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Clean energy source ‘Hydrogen(H,)

» Global warming & energy shortage

» Hydrogen has been researched in various industries.

H, fuel cell vehicle

H, production H, transportation

The development of highly sensitive, low temp sensing and accurate gas detection technology.




Necessity of H, gas sensors

Low research and development

» Various gas sensors development indicator (2019 vs. 2024)

Hydrogen Sensor Publications
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@] Development of real-time & room temperature detection sensors

@ Research and development of poor global 'hydrogen gas sensors'

Hydrogen Explosion

Explodes (2019. 05. 23. gangneung)
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The properties of H,
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Hydrogen embrittlement

>

» Wide flammability range, lighter than air

> Colorless, odorless

> Smallest molecule in the universe
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Nano Materials : MOS, Palladium

Molybdenum disulfide (MoS,)

Raman Test for
MoS, on SiO,/Si
wafer
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»  Flexibility and High electron mobility [200~300cm”" 2/Vs]
>  Direct/indirect bandgap (Depending on the number of layers)

» High sensitivity to toxic gases and high surface area-to-volume

Palladium (Pd)

(1) H; (gas) — H, (ads)
(2) H, (gas) — 2H (ads) on Pd
(3) Pd(s) + H (ads) — PdH, (s)

HH
(2) (3)
H, reacted reacted QYK Hzo
with Pd | ) with O, : N

» Simple mechanism of operation [Resistance transition]
» High selectivity detection (H,) at room temperature

»  Humidity stability [due to H, reaction]

» Low volume expansion and high strength

> Low temperature detection possibility

The development of highly sensitive and accurate gas detection sensors

The development of low temp sensing and simple structure sensors




Nanocomposites based H, Gas Sensors

Proposed H, Gas Sensor structure

» Pd decorated MoS, channel

H, sensing mechanism of Pd decorated MoS,

Step1.H osure i iati
ep 1. hy exp Step 2: H, dissociation Step 3. H reacllon with
(spillover effect)

H2 oxygen ions on MoS,
Pd \ o '1)\‘.4 o H+o; HO

» Step 2. forming reactive H (atom) and spreading to near MoS,
» Step 3.H+ O, = H,0 +e combine electron

» Electrons increase current in the MoS, channel when exposed to H,.




The fabrication process of the Pd decorated MoS, sensor

The fabrication process
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Si0, Wet Oxidation MoS, Deposition

Au/Ti electrode Deposition

Sputtering

Gas Inlet

» Process flows
P-type wafer preparation & cleaning
SiO, Wet oxidation
MoS, CVD synthetic
Pd decorated by DC sputtering

Metal electrode (Au/40nm, Ti/10nm)

» Pd deposited by DC sputtering
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Fabrication process G4




Measurement Result [H, sensing]

Pd 3nm decorated MoS, H, Sensor
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Increase in surface area due to Pd thickness optimization

= Fast response time and room temperature operation

Time [s]
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H, Sensor Table

. Definition of Concentration Temperature cpros Response
Materials Sensitivity (ppm) C) Sensitivity Time (s) Reference
Pd/MoS, (Rg—Ra)/Ra x 100% 50,000 RT 1000 40 2]
Pt/Tiop /MoS; (Rg-Ra)/Ra 2000 100 0.749 150 [14]
MoS; /ZnO Rg/Ra x 100% 500 RT 51.5 14 [15]
Pd/MoS, (Rg—Ra)/Ra x 100% 500 RT 33.7 16 [8]
Pd/MoS, (Rg—Ra)/Ra x 100% 10,000 RT 35.3 786 [7]
Pd/MoS, Ig/10 40,000 RT 2.77 4~5 This work
» Schematic of H, gas sensor > Measurement Result
Pd3nm Y 140"'“
10 .
—T'I"m\ MoS, = Response time (s) : 4~5
sio ‘300nm 1.4nm o
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Machine Learning
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Machine Learning Model

<Random Forest Model> .
Majority
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’ 6 Random Forest
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Model Accuracy

Mean Sauared Error for Concentration: 0.05061985820695702
R2 Score for Concentration: 0.939405729803984339
Accuracy for Status Prediction: 0.979

True vs Predicted Concentration

p . nfusion Matrix for Prediction
10 ® True vs Predicted Concentration Confusio atrix for Status Predictio
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Conclusion
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Roza, M. Q,, Nadarajah, M., & Ekanayake, C. (2016). On recent advances in PV output power
forecast. Solar Energy, 136, 125-144
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Fig. 3. Correlation between solar irradiance and PV power output.
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outputs to

recurrent next layer

connections,___
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Staudemeyer, R. C., & Morris, E. R. (2019). Understanding LSTM--a tutorial into long short-term memory

recurrent neural networks. arXiv preprint arXiv:1909.09586.
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Comparison of MSE Across Different Models and Data Sets
a0 . STM
BN NREL

31.51

Training Validation Test 01
(GWNU C9) (GWNU preschool) (GWNU C3)
Cap: 70.84 kW Cap: 25.35 kW Cap: 48.6 kW
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Date-wise Trend

" Day of Year (2022)

kW per day

Date-wise Trend

Day of Year (2022)
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Questions & Answers - suseezn Lyl

Q&A
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