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Abstract Methodology
Uncooled IR sensors, traditionally dominated by bolometers, thermopiles, anad Electromagnetic Simulation and Modelling Technigues
pyroelectrics, face size limitations for wearable and mobile applications. The PML

emerging TMQOS sensor, based on CMOS-SOI-MEMS, offers a promising solution.
However, miniaturization challenges sensor sensitivity. Metamaterials, engineered
materials with unigue electromagnetic properties, can enhance sensitivity while
enabling size reduction. This study investigates the impact of MIM metamaterial
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absorbers on the thermal properties (Gth, Cth, Tth) and optical absorption cource
efficiency of CMOS-SOI-MEMS sensors in the mid-IR region. We explore the effects ,
of material selection, layer thickness, and metamaterial geometry on sensor MIM Geometry
performance using analytical and 3D thermal and electro-optical modelling and Periodic
simulation.
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Metamaterials and Metal-Insulator-Metal Absorbers

Metamaterials are engineered materials with unique electromagnetic properties
not found in nature. Results and Conclusions

MIM (metal-insulator-metal) absorbers can be designed to perfectly absorb light 800
at specific wavelengths.

Absorption Efficiency

e The results show near-
perfect absorption
(greater than 98%) in the
mid-infrared region

e The radius of the MIM

disk affected the

absorption spectrum.

Larger radii caused

redshift and decreased

quality factor.

To
p Dattemed Mety | 10.8
ayer

~J
-
-

B 04

Disk Radius [nm]
2

h
-
-

6 8 10
Wavelength [m]

12 14

Design

e The MIM structure has a minimal impact on thermal conductance, but it
influences thermal capacitance and time constant.

e The MIM insulator thickness significantly affects thermal performance, with
thicker structures increasing thermal time constants.

e Metal choice has a minimal impact on thermal performance.

1 - Optical absorption efficiency N.A 0.77 0.9871

Integrating MIM Absorbers with CMOS-SOI-MEMS Sensors

. This study investigates the effects of integrating MIM absorbers on the thermal and electro-
optical characteristics of TMOS sensors.
FDTD simulations were used to optimize the MIM design for maximum absorption in the mid-
infrared range.

. Thermal simulations were conducted to assess the impact of the MIM absorber on the sensor's

thermal performance.
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