o INCLUSIVE PUBLISHING
Physica Scripta TRUSTED SCIENCE

PAPER You may also like

- Failure analysis of uncooled infrared focal

Optimal design of optomechanical uncooled Blane atay under s o nelalloag
. . . all 1, Dapeng en, aobo Li et al.
infrared focal plane array with integrated metalens

- Design and fabrication of a high sensitivity
focal plane array for uncooled IR imaging
Xiaomei Yu, Yuliang Yi, Shenglin Ma et al.

To cite this article: Zhendong Luo et al 2024 Phys. Scr. 99 015510
- Circuit models applied to the desiagn of a
novel uncooled infrared focal plane array
structure
Shali Shi, Dapeng Chen, Chaobo Li et al.

View the article online for updates and enhancements.

This content was downloaded from IP address 210.45.122.16 on 19/12/2023 at 02:13


https://doi.org/10.1088/1402-4896/ad1235
/article/10.1088/0957-0233/17/11/016
/article/10.1088/0957-0233/17/11/016
/article/10.1088/0957-0233/17/11/016
/article/10.1088/0957-0233/17/11/016
/article/10.1088/0960-1317/18/5/057001
/article/10.1088/0960-1317/18/5/057001
/article/10.1088/0957-0233/18/5/018
/article/10.1088/0957-0233/18/5/018
/article/10.1088/0957-0233/18/5/018

10P Publishing

@ CrossMark

RECEIVED
10 October 2023

REVISED
23 November 2023

ACCEPTED FOR PUBLICATION
4 December 2023

PUBLISHED
14 December 2023

Phys. Scr. 99 (2024) 015510 https://doi.org/10.1088,/1402-4896 /ad1235

Physica Scripta

PAPER

Optimal design of optomechanical uncooled infrared focal plane
array with integrated metalens

Zhendong Luo', Huwang Hou’, Yiyuan Zhang', Wenlan Li', Peng Zhang"* and Yang Zhao'-*

! CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Precision Machinery & Precision Instrumentation,

University of Science and Technology of China, Hefei 230026, People’s Republic of China

CAS Key Laboratory of Mechanical Behavior and Design of Materials, Department of Modern Mechanics, University of Science and
Technology of China, Hefei 230022, People’s Republic of China

Key Laboratory of Precision Scientific Instrumentation of Anhui Higher Education Institutes, University of Science and Technology of
China, People’s Republic of China

Authors to whom any correspondence should be addressed.

E-mail: zhp9036@mail.ustc.edu.cn and yangz1 @ustc.edu.cn

Keywords: uncooled infrared detector, integrated metalens, FPA, Bi-material cantilever

Abstract

Optomechanical uncooled infrared (IR) detectors based on the thermal deformation of bi-material
micro-cantilever have proved of significant potential in the IR imaging fields. However, compared to
other uncooled infrared detectors, the optomechanical type relies on the mechanical deformation of
the thermomechanical cantilevers, which compete for space with the absorbers and isolation beams,
resulting in limited sensitivity. By integrating a designed metalens, large deformation, high thermal
isolation, and high effective fill factor can be achieved simultaneously. Several pixel designs of
optomechanical uncooled IR focal plane array (FPA) with designed integrated metalens are evaluated
and optimized through numerical simulation. High thermal conversion efficiency H = 0.016 and
thermomechanical sensitivity St = 0.264 yum K~ ' are simultaneously achieved with an inherent
noise-equivalent temperature difference(NETD) value of 3.9 mK at the preset 60 m x 60um pixels.
Using Figure of Merit(FOM) as a comprehensive evaluation of NETD and response time, the
optimized structure can be improved by up to 40% over the original structure.

1. Introduction

Infrared thermal imaging technology has been widely used in many fields, such as precision guidance and
reconnaissance in the military, medical diagnosis [ 1-4], industrial inspection [5, 6], fire monitoring [7], etc
[8—10]. Compared with photon IR detectors, uncooled IR detectors are more widely used in the non-military
field for their ability to work at ambient temperature, which brings lower cost and power consumption.
Furthermore, among various types of uncooled detectors, the optomechanical detectors based on the thermal
response of bi-material micro-cantilever have been researched alot[11, 12] and shown significant potentials
[13—16] for their simple fabricating, cost-reducing, and more importantly, readout integrated circuits(ROIC)
removing [10]. So that the parasitic heat from ROIC is eliminated and there is no thermal leakage path caused by
the electrical contacts between pixels and substrate. The bi-material cantilever will induce deflection when
heated by incident radiation for uneven thermal expansion of the two cantilever materials, as shown in

