection spectrum shows peaks of 57% and 50% at 5.97
and 9.77 μmwavelengths, respectively; the simulated absorption
spectrum shows peaks of 32% and 37% at 6.31 and 9.82 μm, re-
spectively (Figure 2d). The experimentally measured reflection
spectrum shows a peak of 51% and 49% at 6.12 and 9.81 μm,
respectively, agreeing with our simulation. The measured re-
flectance at different polarization angles shows a contrast of 10
at 6.12 μm and a lower contrast of 2 at 9.81 μm due to the higher
absorption of LN substrate at this wavelength (Figure 2f). Details
of our absorber designs and simulations are provided in Supple-
mental Note 1.

3. Oscillator Based on PnC Resonator for MIR
Detection

Our PnC resonators[36,37] are fabricated on a 128°Y-cut LN sub-
strate with acoustic waves propagating along crystal X axis. This
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Figure 3. Design and characterization of the PnC resonant mode for MIR detection. a) Cross-section schematic of PnC resonator. The PnC resonator
is formed by a cavity segment sandwiched by two mirror segments with taper segments linking them. Grooves in cavity (mirrors) segments are with
a spacing period of 2 μm (1.96 μm). The spacing period of etched grooves is quadratically tapering from the cavity segment to the mirror segment.
Mirrors transit to the unetched flat segments by linearly tapering the etch width. b) Optically measured displacement field profile of the PnC mode.
The color indicates displacement perpendicular to the device surface. The PnC mode is excited by applying a continuous wave at the PnC-resonator-
mode frequency applied at IDT 2. c) The cross-section of the displacement profile, indicated by the red dash line in (b). d) Phase noise, e) fractional
frequency noise, f) frequency deviation of our PnC resonator in the oscillation and passive measurement configurations. We use the definitions of Allan
and Hadamard deviations such that white frequency noise has same deviation values.

128°Y–X configuration offers a low propagation loss, small diver-
gence, and efficient electromechanical coupling for the acoustic
waves. The temperature coefficient for the phase velocity of the
128Y-X acoustic waves is −71.2 ppm K−1.[37,38] It is greater than
the coefficients of silicon (−60 ppm K−1)[33] and silicon nitride
(–30 ppm K−1),[31] both are widely used in trampoline detectors.
We design the PnC resonator by adjusting periods and widths
for etched grooves in different segments (Figure 3a). The etched
grooves with a period of 1.96 μm in the mirror segments grad-
ually increase to 2.00 μm in the cavity segment. Details of the
PnC resonator design are provided in Figure S1 (Supporting In-
formation). The PnC resonator supports a mode at 1 GHz with
a loaded Q factor of 1000, leading to a fQ product of 1012, and an
electrical transmission (IDT1 to IDT2) of –28 dB (Figure S2b,c,
Supporting Information). We measure the acoustic mode pro-

file (Figure 3b,c) using our home-built optical vibrometer.[] The
acoustic resonant mode shows a mode area of 332 μm2 (Supple-
mental Note 2, Supporting Information).
We employ an oscillation configuration (Figure S3b, Sup-

porting Information) to enable a direct and large-bandwidth
readout of the PnC resonator frequency. The oscillation loop
consists of our PnC resonator, a low noise amplifier, a phase
shifter, and a coupler. The output of our oscillator is first down-
converted by an in-phase/quadrature (I/Q) demodulator and
then captured by an oscilloscope. Ensuring the accessibility for
readers from different fields, we provide phase noise spectrum
(Figure 3d), fractional frequency noise spectrum (Figure 3f), and
Hadamard deviation (Figure 3g) based on the same measured
I/Q data. Our MIR detector oscillating at 1 GHz achieves a
minimum fractional frequency noise of 4.32 × 10−12 Hz−1/2 at
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Figure 4. Characterization of ourMIR detector with dual-wavelength absorbers. a)Measuredmodulation of oscillator frequency in response to a chopped
MIR input. The incidentMIR on the detector is with an average power of 5.3 μWchopped at 190 Hz. b) Zoom in view of (a) showing the detector response
time constants of 164 μs in whenMIR input is turning on and 169 μs when turning off. c) Frequency spectrumof the frequencymodulation signal, showing
a peak of 562 at 190 Hz chopper frequency. d) Response mapping of our detector to 0 and 90° polarized MIR input at 6.3 μm. The mapping result is
the convolution of the incident MIR beam with the effective area of our detector. e) Frequency response of our detector at MIR incident power of 53.0
μW. Two chopper blades with different opening densities are used to cover the frequency range. 6-μm MIR light is used in (a–e). f) Power-dependent
response of our detector at 6 and 9 μm wavelengths. The incident MIR is modulated at 190 Hz. Inset: power-dependent response in linear scale, and
the linear fitting shows the responsivities of our detector.

