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Improved Response Characteristics of GaN-Based Hydrogen Sensor
with SnO, Nanoparticles
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Abstract

AlGaN/GaN-heterojunction-based hydrogen sensors were fabricated, in which SnO, nanoparticles were added on top of the Pd catalyst
to improve their response characteristics at room temperature. The SnO, nanoparticles were deposited by a simple spin-coating method
followed by an annealing process. While the reference sensor with a Pd catalyst without SnO, nanoparticles exhibited hydrogen reaction
at room temperature with long response and recovery times, the sensor with SnO, nanoparticles on top of the Pd catalyst exhibited

dramatically faster response and recovery times due to the increased response surface area and their redox mechanism. In addition, its
sensing response was further enhanced under UV illumination.
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Fig. 1. 3D schematic of GaN hydrogen sensor with SnO,
nanoparticle/Pd catalyst.
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(a) Current-voltage characteristics with and without UV illumination
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(b) Response characteristics with and without UV illumination.
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Fig. 2. Sensing characteristics of GaN heterojunction based
hydrogen sensor with Pd catalyst.
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(a) Current-voltage characteristics with and without UV illumination
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Fig. 3. Sensing characteristics of GaN heterojunction based
hydrogen sensor with SnO, nanoparticles/Pd catalyst.
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Fig. 4. Response and recovery characteristics of AlGaN/GaN

heterojunction based hydrogen sensors.

95



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 2, February. 2022.

mZ &

B ATLE 539 Pd 252 FWE ST MM F
of 24l Sn0, HiEdASE FHete] A2 PSR
A &35 At Pd B Ful S AR A
o Bl sto] WhS7h A FE ] Hf 190 %°] whS
T8 Atk /HAE W EE Sn0, YA e 4t
s 9 3 W oE EHE 4§54 E4E ALRHY,
HhS- 9] FR At ol AF oA wfg- whE whE B
& 54 Byt

References

[1] P. Agnolucci, "Economics and market prospects of
portable fuel cells," International Jowrnal of Hydrogen
Energy, vol. 32, no. 17, pp. 4319-4328, Dec. 2007.

[2] T. Hiibert, L. Boon-Brett, V. Palmisano, and M. A.
Bader, "Developments in gas sensor technology for
hydrogen safety," International Journal of Hydrogen
Energy, vol. 39, no. 35, pp. 20474-20483, Dec. 2014.

[3] C. H. Han, S. D. Han, and I. Singh, "Thermoelectric
hydrogen sensor using Li;Ni; 4O synthesized by molten
salt method," Korean Journal of Chemical Engineering,
vol. 23, no. 3, pp. 362-366, May 2006.

[4] K. H. Baik, J. M. Kim, and S. Jang, "Highly sensitive
nonpolar a-plane GaN based hydrogen diode sensor with
textured active area using photo-chemical etching,"
Sensors and Actuators B: Chemical, vol. 238, pp. 462-
467, Jan. 2017.

[5] M. Fisser, R. A. Badcock, R. D. Teal, and A. Hunze,
"Optimizing the sensitivity of palladium based hydrogen
sensors," Sensors and Actuators B: Chemical, vol. 259,
no. 15, pp. 10-19, Apr. 2018.

[6] 1. H. Kadhim, H. A. Hassan, "Room temperature hydro-
gen gas sensor based on nanocrystalline SnO, thin film
using sol-gel spin coating technique," Journal of Mate-

rials Science: Materials in Electronics, vol. 27, no. 5, pp.

96

4356-4362, Jan. 2016.

[7] L. L. Fields, J. P. Zheng, Y. Cheng, and P. Xiong,
"Room-temperature low-power hydrogen sensor based on
a single tin dioxide nanobelt," Applied Physics Letters,
vol. 88, no. 26, p. 263102, Jun. 2006.

[8] J. H. Choi, T. H. Park, J. H. Hur, and H. Y. Cha, "Room
temperature operation of UV photocatalytic functionalized
AlGaN/GaN Heterostructrure Hydrogen Sensor, Nano-
materials, vol. 11, no. 6, p. 1422, May. 2021.

