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Anti-Corrosion, High-Sensitivity, and Scalable: AUG.ZI

Next Generation 2D Material Gas Sensor Chip
Technology

Department of Materials Science and Engineering, Sensors
National Tsing Hua University
Dr. Yu-Lun Chueh, Chair Professor
LR L To address the rapid degradation of electrochemical sensors, our
team focuses on detecting corrosive gases, offering durable and
stable 2D material-based sensors to reduce replacement and
calibration costs. Key advantages include minimal humidity and
baseline drift, linear temperature response, high wafer uniformity,
atomic-level sensitivity, and tunable selectivity. Third-party tests
confirm our sensors outperform commercial ones in NH; and H,S
detection with better stability and plug-and-play usability.

Smart Dust

Project Highlights

* Market Positioning: Our product focuses on enhancing durability and
stability, reducing sensor degradation over time to extend replacement
cycles and lower the total cost of ownership.

* Six Core Technical Advantages of 2D Materials: (a) Low humidity-induced
drift (b) Easy temperature calibration (c) Minimal baseline drift (d) High
wafer-level uniformity (e) High sensitivity (f) High selectivity ratio

* Third-Party Performance Verification (a-site): Independent validation
confirms our sensor components are highly sensitive and stable,
outperforming commercially available competitors.
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Industrial Applications

* Semiconductor Industry — Gas sensors deployed in factory environments to monitor toxic gas
emissions during industrial processes and to ensure workplace air quality.

* Advancing Smart Cities — Providing real-time and accurate environmental data to enhance the city’s
public image and improve residents’ quality of life.

Patent : Manufacturing Method of Two-dimensional Transition-metal Chalcogenide Thin Film

Patent Number US9,460,919 B1 Patent Term~ 2036/03/04

A method for manufacturing 2D transition-metal chalcogenide films uses a substrate, a transition-metal reaction film,
a chalcogen source, and plasma to induce a reaction, forming a thin film.

National Tsing Hua University TEL 03-5715131 #33827
RencHiao Guo Email  a0963932564@gmail.com

Contact Person
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Design and Algorithm Implementation of AUG‘Z I
a High-Speed Intelligent Readout Circuit for an

All-in-One Gas Sensor Chip Array Smart Dust

Institute of Electronics, National Yang Ming Chiao Tung University Sensors
Dr. Ray-Hua Horng

This research proposes a robust gas concentration estimation
framework by combining advanced gas sensor fabrication with
edge-oriented Al modeling. Two types of sensors were developed:
a ZnGa,0,-based NOx sensor grown on sapphire using MOCVD,
and a MEMS-based multi-gas sensor using SnO, films and
suspended structures for detecting H,S, TVOC, CO, and SO,. To
improve prediction accuracy under environmental interferences
like cross-sensitivity and temperature/humidity variations, a hybrid
MLP-LSTM deep learning model was used. Data preprocessing
included missing value interpolation, normalization, and cross-
validation. The model achieved R? values above 0.87 for all gases
and was deployed on ESP32 with TensorFlow Lite, enabling real-
time, low-power inference on edge devices.

: k
College of Electrical and Computer Engineering,
National Yang Ming Chiao Tung University

Chair Prof. Ray Hua Horng/Paul C.-P. Chao

Project Highlights

*  This study proposes an innovative MLP-LSTM architecture that effectively addresses the issues of cross-sensitivity and
environmental interference in gas sensors.

» Compared to traditional static models, the proposed method captures both spatial and temporal features, significantly

improving the accuracy of multi-gas prediction. * Missing data is handled through linear interpolation, and

Z-score normalization is applied to enhance feature

Multiple Gas Devices Sensing and At-edge Computation N consistency.

* The model is deployed on an ESP32 edge device,
integrated with TensorFlow Lite, enabling real-time, low-
power inference for portable and scalable environmental
monitoring.

* Experimental results show that the model achieves R?
values of 0.889, 0.888, 0.879, 0.875, and 0.880 for H,S,
TVOC, CO, SO,, and NOx respectively, demonstrating high
stability and strong practical application potential.

* When tested on the publicly available UCI ML Repository
dataset, the proposed model achieves the lowest MAE
compared to other gas sensing systems (CO: 0.124 ppm,
NOx: 113 ppb, H,S: 0.108 ppm, TVOC: 110 ppm, SO,: 0.13
ppb), highlighting its superior performance and
breakthrough capability.

Industrial Applications
e The system integrates MEMS and ZnGa,O, sensors with MLP-LSTM Al for accurate, low-power gas
detection on edge devices, suited for smart cities, wearables, mobile, and remote monitoring.