figure 1(a). This deflection makes the visible light in the optical readout path, which will be received by a visible
charge-coupled device(CCD), modulated by the movement of the reflector [17, 18]. By measuring the deflection
of the cantilever optically, the incident radiation can be obtained. Nevertheless, a pixel unit in optical readout
FPA consists of three parts, thermal isolation beams, thermomechanical cantilever, and IR absorption plate
(visible light reflecting plate), all of which have an impact on FPA performance respectively. Moreover, the space
available in a pixel is limited, causing a competition between the three parts and making it difficult to improve
them simultaneously.

©2023 IOP Publishing Ltd
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Figure 1. (a) Schematic diagram of bi-material microcantilever detection principle. (b) Illustration of the IR detector integrated with
the metalens. The metalens is integrated on the back of the substrate and focuses the IR radiation on the absorber at the front side of
the substrate correspondingly.

To achieve higher combination performance, some researchers sought solutions from the structure design
and optimization. Zhao proposed a two-layer pixel structure design to arrange the three parts in 3D space [19].
Compared with the traditional single-layer ones, this design has more available space for the layout of bi-
material thermomechanical cantilevers and thermal isolation beams under a high fill factor, thus the thermal
response performance of the system has improved significantly. However, the two-layer designs increase the
complexity of fabrication due to the multiple sacrificial layer processes, resulting in low yield and high costs. The
group of Q. Zhang developed a substrate-free bi-material FPA with optimized multi-fold interval metallized legs
[20-22]. The multi-fold cantilever was designed with long thermomechanical cantilevers in total length and a
decent fill factor. However, in order to avoid the mutual cancellation of thermal deformation between adjacent
cantilevers, thermomechanical cantilevers, and thermal isolation beams can only be arranged alternately.
Despite the long total length of deformation cantilever, the staggered thermal isolation beams block the thermal
conduction from the absorber to the outside thermomechanical cantilevers, which leads to the reduction of the
total deformation. M. Fatih Toy proposed a nested structure, which consists of an absorber in the pixel center
and several isolation beams inserted around the absorber like ‘froglegs’ [23]. This nested structure allows single
thermomechanical cantilevers longer than the pixel size, bringing larger thermomechanical deformation under
the same total length. Compared with the structures putting all the components on one pixel, it breaks the limit
of the pixel size in one direction and provides more freedom for structure designing. However, when there are
long cantilevers, the fill factors of both multi-fold structure and nested structure are usually below 50% [20-23],
severely limiting the detector sensitivity. On the other hand, some other researchers enhanced the performance
of detectors by finding substitute materials, but always be plagued by manufacturing incompatibilities [24-27].

In our previous effort to improve the performance of FPA, a polarization-insensitive and wide-band
metalens has been designed and fabricated for long-wave IR detectors [28]. As shown in figure 1(b), the metalens
is integrated on the back of the substrate of the long-wave infrared FPA and focuses the IR radiation on the
absorber at the front side of the substrate correspondingly. The monochromatic focusing efficiency of metalens
is up to 86%, and the average focusing efficiency in the wide spectral from 8 yim to 14 ym reaches 80% [28].
With the designed metalens, it becomes possible to achieve a high effective fill factor with a small IR absorber,
leaving more space for the layout of thermomechanical cantilevers and isolation beams. Therefore, it is an
effective way to solve the competition between the three factors and thus improve the IR detector performance
in all aspects. Hence, this work investigates several optimal designs of optomechanical FPA combined with
integrated metalens and the optimized pixel structure is verified both theoretically and numerically.
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2. Design and optimization

As illustrated in figure 1(a), in bi-material microcantilever based uncooled infrared detector, the signal
experienced two conversions: the temperature change AT; of IR source to the temperature rise AT of bi-
material cantilevers, and the temperature rise A T; to the thermal deflection é of bi-material cantilevers. Hence,
the thermal response can be divided into two parts as:

Y O I (1)
AT, AT, AT

where H is the thermal conversion efficiency of the focal plane array and St is the thermomechanical sensitivity
of bi-material cantilevers. For a given incident IR radiation, under the constraints of predetermined element
size, it is significant not only to enhance the temperature rise but also to improve the thermomechanical
sensitivity in an FPA design [29].

