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Abstract—This paper reports on the demonstration of 
narrowband uncooled microelectromechanical resonant infrared 
detectors based on ultrathin perfect plasmonic absorbers. The 
integration of a deeply subwavelength thin (230 nm) plasmonic 
absorber on a piezoelectric nano plate (480 nm) enables a near
perfect and narrowband absorption of mid-wavelength infrared
radiation (~92% at 4.7 with a full width at half maximum
~800 nm) in an ultralow volume resonant thermal detector. The
excellent thermal isolation (~2.4×105 K/W) and the high 
electromechanical performance of the resonant thermal detector
(quality factor, Q~1527 and electromechanical coupling coefficient
kt2 ~1.74%) guarantee the achievement of high sensitivity and a 
low noise performance, resulting in the demonstration of a high 
resolution (noise equivalent power ~633 pW/Hz1/2) narrowband 
infrared detectors suitable for infrared spectroscopy and 
multispectral imaging system.
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I. INTRODUCTION

Micro-electromechanical system (MEMS) resonant infrared
(IR) detectors [1] have attracted a great deal of attention in recent 
years due to their unique advantages in terms of high sensitivity 
(excellent thermal isolation and high temperature sensitivity) 
and low noise performance (intrinsically high quality factor). In 
particular, thermal detection capabilities comparable or even 
superior to conventional microbolometers have been 
demonstrated [2]. Among different resonant IR sensor 
technologies [1-3], the one based on aluminum nitride (AlN)
piezoelectric nano plate resonant thermal detectors [2] has 
shown unique advantages in terms of detection limit, response 
time and detector size. This is due to the fact that, differently 
from any other piezoelectric materials, high quality AlN films, 
as thin as 10 nm, can be deposited on any arbitrary substrate 
using a low temperature sputtering process, enabling the 
fabrication of ultralow volume resonators with high 
electromechanical performance [4]. In fact, thermal detectors 
based on 50 nm thick AlN resonant nano plates have been 
recently reported [5], showing over two orders of magnitude 
improvement in figure of merit compared to previous 
demonstrations (due to the significantly reduced thermal mass
of the resonant element). Such advantages combined with the 
post-CMOS compatible microfabrication process [6] make the
AlN resonant thermal detector technology one of the most 
promising candidates for the implementation of ultra-compact, 
high resolution and fast IR detectors.

The integration of plasmonic structures in the design of AlN 
nano plate resonant thermal detectors has been recently 

proposed as a solution to achieve strong and narrowband
absorption in such deeply subwavelength thin resonant 
structures while maintaining high piezoelectric transduction and 
quality factor (hence low noise performance) [2]. With this 
approach the IR radiation is absorbed by means of plasmonic 
resonances whose frequencies/wavelengths are lithographically 
defined by the lateral dimensions of the patterned
nanostructures, therefore multi-spectral narrowband IR 
detectors can be fabricated on the same substrate. The capability 
of fabricating arrays of high performance and miniaturized 
spectrally selective multi-color IR detectors is particularly
appealing for IR spectroscopy based standoff chemical 
detection. For example, the engine exhaust plumes of jets and 
vehicles contain several gases with emission spectra in the mid-
wavelength infrared (3 - , MWIR) range that can be used as 
specific signatures for detection: nitrogen monoxide (NO) 
molecules are characterized by absorption in the 5 - 5
spectral range and carbon monoxide (CO) molecules exhibit two
adjacent absorption peaks located in the 4.4 - spectral range 
[7]. In this context, narrowband (full width at half maximum, 
FWHM < 20%) IR detectors with a strong absorption (> 90%) 
in the MWIR range are highly desirable. Although, a few 
prototypes of spectrally selective resonant thermal detectors 
have been demonstrated [2, 8, 9], none of them has shown IR 
absorption capabilities suitable for standoff chemical detection 
in the MWIR range (i.e. absorption > 90% with FWHM < 20%).