[9] S. T. Hung, C. J. Chang, C. H. Hsu, B. H. Chu, C. F.
Lo, and C. C. Hsu, et al., "SnO, functionalized AlGaN/
GaN high electron mobility transistor for hydrogen
sensing applications," International Journal of Hydrogen
Energy, vol. 18, no. 18, pp. 13783-13788, Sep. 2012.

[10] M. Trivedi, K. Shenai, "Practical limits of high voltage
thyristors on wide band-gap materials," Jouwrnal of
Applied Physics, vol. 88, no. 12, pp. 7313-7320, Nov.
2000.

[11] W. H. Jang, J. H. Choi, C. Y. Han, H. S. Yang, and
H. Y. Cha, "Photoresponsivity enhancement of AlGaN/
GaN heterojunction phototransistor with ZnO nanodot
coating layer," Journal of Semiconductor Technology
and Science, vol. 21, no. 1, pp. 80-83, Feb. 2021.

[12] J. H. Choi, T. H. Park, J. H. Hur, and H. Y. Cha,
"Room temperature operation of UV photocatalytic
functionalized AlGaN/GaN heterostructrure hydrogen
sensor", Nanomaterials, vol. 11, no. 6, p. 1422, May.
2021.

[13] S. W. Fan, A. K. Srivastava, and V. P. Dravid, "UV-
activated room-temperature gas sensing mechanism of
polycrystalline ZnO," Applied Physics Letters, vol. 95,
no. 14, p. 142106, Oct. 2009.

[14] B. D. Boruah, "Zinc oxide ultraviolet photodetector:
rapid progress from conventional to self-powered
photodetectors," Nanoscale Advances, vol. 1, no. 6, pp.
2059-2085, Apr. 2019.



3 9 H [EustaA A
https://orcid.org/0000-0003-4458-5568
2020 8¢ Tthstu HAA 7)o

(T34
e o 2020 9€ ~&A: Zuisty Mz
- J_Q._,/]_ /\4/\}_‘4.24

(= DAl

(F & :n-.v_-o ] Power Semiconductor, Hydrogen,
"t

oo @ R sl

https://orcid.org/0000-0001-9119-9518

2018'd 8¢: 7Hwh sl sk Eekst
(3

20209 89: 7MUY YA r|Eg
G ABARFIAT (FIHD

20204 9L~ FA St et
Negyast HEFIIAT Wt
34

[ A Z0H Flexible Electronics, Optical Sensor, Quantom Dot,

Oxide Semiconductor &

& A & [P gt/
https://orcid.org/0000-0003-1604-6655
20009 29 A gu st SEeR (5

\ s
L;@' 20083 89: Purdue University, Chemical

__-;_ : Engineering (3 SFHHAH
— 20083 ~2014: Samsung Advanced Institute
‘ﬁ . of Technology (Research Scientist)
20143~ 7Rt s 5 okt

ZHAZ0f Photodetectos, Organic Semiconductor, Polymer
Materials, Carbon, Quantom Dot

$n0; e QRS 88 GaN ZlH 24 AN BEE A AT

I RN s iy

https /lorcid.org/0000-0003-1150-0839

T 20099 29: AV Y wreA a4
g3} (TR

20124 2€: AEOSY WEA A}
g3t (F8AAh

L 2017 29: Axu)sh wEA ey E
‘xf . a3} (Z3huh))
2017'4~2019'4: = AFAIAFL (Post
Doc.)
20199 ~AA: ety WEtE A AAALAATFAE AT
»
2z

[Z Z+A20}] Power Semiconductor, Sensor, GaN =

A5 [FAm S/
https://orcid.org/0000-0002-1363-3152
199613 29 Agth 3t A7) 3 3He (33

=

/\]-)
19993 29: Metf sty A7) TR (35
. | A}

: 20043 5€: Cornell University, Electrical
ﬁ and Computer Engineering (&M}
20043~2005'3: Cornell University, Electrical
and Computer Engineering (Post Doc.)
2005'd ~2007'3: GE Global Research Center (Research Engineer)
20079 ~8A: SOty AR F R A

[ ZHAF0} Wide Bandgap Semiconductor Devices and Sensors

97