2.1. Thermal design of FPA
Considering a pixel in the FPA initially at thermal equilibrium with the surroundings, the temperature rise in the
cantilever due to the temperature change of the target IR source can be expressed as:

dP
AT aAab570W(7n)

H = =
AN 4F1102(Gleg + Grad)

(@)

where A, is element absorption area, € the absorber emissivity (= 0.8), F,, the f/# of IR imaginglens (= 1), 7

the transmissivity of the IR system including IR lens and IR window of the vacuum chamber (=0.9), and

(:—5) = 0.63W /(m?Ksr) is the fraction of the radiative energy emitted by the source at temperature T; (~300 K)

within the 8-14 pm spectral band. « is the absorption rate of radiation into the absorbing material, which can
denoted by [30]:

a=1—exp (—4l,wK/N) 3)

where k is the absorption coefficient of absorbing material, A the wavelength of IR radiation, and Ipis the
absorption length of the infrared radiation in the absorbing material. Gg and Gi,4 are the thermal conductance
of the thermal isolation beam and the radiative thermal conductance of pixels, for a single long straight thermal
isolation beam which can be expressed as:

Aok
Gleg - £
Lleg
Grad = 4Apixel(f':l + EZ)UTS (4)

where Ay is the cross-sectional area of the isolation beam, k the thermal conductivity of the leg material and
Lieg the length of the cantilever, Ay the total pixel area, o the Boltzmann constant, T the pixel temperature
(~300 K), g and &, are the emissivity of the two cantilever materials, respectively.

2.2. Thermomechanical design of FPA
The thermomechanical sensitivity St of a single cantilever can be expressed as [19]:

5y a1
ST_ATC_3(a1 Oéz)( X )( dz) (5

where L, is the length of the thermal deformation cantilever, o and a; are the thermal expansion coefficients
of cantilever materials respectively, d, is the thickness of absorbing material film, and # is the ratio of two
materials of cantilever thickness. Here, K is a structure parameter, which can be expressed as:

K:4+m+4ﬁ+®m+l—
bn
n= ﬂ;(ID = E (6)
d2 E2

where d, is the thickness of reflective material film, E is the elastic modulus.

2.3.FPA layout designs

FPA under the preset pixel size 60 pm x 60 pm is designed here with Au and Si N as the two materials of bi-
material cantilever and Si as substrate. Table 1 lists the physical properties of SiNy and Au. For given L, and d,,
under the chosen materials, thermomechanical sensitivity St varies as f (), which can be denoted by:

3
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Figure 2. f (n) as a function of the thickness ratio 7 showing the optimum thickness ratio n ~ 0.7.

Table 1. The physical properties of Si Ny and Au.

Density px 10° kg/ Young’s modulus E Expansion coefficient Thermal conductivity k
m? (GN/m?) ax107°K! Emissivity & W/(mk)
Si N, 2.4 180 0.8 0.8 5.5
Au 19.30 73 14.2 0.01 296
n+1 n+1
fm) = ()

K _4+6n+4n2+@n3+$

For SiNy-Au bi-material cantilever, f (1) reaches maximum as n ~ 0.7 (figure 2). The thickness of SiNy film is
setasd, = 0.5 pm. The detailed optimization of the film thickness will be discussed later. With n = 0.7, the
thickness of Au filmis set as dy, = 0.35 pm. Moreover, the distance between adjacent legs or absorber is set to
be 2 um following microfabrication standards for MEMS structure.

It is worth noting that the thermomechanical sensitivity St varies as the square of the length of bi-material
cantilever in a unidirectional cantilever model in equation (5). Thus, nested structure [23] was adopted, making
it possible for FPA element to have single-direction deformation cantilever longer than the pixel size. Pixel
structures designed are shown in figure 3(a). Based on the initial nested structure, a two-step optimization
procedure is proposed and the optimization effect has been evaluated in both double-stage and triple-stage
designs. Group 1 (a, b, ¢) are the double-stage nested structures with different layouts, while group 2 (a, b, ¢) are
the triple-stage ones. In each group, design (a) is the initial nested design, and design (b) is the optimized design
based on (a), while further optimization is illustrated in design (c). Every add-on stage will encroach on certain
area of either the absorber or the thermal isolation structure, resulting in the absorbers of the stages higher than
the triple-stage too small to collect enough infrared radiation.