Patent (1) : Gas Sensing Device

Patent Number 1767241B Patent Term ~2040/05/27
A gas sensing device includes a thermal insulation single crystal substrate, a sensor for sensing gas concentration and a heater for providing a

temperature which is needed for sensing gas. The sensor and heater are in a first surface of the thermal insulation single crystal substrate.
The sensor has a micro-structure to improve a sensing accuracy.

Patent (2) : Micro Gas Sensor With Suspended Heater

Patent Number 17641848 Patent Term ~2040/06/28

This invention provides a micro gas sensor with suspended heater, which comprises an insulated substrate including a first surface and a heat
insulation cavity recessed from said first surface to a second surface opposite to said first surface, a patterned gas sensing layer suspended
over said heat insulation cavity and adhered on a periphery of said first surface and been a metal oxide with single crystal structure, and a
patterned heating layer surrounded apart from said patterned gas sensing layer and adhered on said periphery of said first surface such that
said patterned heating layer suspends over said heat insulation cavity.

College of Electrical and Computer

Engineering, TEL 03-5712121 #31377

Contact Person pnational Yang Mi : versi
g Ming Chiao Tung University .
Bt el Cnl2 @ e Email pchao@nycu.edu.tw
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AUC.21

Development of a Micro Hydrogen Sulfide (H.S)
Gas Sensing Module for Smart City Applications Smart Dust

Department of Electronic Engineering,
National Kaohsiung University of Science and Technology Sensors

Dr. Ting-Jen Hsueh

The sensor chips developed by our team were fabricated using the 6"-8" MEMS
technology service platform at the TSRI Southern Regional Center. After fabrication,
the chips underwent small-scale pilot packaging production at the gas sensor chip
packaging facility established within the Semiconductor Packaging and Testing Center
of National Kaohsiung University of Science and Technology. The resulting micro
hydrogen sulfide gas sensor chips feature low power consumption, low cost, fast
response, high sensitivity, high stability, and high selectivity. Furthermore, the circuit
module system was streamlined, standardized, and packaged, assisting academia in
achieving localization of sensor component modules and establishing independent
sensor technology capabilities.

Field deployment and testing were carried out at the Qijin Central District Wastewater
Treatment Plant in Kaohsiung, including setup and testing of signal transmission,
networking, and power supply functions. Measurement data were compared with
environmental temperature and humidity meters as well as internationally
benchmarked gas sensors. The collected data were transmitted back to a cloud
technology platform to form a regional monitoring network, thereby enhancing the
competitiveness of domestic industries in gas sensing products and smart networked
monitoring systems.

Project Highlights

» Developed MEMS gas sensing chips at the TSRI Southern Regional Center, creating a highly sensitive H,S chip-type gas
sensor with a compact size of 0.7 mm x 0.7 mm x 0.4 mm.

Conducted field networking setup and on-site testing at the Qijin Central District Wastewater Treatment Plant.
Performed measurement data comparisons with internationally benchmarked gas sensors.

Performed measurement data comparisons with commercially available sensors.

The gas sensor developed under this project has completed product packaging and has been integrated into the signal
circuit board.

A
EYTET 5 S €5 1
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Industrial Applications

» Developed MEMS gas sensing chips at the TSRI Southern Regional Center, creating a highly sensitive H,S chip-type gas
sensor with a compact size of 0.7 mm x 0.7 mm x 0.4 mm.

* This product is newly developed, and deployment can be progressively expanded:

First in environments with constant temperature and humidity (such as semiconductor manufacturing plants, storage rooms,

or materials analysis laboratories), Then in environments with relatively small temperature variations (such as wastewater

treatment plants, sewers, or facility management sites) for broader promotion.

Patent : Structure of a Gas Sensor

Patent Number 1706571 Patent Term

This invention relates to a micro gas sensor structure comprising a hollow structure, an insulating layer, a low stress dielectric layer, a heating
element, and electrodes, with a sensing film disposed on the heating element. An oxide layer is formed at the bottom of the hollow structure.
This design enhances support performance and stability, enables sensing at high temperatures exceeding 500 °C, and improves both product
competitiveness and practicality.

Department of Electronic Engineering,
National Kaohsiung University of Science TEL 07-3814526 #15625

Contact Person Technol
Dr. ?I.Tz e_jenr? ilgsyueh Email tj.hsueh@gmail.com
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Smart Dust Sensor Technology AUG.ZI

R&D Service Platform Smart Dust

* National Center for Instrumentation Research Sensors

Dr. Fong-Zhi Chen

This project aims to establish a comprehensive sensor fabrication
service platform, comprising a heterogeneous sensor integration
process platform and a sensor networking and modular integration
testing platform. The objective is to support academia in localizing
sensor module development and fostering domestic capabilities in
sensor technologies. Grounded in forward-looking engineering
practices and integration testing technology development, the project
will implement real-world sensor deployment and utilize loT
technologies to form a regional monitoring network. This approach is
expected to significantly enhance the competitiveness of the domestic
industry in gas sensing products and smart networked monitoring
systems.