In this work, a new type of ultrathin plasmonic absorber that 
features narrow bandwidth (FWHM 17%) and near-perfect IR 
absorption (  92%) is proposed and exploited for the first 
demonstration of narrowband AlN resonant infrared detectors
suitable for standoff chemical detection in the MWIR range. An 
ultrathin (230 nm) plasmonic absorber (three layer stack 
composed of a ground metal plate, a thin dielectric and an array 
of gold patches) is integrated on top of an AlN nano plate 
resonator and used to confine the impinging IR radiation (in a 
narrow bandwidth around the wavelength of interest) in the 
deeply subwavelength NEMS structure while simultaneously 
guaranteeing confinement of the radio frequency transduction 
electric field across the thin piezoelectric transducer. Despite the 
integration of the ultrathin plasmonic absorber on top of the AlN 
nano plate resonator, high electromechanical performance 
(Q ~1527 and kt2 ~1.74%) is achieved. Moreover, an excellent 
thermal isolation (~2.4×105 K/W in vacuum) of the resonant 
thermal detector is achieved thanks to the use of carefully 
designed nanoscale (80 nm thick) metal anchors [10]. All these 
attributes lead to the demonstration of a narrowband (FWHM 
~795 nm, ~17%) high-resolution (noise equivalent power,
NEP ~633 pW/Hz1/2) uncooled IR detector tuned at 4.74 . 
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II. DESIGN AND FABRICATION

The plasmonic IR absorber used in this work is a metal-
insulator-metal (MIM) cavity that consists of a three-layer stack:
a lithographically defined metasurface (50 nm thick gold 
patches), a thin dielectric layer (100 nm thick silicon dioxide), 
and a bottom reflector (80 nm thick platinum). The IR absorber 
is integrated on top of a freestanding AlN piezoelectric nano 
plate that is anchored by two thin (80 nm) platinum (Pt) tethers 
(which also serve as the electrical connection to the bottom 
interdigitated electrode (IDE), as illustrated in Fig. 1). 

Fig. 1. Three-dimensional schematic illustration in layer view of the proposed 
narrowband MEMS resonant IR detector. The inset shows the material stack of 
the ultrathin plasmonic absorber. 

When an incident IR beam impinges on the top surface of 
the device, anti-parallel currents are excited between the 
metasurface and the bottom reflector, resulting in a magnetic 
resonance. The MIM stack, therefore, can be seen as an artificial 
metamaterial with effective permittivity, ( ) , and 
permeability, ( ) . Total absorption occurs at the
frequency in which the impedance of MIM stack ( ( ) =( ) ( ) ) matches that of free space [11]. The 
absorbed power causes a large and fast increase of the device 
temperature due to the high thermal resistance (Rth) and 
extremely low thermal capacitance (Cth) of the freestanding 
nanomechanical structure. The IR-induced temperature increase 
leads to a shift in the center frequency of the piezoelectric 
resonator due to its intrinsic temperature coefficient of 
frequency (TCF). The optimization of the plasmonic absorber to 
tailor the absorption peak at for CO gas sensing was
performed using finite integration technique (FIT) with the 
commercial software Computer Simulation Technology (CST).

Fig. 2. Simulated absorption spectra of plasmonic absorbers and emission spectra 
of exhaust gas mixture from HITRAN database [7]. 

As shown in Fig. 2, near 100% absorption ( ) with a FWHM 
~600 nm can be achieved at when the width of the gold-
patches (a) is set to 1.2 m and their periodicity ( ) to

(Fig. 3a). In order to efficiently characterize the proposed device
using our IR sensing experimental setup equipped with a 5-
quantum cascade laser (QCL) [12], an absorber with slightly 
shifted absorption at 5 m (a = 1.3 m, m) was also 
designed with same technique. Both absorbers were designed to 
fully cover a 60 × 144 m2 AlN nano plate resonator with an 
IDE pitch size of 20 m (Fig. 3a). 

The devices were fabricated using a combination of 4-mask 
photo lithography and one e-beam lithography microfabrication 
process (Fig. 3b). Both devices targeting 4.7 and 5 m
absorption wavelengths were built on a same wafer. 

Fig. 3. (a) Scanning electron microscope images of the narrowband MEMS 
resonant IR detector. (b) Microfabrication process: 1) Deposition and lift-off of 
Pt IDE, followed by deposition of AlN; 2) Deposition and lift-off of Pt plate,
followed by deposition of SiO2; 3) Dry etch of AlN and SiO2 for release pit and 
vias; 4) Deposition and lift-off of gold probing pad; 5) Deposition and lift-off of
gold plasmonic nanostructures, followed by XeF2 dry release of the resonators. 