offset frequency of 8,500 Hz, a minimum 𝜎
√
tint = 3.7 × 10−12

given by the frequency deviation 𝜎 of 5.24 × 10−10 at integra-
tion time tint of 5.0 × 10−5 s. Compared to passive measurement
(Figure S3b, Supporting Information), the oscillation configura-
tion reduces the frequency noises by over two orders of mag-
nitude (Figure 3e,f). We note that similar observations show-
ing the advantage of the oscillation configuration have been
reported.[40]

We attribute the ultralow-frequency noise of our device for a
few reasons. First, the surface acoustic wave (SAW)-based me-
chanical resonator is constructed on a bulk substrate, which
has a much greater thermal conductivity than tethered (sus-
pended) thin-film micromechanical resonators, leading to lower
temperature fluctuation noise. Secondly, our design of PnC res-
onator defined by etched grooves[36,37] enables a higher fQ prod-
uct than a typical suspended mechanical resonator or metal-
defined SAW resonators. Additionally, the strong piezoelectric-
ity of LN allows efficient coupling between mechanical and
electrical fields, leading to a lower insertion of the oscillation
loop and thus a lower noise. Focused discussion on the noise
performance of the PnC oscillator is available in our previous
work.[37]

4. Characterization of MIR Detection

We characterize responsivity, bandwidth, and effective areas of
our oscillator-based MIR detector. Our experimental setup is
shown in Figure S4 (Supporting Information). The results of our
devices with 6-and-9-μm dual-wavelength absorbers are shown

in Figure 4, while the results of our device with 6-μm single-
wavelength absorbers are shown in Figure S5 (Supporting Infor-
mation). We use a quantum cascade laser at 6.30 μm and a dis-
tributed feedback laser at 9.55 μmasMIR inputs. TheMIR inputs
are modulated by a mechanical chopper with variable chopping
frequency. The incident MIR power is calibrated to the power
within the device area with absorbers (Supplemental Note 3, Sup-
porting Information).
When a 190-Hz-chopped 5.3-μW-power MIR beam at 6.30 μm

wavelength is applied on our detector, we observe a frequency
modulation of our oscillator-based detector (Figure 4a). As
LN has a negative temperature coefficient in elasticity, the oscil-
lating frequency will reduce when light is on the detector. Our de-
tector shows a time constant of 169 (164) μs in the frequency rise
(fall) in response to the MIR light off (on) (Figure 4b). By Fourier
transform, we see the oscillating frequency of our detectors mod-
ulated at the chopper frequency and its higher-order harmonics
(Figure 4c). Within this work, we define the response of our de-
tector by the frequencymodulation amplitude at the fundamental
chopper frequency. For example, a frequency modulation 562 Hz
induced by the MIR input of 5.3 μW (Figure 4c).
We map the response at different positions of our detector

(Figure 4d). We note that the mapping result is the convolution
of the incident MIR beam with the effective area of our detec-
tor. Our detector shows a clear polarization-dependent response.
For incident light with polarization angle at 0° with respect to
the antenna axis, the optical absorption of the antenna metasur-
face and LN beneath the antenna is enhanced near antenna reso-
nance wavelengths; while for incident light with polarization an-
gle at 90°, the optical absorption is mostly due to LN material

Laser Photonics Rev. 2025, e00498 e00498 (5 of 9) © 2025 The Author(s). Laser & Photonics Reviews published by Wiley-VCH GmbH
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Figure 5. Scanning imaging of Tetris patterns with orders-of-magnitude difference in MIR power. a) Illustration of the scanning imaging setup. b) Tetris
patterns with different transmissions. The pattern is prepared by a 3D printed frame covered with glass as attenuators. Transmissions are marked at
each opening. c) Scanning image of the patterns. The colors show the induced frequency shift of our detector in the log scale. Dashed lines indicate the
stitching of two scans due to the moving range of the translational stage. d) Scanning image of the pattern plotted in the linear scale. The data in (c)
and (d) are identical but plotted in different scales. The incident MIR is at 6.3 μm and 3.28 mW at detector without attenuation.