National Center for Instrumentation Research

Dr. Wen-Tse Hsiao

Project Highlights

e Collaborative development between academic teams and domestic industry on semiconductor-based,
miniaturized spectrometer, and optical gas sensor technologies.

* Integration of advanced academic research with the value-added capabilities of institutional platforms to
cultivate domestic self-sufficiency in sensor R&D, foster industrial clustering, and promote real-world
industrial applications.
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Industrial Applications

« Bridging critical sensor technologies to pilot-scale industrial implementation and localized productions
- such as materials, fabrication processes, circuits, modules, and systems.

« Expanding applications to civilian, societal, and industrial domains, including:

* (1) Environmental Protection Administration (EPA) standard monitoring stations, (2) semiconductor
manufacturing facilities, (3) wastewater treatment plants, and (4) smart city applications.

Patent : Multi-probing Device

Patent Number 1687691 Patent Term 2020/3/11~2038/12/16

A probing device is applied to a probing and testing system for semiconductor or electronic components, especially to a
probing and testing system that is used to input a specific gas inside. To fix a probe card at one end of the probing device, and
then introducing a specific gas into the interior of the probing device before starting the probing operation, and guiding the
specific gas to the area of the probe tips on a probe card by the mechanical design. A plurality of probe tips simultaneously
contact a plurality of pads of a plurality of dies on the wafer, and an appropriate voltage or current is applied to perform an
electrical test of dies on the wafer to ensure product quality.

National Center for Instrumentation 03-5779911 #594

Contact Person Research '
Dr. Wen-Tse(Vincent) Hsiao wentse@niar.org.tw
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Micro-spectrometer-based Full-field AUG.ZI

Ultra-miniature Gas Detection and
Micro-spectrometer Application Development K5 ElcabIIS;

Graduate Institute of Automation and Control, Sensors
National Taiwan University of Science and Technology

Dr. Cheng-Hao Ko
™

This project aims to develop ultra-miniature optical gas sensors,
combined with spectroscopic analysis technology, to realize real-time gas
monitoring in the whole field. The core technologies include: micro-
spectrometer, thin-film gas adsorption, and plasma spectral sensing
system.

Spectroscopic Sensing System: This system uses a self-developed micro-
spectrometer (Spectrochip) paired with a specific wavelength light source
to detect spectral interference changes caused by gas molecules.
Sensitivity is enhanced by adjusting parameters such as exposure time
and signal gain.

Smart Thin-Film Materials: In collaboration with ITRI and Advanced
Optoelectronic Technology Inc., we've developed various gas-sensitive
thin films (such as titanium dioxide, zinc oxide, tungsten trioxide, and
quantum dot films). These films can be swapped depending on the target
gas (e.g., CO, CO,, H,S, NO,) and detection accuracy (R2>0.9) is optimized
using temperature and humidity calibration curves.

Plasma Spectroscopic Sensing System: This system uses the Spectrochip
to measure the spectral wavelength of plasma within a vacuum tube,
thereby analyzing the different gas compositions within a mixed gas
environment.
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Project Highlights

* Miniaturization and multi-gas detection: High sensitivity can be achieved with a film thickness of only 3 microns, and
the film can be changed to detect different gases.

* Environmental adaptability: Highly linear correlation between spectral wavelength shift and environmental parameters
in the range of 80°C to 200°C and 20% to 70% humidity, ensuring reliability in outdoor applications. Compensates for
environmental changes.

» Cross-border cooperation: Integration of academia (NTUST), research institutes (ITRI) and industry (OPTOTECH) to
accelerate technology implementation.

* Low-cost optical solution: Self-built spectrometer replaces traditional Raman spectroscopy and other high-priced
equipment, lowering the deployment threshold.

»  Field security: Long-distance detection via optical fiber without power supply reduces field security risk.

Industrial Applications
* Intelligent Factory: Real-time monitoring of hazardous gases (e.g. CO, H,S) in the production line to prevent risks.

* Smart City: Deployed in public transportation systems or public areas to detect air pollutants (PM2.5, NO,) and
optimize environmental quality.

* Smart Home: Integrate the Internet of Things (IoT) in the home to detect indoor CO, concentration or gas leakage to
enhance residential safety.
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