III. EXPERIMENTAL RESULTS

The reflection (R) spectra of the fabricated devices were 
measured using a Bruker V70 Fourier transform infrared (FTIR)
spectrometer coupled with a Hyperion 1000 microscope. The 
absorption, , was then calculated assuming a negligible 
transmission through the 80 nm thick Pt reflector: = 1 – R.
92% absorption at 4.74 m and 86% absorption at 5.08 m were 
measured for the absorbers with 1.2 and 1.3 m patch size, 
respectively (Fig. 4). FWHM as narrow as 795 nm was measured 
for the absorber with 1.2 m patch size. The small discrepancy 
in terms of absorption, wavelength and FWHM between 
simulation and measurement results could be due to 1) 
diffraction induced by non-flat bottom surface of the absorber 
resulted from the topography of IDE and 2) possible defects 
from the fabrication of plasmonic nanostructures. 

Fig. 4. Measured absorption spectra of the fabricated devices. The inset shows
the top view of the plasmonic nanostructure along with critical dimensions. 
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The devices were then tested in an RF probe station under
indoor ambient conditions and their RF electrical responses 
were measured by an Agilent E5071C network analyzer after 
calibration. The electromechanical performance of the devices 
were extracted by modified Butterworth-Van Dyke (MBVD) 
model fitting. Resonance peaks at ~179.2 MHz and ~179.1 MHz
with quality factors of ~1527 and ~1512 were measured for the 
devices with 1.2 m and 1.3 m patch size absorber, respectively
(Fig. 5a). The TCF of both devices were also characterized and 
found to be -26.2 ppm/K and -29.7 ppm/K (Fig. 5b). A thermal 
resistance, Rth ~2.4×105 K/W and a time constant, τ ~3.5 ms in 
vacuum were calculated based on the anchor design and material 
properties of both devices. It is worth noting that, the Rth of such 
AlN nano plate resonator is limited by the thermal transfer 
through air (Rth (air) ~ 5×104 K/W) when the device is operated 
in atmospheric pressure [2]. Therefore, the overall Rth (total) in air 
was estimated to be ~ 4.1×104 K/W. 

Fig. 5. (a) Measured admittance curves at the resonance peak of the two devices 
and corresponding MBVD fitting results. (b) Measured TCF of both devices.

A 5- QCL and an experimental setup similar to that 
described in [12] was used for the IR sensing measurements. A 
variable neutral density filter was placed in front of the
converging lens to attenuate the IR power emitted by the QCL.
The beam spot on the testing plane was first characterized with 
a 100 µm circular pinhole and a calibrated commercial thermal 
detector, showing a uniform power density of ~ 2 in 
an area larger than in diameter at the center of the beam. 
Then each device was wire-bonded to a printed circuit board and 
exposed to the IR radiation modulated at 1 Hz by a chopper. The 
QCL beam was properly aligned to maximize the response of 
each device. Given the device area, a total delivered power of 
~71.5 W was readily calculated. As expected, the device 2, with 
an absorption peak tailored at 5.08 m, indeed showed a much 
larger response than device 1 that was instead tuned to 4.74 m 
(Fig. 6). Furthermore, IR absorption values of 57% and 88% at 
5 m for device 1 and 2, respectively, were extracted from the 
responses of the two detectors, which closely match with the
respective FTIR measurements (Fig. 4).

Fig. 6. Measured frequency responses of both devices when exposed to the 5-
IR radiation modulated at 1 Hz. 

The frequency noise spectral density fn of device 1 was 
extracted by monitoring the short-term (1 ms) frequency 
instability and found to be 0.66 Hz/Hz1/2 with -8 dBm input RF 
power. Therefore, the noise equivalent power (NEP) of device 1 
was readily extracted by dividing the measured noise-induced 
frequency fluctuation fn by the responsivity (S=η⋅Rth⋅TCF⋅f0) of 
the detector and found to be ~633 pW/Hz1/2 at IR
spectral wavelength in vacuum.

IV. CONCLUSION

In this paper, narrowband resonant IR detectors based on 
ultrathin plasmonic absorbers were designed, fabricated and 
characterized. A new type of deeply subwavelength thin 
(230 nm) plasmonic absorber that features narrow bandwidth 
(FWHM 17%) and near-perfect IR absorption ( 92%) was 
integrated on AlN piezoelectric nano plate resonators and 
exploited for the first demonstration of high resolution 
(NEP ~633 pW/Hz1/2) and fast (τ ~3.5 ms) uncooled IR detectors
suitable for standoff chemical detection in the MWIR range. 
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