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ABSTRACT

Gas sensors play a crucial role in our lives. In environments where gases are
colorless and odorless, relying on our own vision and sense of smell is insufficient to
understand the conditions. Through gas sensors, people can assess the hazards in the
environment and take necessary actions to avoid tragedies. Based on the data on gas
concentrations, when indoor carbon dioxide (CO2) levels exceed 1000 ppm, it affects
human respiration. Carbon monoxide (CO), even at a few hundred ppm, can cause
unconsciousness, and concentrations above 2000 ppm may even be lethal. Ammonia
(NH3) at 20 to 25 ppm can irritate our skin, eyes, and respiratory system. In the field of
medicine, some studies indicate that patients with liver diseases exhale ammonia
concentrations exceeding 0.7 ppm, while the exhaled ammonia concentration in healthy
individuals is below 0.3 ppm. In terms of food preservation, the spoilage of food can
produce gases such as sulfur dioxide (SO2) and ammonia. Therefore, the development
and improvement of gas sensors, validated through practical gas sensing applications,
would enhance the sensitivity and selectivity of the sensors towards gases. Graphene,
with its superior physical properties, excellent electron transport speed, high-quality
crystals, and low resistance, has been widely applied in various fields, including gas
Sensors.

This study primarily focuses on carbon-based gas sensors, including monolayer
graphene, bilayer graphene, and laser-induced graphene (LIG).

Monolayer graphene is prepared through chemical vapor deposition (CVD) by
polishing copper foil, placing it in a high-temperature furnace, and introducing argon gas,

hydrogen gas, and methane. Carbon atoms are deposited on the copper foil to grow
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monolayer graphene, which is then transferred onto a substrate. Bilayer graphene is
transferred onto the copper foil of monolayer graphene and subsequently onto the
substrate. The prepared sensor devices undergo nitrogen modification using a low=
damage plasma (LD-plasma) system. In the LD-plasma system, complementary shielding
plates are used to block most of the ion collisions and ultraviolet radiation, significantly
reducing surface damage to graphene. By adjusting the heating temperature and analyzing
the Raman spectra with a Raman spectrometer, the most suitable temperature for
stabilizing and controlling the nitrogen-modified graphene is selected. Subsequently, by
varying the nitrogen modification time and observing the peak ratio of the G peak and D
peak in the Raman spectra, the modification status and success of the gas sensing elements
are preliminarily determined, identifying the gas sensing devices with the best sensing
ability at different modification times.

Next, the LIG devices are tested for the resistance-temperature variation to discuss
the linear relationship between temperature and resistance within a specific temperature
range. The same modification conditions as monolayer graphene and bilayer graphene
are applied using the low-damage plasma system to nitrogen-modify the LIG. Raman
spectroscopy is used to analyze and discuss the obtained Raman spectra under different
nitrogen modification times.

Finally, the modified monolayer graphene, bilayer graphene, and LIG are subjected
to measurements of different concentrations of carbon dioxide, ammonia, and carbon
monoxide. The carbon dioxide concentration ranges from 1000 ppm to 5000 ppm, while
ammonia and carbon monoxide concentrations range from 0 ppm to 10 ppm and 100 ppm,
respectively. A comparison is made among the three types of sensors regarding their

responses to different gases and concentrations.

Vi
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.’, " . v/ NO,; molecule
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Seekaew % 4 11 CVD % = £ Z«,‘*;;%'fﬁ hdrshr o A s %_wagévig L 4B
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40 - B NO, 25 ppm
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BHE[44] 305 F k&R & 75ppm hresponse i ¥ 3.55% @ 400ppm T response
#7]29.87% > 4cBl 2-19(a) 7o c BEEFER PN ERTE F 0 PAZERT ER

7 45 AU B % 0 4o 2-19(b)
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_joJirpmj _jppm; ippmi  ippmi  ppnm 0
270 540 810 1080 1350 1620 1890 2160 50 100 150 200 250 300 350 400 450
Time (s) Concentration (ppm)

(a) (b)

Bl 2-19LIG 4 # RRlE% (S RE M 2B ~ (O) SRk R M % B[44]
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(a) Unmodified Single Layer Graphene
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(a) Unmodified Single Layer Graphene
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(a) Unmodified Single Layer Graphene
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Unmodified Single Layer Graphene
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(3_ Unmodified Stacking Bilayer Graphene
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(a) Raman Analysis
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Resistance versus time
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Resistance versus time in 6 ppm NH;
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NH; sensing with different Modification time
Single Layer Graphene
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NH; sensing with different Modification time NH; sensing with different Modification time
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(a) 5 min nitrogen Modified LIG NH; sensing
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