On the first optimization step, the proper area of the absorber has been investigated to maximize the
efficiency of space utilization with the consideration of the integrated metalens. The metalens at the back of the
FPA chip converges the incoming radiation, leading to the nonlinear increasement of absorptance with the
absorber area. In our previous work, we found that the increasing rate undergoes a substantial drop when the
size of the absorber goes beyond 26 pm x 26 pm, where roughly 86% of incident radiation can be absorbed [28].
Therefore, the absorber is downsized to 26 ym x 26 ym from the initial size of 26 yzm x 58 pm, while keeping
the absorption almost intact. The shrinkage of the absorber frees up some space in the middle of the pixel, which,
however, is hard to be filled by long-straight structures arranged on the outside. Considering it’s the length of the
isolation beams that matters rather than the shape, multiple folded isolation beams are arranged inside to fill in
the space freed up by the absorber. As a result, the conductive thermal resistance increased significantly in 1b &
2b designs compared with the initial 1a & 2a designs. On the second optimization step, the arrangement of
isolation beams has been studied further. Despite two long isolation beams, the thermal resistance is limited
because of the parallel connection. Hence, using single long isolation beam can greatly improve the thermal

4
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Figure 3. (a) layout of designed pixel structures. (b) Detailed structure diagram of structure 2c.

resistance. However, the loss of the symmetry could destabilize the structure, which is not appreciated for the
subsequent optical readout. Thus, a series-parallel connection strategy was adopted, in which only the latter part
of the two thermal isolation beams have be combined into one with the anchor near the central axis of the
structure. Therefore, greater thermal resistance and higher thermal conversion efficiency can be obtained while
ensuring adequate balance of the structure.

3. Performance analysis

3.1. Thermal response H*Sy
The geometric parameters of the pixel structures are listed in table 2.

A,p in equation (2) is the absorption area in a conventional pixel structure without integrated metalens. In
the uniform irradiation case, the infrared radiation received by the absorber varies linearly with its area.
However, with a metalens, the infrared radiation absorption is no longer proportional to the size of the absorber
area, thus the equivalent area A, is used as a substitute for the calculation of thermal conversion efficiency,
which can be denoted by:

Ae = A pixel (8
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Figure 4. Thermal deflection simulations on X—Z plane and Y-Z plane (AT = 1K).
Table 2. Parameters of the designed pixel structures.”
Absorber size Length of thermomechanical Length of isolation Width of
A pmxB um cantilevers L, um beams Ljeg pim cantilevers t ym
la 26 x 58 114 164//164 2
1b 26 X 26 106 236//236 2
lc 26 x 26 106 (115//147)&223 2
2a 26 x 58 164 110//110 2
2b 26 X 26 162 180//180 2
2 26 x 26 162 (123//139)&119 2

* ¢//’ indicates a parallel relationship, while ‘&’ concatenation.

where 7 represents the effective fill factor and is defined as the ratio of the energy in the photosensitive area to the
total energy incident in the entire aperture, which is the predetermined pixel size Apie; = 3600pm?>. There are
two sizes of absorber in the designed structures, 26 pm x 58 pmand 26 ym x 26 pm. Converged by metalens,
the effective fill factor for the absorber with an area of 26 um x 58 pumis 1, = 93%, while 7, = 86.5% for the
absorber with an area of 26 um x26 pm. Following equations (2)—(4) & (8), thermal conversion efficiencies can
be calculated.

Thermal mechanical sensitivity St can be evaluated with equations (5) & (6) by approximating the pixel asa
single straight beam. Considering the wiggle structure of the bi-material section of the designs in figure 3,
numerical simulations have been carried out using COMSOL to obtain a more precise evaluation and the results
are shown in figure 4.

The thermal and thermomechanical properties of each design are listed in table 3. Comparing the design a
and design b, owing to the convergence of the incident energy with metalens, the absorption experienced a
reduction less than 7% even though the absorber area was reduced by more than 55%. It means that much space
can be saved for the thermal isolation structures with a slight reduction in absorption. Therefore, from design a
to design b, the thermal conductance of the thermal isolation legs G, experienced a 32% (39%) drop resulting
inahigher H, while the thermomechanical sensitivity decreased by only 12% (3%). Moreover, further
improvement of thermal isolation was achieved with design c with a more than 50% of reduction in Gj,. Asa
result, thermal conversion efficiency H of design (c) increased by 75% (60%) compared with design (b).
Therefore, the overall thermal response of double-stage and triple-stage nested design (c) improved by 85% and
123% compared with initial design (a), respectively.
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Table 3. Basis performance of the designed structures.