Figure 6. Frequency-dependent noise equivalent power (NEP) of our mid-
infrared detector at 6.3 μm wavelength.

absorption in the MIR spectral region. The measurement results
confirmed an up to 250% enhancement of infrared detectionwith
antenna absorbers at 6.30 μm, which is around the 6 μm antenna
resonance wavelength. As one of the IDTs is placed at the center
of the acoustic resonator for optimized electromechanical cou-
pling, the response is slightly lower at the center of the detector.
This issue could be addressed by future designs that combine
IDT electrodes and absorbers.
We characterize the frequency response of our detector by vary-

ing the chopper frequency (Figure 4e). We measure a relative re-
sponse of 0.77 at 100 Hz, 0.7 at 190 Hz, and 0.46 at 1 kHz, show-
ing a frequency roll-off rate of 4.5 dB per decade. The frequency
response is limited by the thermal dynamics of our detector. We
note that the frequency roll-off of our detectors is much slower
than the 20 dB per decade of RC-limited detectors. Therefore, the
relationship between the fitted time constant and bandwidth is
different from RC-limited detectors as well.

We test our detector over a large input power range up to
5.3 mW at 6.3 μm wavelength and 2.6 mW at 9 μm wavelength
(Figure 4f). Our detector features a large dynamic range of 107,
from its NEP of 197 pW/

√
Hz (see discussion in Section. 5) to

5.3 mW. We note that the maximum tested input power is lim-
ited by our MIR laser source and does not imply a device dam-
age threshold. By fitting the measured responses at different in-
cident MIR powers (inset of Figure 4f), we extract a responsivity
R190Hz = 9.5 × 107 Hz W−1 at 6.3 μmMIR wavelength and 2.2 ×
107 HzW−1 at 9 μmwavelength, both at input modulating (chop-
per) frequency of 190 Hz. At near-DC modulating frequency, the
responsivity RDC = 1.36 × 108 and 3.14 ×107 Hz W−1 for 6.3 and
9 μm, respectively.
The detector with 6-μm single-wavelength absorbers shows

similar performance (Figure S5). The responsivity R190Hz = 9.6
× 107 Hz W−1 at input modulating frequency of 190 Hz, and re-
sponsivity RDC = 1.37 × 108 Hz W−1 at near DC. Compared to
near-DC (1 Hz) response, the relative response is 0.79 at 100 Hz,
and 0.48 at 1 kHz modulating frequency. These results infer the
compatibility of our device architecture with versatile absorbers
for different wavelengths.
To demonstrate an application of the large dynamic range,

we perform a scanning imaging of Tetris pattern using our
detector (Figure 5). The Tetris pattern card is mounted on
a translational stage with a 3.28-mW 6.3-μm MIR laser as a
light source (Figure 5a). Using glass as attenuator, the trans-
mission of Tetris patterns varies about six orders of magni-
tude from 4.1 × 10−6 (bottom-right “O” Tetris piece) to 1
(bottom-left “S” Tetris piece) (Figure 5b). The scanning results
(Figure 5c,d) clearly show the induced oscillation frequency
shifts, ranging from 3 Hz to 266 kHz, at different patterns.
The spatial resolution of our scanning image is limited by the
spot size at the pattern card, which is about 2 millimeters in
diameter.

Laser Photonics Rev. 2025, e00498 e00498 (6 of 9) © 2025 The Author(s). Laser & Photonics Reviews published by Wiley-VCH GmbH
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Figure 7. Figure of merits for MIR detectors. a) NEP versus detection wavelengths among photodiodes, bolometers, and mechanical resonators. The
plots show the experimentally demonstrated results. If a broadband thermal source is used, the peak detection wavelength is determined by the source
temperature or the fiber/filters used. Dashed lines indicate the operation wavelength range, if data is available. b) NEP versus detector time constant
among mechanical-based MIR detectors. Labels in the figure: A,[11] B: Thorlabs, VML8T0,[41] C: Thorlabs, VL5T0,[42] D: Thorlabs, VML10T0,[43] E:
Thorlabs, PDA10DT,[44] F,[45] G,[20] H,[16] I,[28] J,[29] K,[31] L,[46] M,[47] N,[48] O,[49] P,[50] Q,[33] R,[51] S,[52] T,[53] U,[54] V,[55] W: Laser Components, RP
NO1.[56] When frequency-dependent NEP data is not available for previous works or products, a noise-floor-limited NEP = f0𝜎

√
tint∕RDC was used,

which could overestimate the performance.