la 1b 1c 2a 2b 2¢
Gleg X 1072 W/K 68.75 46.61 19.13 100 61.11 29.85
Grad X 10’9W/K 17.86 17.86 17.86 17.86 17.86 17.86
Girotal X 107°W/K 86.61 64.47 36.99 117.86 78.97 47.71
H 0.010 0.012 0.021 0.007 0.010 0.016
Stpm/K 0.130 0.114 0.113 0.273 0.266 0.264
H*St x 1073um/K 1.30 1.39 2.42 1.95 2.66 4.34

3.2. Noise-equivalent temperature difference

Noise-equivalent temperature difference (NETD) is the minimum temperature change in an IR source that can
be detected with a signal-to-noise ratio of unity, defining the performance of an IR imaging system. The NETD
of the system is determined by three parts of noise: inherent noise limited by the FPA itself, noise introduced by
the readout system and base temperature fluctuation. Inherent NETD limited by the FPA is typically referred to
as the detection limit, while other noises can be significantly reduced by better experimental conditions or
utilizing a thermal stabilizing system [31]. Thus, only the inherent noise of FPA, which arises from temperature
fluctuation and thermomechanical vibration, is taken into consideration.

3.2.1. Thermodynamic fluctuation noise

Based on the statistical nature of the heat exchange with the environment, thermodynamic fluctuation noise
occurs in any thermodynamic system exhibiting random fluctuations in temperature. For the cantilever pixel,
the mean square temperature fluctuation at low-frequency range is:

4ks T?B
AT = |2 Grot = Grad + Gieg )
Gtotal

where G i the total thermal conductance from the cantilever to environment, kg Boltzmann’s constant, T
the cantilever’s temperature (~300 K), and B the detection bandwidth (=30 Hz).

3.2.2. Vibration noise

Vibration noise arises from two sources: thermal and external. Thermomechanical vibration in a mechanical
system comes from thermal energy and is fundamental in nature while the external vibration can be
experimentally alleviated and thus not discussed. The noise at off-resonant frequencies can be calculated as:

4kg TA
Othyvib = ks TAF (10)
gwoQ

where Af is the measurement bandwidth, which is typically about 30 Hz for a CCD detector; Q the resonance
quality factor, which is the ratio of the vibration amplitude at resonant frequency to that at off-resonant
frequency; and Q is typically about 10 at atmospheric pressure, and 100—1000 in vacuum (Q = 500 for our
calculation). gand wy are the cantilever’s spring constant and the system resonant frequency respectively, which
can be obtained by simulating [ 14]. Using the thermomechanical sensitivity of the cantilever, thermomechanical
noise can be converted to an equivalent temperature fluctuation as:

Oth,vib

ATy ip = (11)

T
Thus, NETD can be obtained as:

Alip = ATa? + ATj? NETDypy = 124 (12)

3.3. Thermal response time T
The thermal response time 7 is determined by Cy;, and Gy, the total heat capacity of the bi-material part of the
cantilever and the thermal conductance between the cantilever and environment, which can be expressed as:

Cin

total

T= ;Cth = Y (pVo)i (13)
in which p is the material density, V the volume, c the material heat capacity and i indicates each material used in
the cantilever element. Equation (13) indicates that better thermal isolation will result in a slowdown in the time
response of the pixel.
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Figure 5. Variations of performances with the thickness of Si N, in condition of dy, = 0.7ds;y,. (a) Thermomechanical sensitivity St,
thermal conversion efficiency H and thermal response H* St. (b) The mean square temperature fluctuation ATgy, AT vip and
NETDgpa.

Table 4. NETD and response time 7 of the designed structures.

la 1b 1c 2a 2b 2¢
g X 10’3N/m 5.34 7.76 4.96 2.97 3.72 3.40
woHz 4737 4737 5668 3075 4401 4229
ATy pK 41.48 48.08 63.48 35.56 43.44 55.89
ATy pK 48.2 45.6 52.6 38.2 29.3 31.5
NETDgpsy mK 6.36 5.46 3.85 7.31 5.24 3.90
T ms 38.56 29.02 50.57 31.22 28.51 47.19
FOM mK o ms 245.4 158.4 194.6 228.3 149.3 184.2

3.4. Figure of merit

Figure of Merit(FOM) is used to recognize the tradeoff between thermal time constant and sensitivity [32],

which can be written as:

And a smaller FOM is better.

FOM = NETD « 7

(14)

Table 4 lists the predicted performance including NETDs, response times 7, and FOM of the designed
structures. The optimizations effectively reduce NETDs by almost half, but with the sacrifices of the response
times. With higher thermal response, lower NETD and over 20 frames per second, design (c) is able to work well
for higher sensitivity in low framerate scenarios. However, in cases that need to take both NETD and response
time into consideration, design (b) with lower FOM can be a better choice. In addition, reliability and stability is
also important for a device. It can be seen that the reduction of anchors from design (b) to design (c) only slightly
reduces the spring constant g of the FPA structure and does not have a substantial impact on the system resonant
frequency wy, and therefore has a limited effect on the reliability and stability of the device.

3.5. The thickness effects of SiN, film

The thickness of SiN, film has direct effects on both thermal conversion efficiency H and thermomechanical
sensitivity St. The thickness of SiN, film d, defines the absorption length of the incoming IR radiance. It should
be emphasized that IR radiation travels twice as far in SiNy as its thickness because Au is extremely reflective of
infrared radiation. Hence, the absorption length [, in equation (3) is equal to 2d,. Although thicker film could
ensure more absorption on incoming energy, the thermal isolation would get worse due to larger cross section of
the beam (A ¢ in equation (4)). On the other hand, thermomechanical sensitivity St is inversely proportional to
d, according to equation (5). Therefore, as a combined effect, thermal response H*Sy increases as the film get
thinner. However, the noise analysis indicates that thinner beam would provoke larger vibration noise dy, vib
since the spring constant of the cantilever g is proportional to the cubic of the beam thickness d,. As a result,
even though with thinner beam, the cantilever is more sensitive to IR radiation, the sensor is subject to the
vibration noise, leading to the deterioration of the overall performance (NETD). The variations of thermal
response and NETD along with film thickness d, are illustrated in figure 5. It can be observed that at the range of

8



10P Publishing

Phys. Scr. 99 (2024) 015510 ZLuoetal

0.2 ~ 0.9um, the thicker the beam, the lower the NETD. But it is not difficult to see that as d, exceeds 0.5 pm,
further increase in d, would induce negligible gain in NETD. Hence, with the consideration of fabrication cost,
etc, the optimized thickness of SiN, film is set to be 0.5 ym.

4, Conclusion

The sensitivity of an optomechanical FPA relies on long thermal isolation structure, long thermomechanical
cantilever, and also large fill factor, which are usually hard to achieve simultaneously. By integrating a designed
metalens, the spatial competition among the key elements of the FPA can be alleviated without complicating
manufacturing. In this study, based on the initial nested structure, various optimized designs of optomechanical
FPAs with integrated metalens array are analyzed and evaluated. The convergence of incident IR signal by the
pixelated metalenses enables high effective fill factors with a small IR absorption area. The reduction of the IR
absorption area frees up the space for longer thermal isolation beams and also the thermal deformation
cantilevers. Therefore, both the thermal conversion efficiency and thermomechanical sensitivity experience
significant improvements simultaneously. Compared with the initial double anchor designs, the single anchor
arrangements (1c and 2¢) further reduce the heat loss on the sensors. The theoretical and simulation results
indicate that the single-anchor, triple-stage design achieves high thermal conversion efficiency H = 0.016 and
thermomechanical sensitivity St = 0.264um /K. Hence, the combination performance H* St increases by more
than 3 folds compared with the initial design (1a). With the consideration of thermodynamic fluctuation noise
and thermal vibration noise, an inherent NETD value of 3.9mK at the preset 60pm x 60um pixels is achieved.
However, as NETD decreases, the response time correspondingly increases. Based on the consideration of FOM
and application, design (c) is able to work well for higher sensitivity in low framerate scenarios and design (b) is a
better choice for scenarios where NETD and response time are both important. Furthermore, the influence of
thickness of bi-material cantilevers is further discussed on the performance of FPA. Notably, partial absorption
of the radiated energy within the SiN, film is discussed even though the thickness of absorbing material exceeds
the penetration depth. Consequently, the absorption of incident infrared radiation determined by the thickness
of absorbing material is introduced into the calculation of thermal conversion efficiency as a factor to ensure a
more precise optimization. And it is found that dg;, = 0.5 pm can be the best choice.
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