5. Noise Equivalent Power and Comparison

The frequency-dependent NEP of a detector can be given by

f0
√
Sy(f )∕R(f ), where Sy(f ) in Hz−1 is the power spectral den-

sity of fractional frequency noise, f0 is oscillation frequency, and
R(f ) in Hz/W is the responsivity at input frequency of f . By this
definition, we extract the frequency-dependent NEP (Figure 6)
using the frequency noise in Figure 3e and frequency-dependent
response in Figure 4e. With respect to the incident light on the
detector effective area, our dual-wavelength detector features a
minimum NEP of 197 pW Hz−1/2 at input frequency of 1.8 kHz
at 6.3 μm input wavelength. At low input modulating frequen-
cies (below 500 Hz), the NEP is limited by the larger frequency
noise in long time scale. At the input frequency within the range
of 700 Hz to 2 kHz, the NEP is almost flat, since both the respon-
sivity and the frequency noise reduce with increasing frequency.
On the other hand, if we define the detection bandwidth by the
frequency-dependent NEP, our detector shows a bandwidth of at
least 2 kHz.
Figure 7 summarizes the performance of MIR detectors

at room temperature; incident powers are calculated using
MIR power on the detector effective area. While MIR photo-
diodes have demonstrated large bandwidths of 7 GHz based
on semiconductor[11] and 500 GHz based on 2D materials,[20]

the mechanical resonator-based approaches show advantages
in lower NEP at longer MIR wavelengths (Figure 7a). Among
mechanical-resonator-based detectors, our fully supported de-
tectors show competitive NEP and time constants, leading to a
competitive figure-of-merit, NEP⋅ 𝜏 (Figure 7b; Table S1, Sup-
porting Information). We note that due to the availability of
data in previous works and products, they are used in this
comparison.
We model the dynamics of our oscillator-based MIR detector

by its thermodynamics and mechanical oscillation (Supplemen-
tal Note 4, Supporting Information). The temperature change of
the resonator induced by the MIR absorption is parametrically
coupled to the resonant frequency of the mechanical resonator.
The thermodynamics limits the detector response time. Ther-
modynamic bandwidth could be further improved by employ-

ing thin-film LN on sapphire.[57] We consider two main noise
sources of our oscillator-based MIR detector: temperature fluc-
tuation noise of the mechanical resonator and the thermal noise
in the oscillation loop. The temperature fluctuation noise is con-
sidered a fundamental limit formechanical-resonator-basedMIR
detection, which imposes a NEP of 4.38 pW Hz−1/2 for our de-
vices, which could be improved by employing a smaller res-
onator. The thermal noise in the oscillation loop that amplified
by the low-noise amplifier imposes a NEP of 0.62 pW Hz−1/2.
Thus, the temperature fluctuation noise is the dominating noise
of our detectors. We note that the NEP from the theoretical
model is lower than our experimental demonstration, and we
speculate a few possible reasons for the mismatch. (1) The low
noise amplifier is working in the saturation region for our os-
cillation detector, leading to a higher noise factor, and (2) the
rate equations in our toy model may be oversimplified to de-
scribe the nonlinear dynamics and noise performance. Despite
such mismatch, our analytical solutions and simulations can
still provide insights into future developments. Looking into the
future, a higher Q factor, a lower insertion loss, or a higher
power level in the oscillation loop could further improve the
NEP.

6. Conclusion and Outlook

Our mechanical-oscillator-based MIR detectors feature ultra-low
noise, high sensitivity, fast response, and large dynamic ranges
without any cooling at room temperature. Compared to pas-
sive readout approaches, the oscillation configuration of our de-
tector enables an ultralow frequency noise in reading out the
resonant frequency. Integrating plasmonic antennas metasur-
face absorbers with these microscale MIR detectors/detector
arrays could provide versatile, compact and high speed solu-
tions for single or multi-wavelength, spectroscopic and polariza-
tion detection over the whole infrared wavelength range, which
find various applications in vibrational spectroscopy,[58] infrared
polarimetry,[59,60] remote sensing,[61–63] chemical analysis,[64,65]

and biomedical diagnosis.[66] With flexible absorber designs, our
MIR detector architecture can also enable monolithic solutions
for ultraviolet to far infrared applications. Moreover, its fabrica-

Laser Photonics Rev. 2025, e00498 e00498 (7 of 9) © 2025 The Author(s). Laser & Photonics Reviews published by Wiley-VCH GmbH
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tion process is compatible with recently established LN foundries
and scalable at wafer scale.[67] For integrated platforms, the PnC
resonators can be integrated with optical waveguides[68] enabling
sensitive detection for MIR photonic integrated circuits.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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