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Abstract: The detection of toxic and harmful gas NO,
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is an important measure to reduce environmental i
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pollution. In the field of gas detection, silicon Thinned & Etching
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nanowires array is an excellent material because of its

surface functionalized modification and admirable 4
biocompatibility. Therefore, silicon nanowires array st/ N
has attracted a wide range of attention in the field of A
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photovoltaic devices, electronic devices, biosensors Time(min)

and other fields. The nano size of graphene quantum dots makes it possess great biocompatibility and chemical
stability, furthermore, its aqueous solution can functionalized modify different types and sizes substances. The
chemical etching method was combined with the metal assisted etching method, based on P monocrystalline silicon,
to prepare high-quality flexible silicon nanowires array with uniform morphology. A flexible graphene quantum
dots/silicon nanowires core—shell structure array with stable surface and strong carrier transport ability was obtained
through the further modification with graphene quantum dots on its surface, the array was used to detecting NO,. The
results showed that, by the modification of graphene quantum dots, the surface oxidation of silicon nanowires array
can be avoided and the surface stability of silicon nanowires array is improved. What’s more, owing to the strong
ability of graphene quantum dots to attract and store the electrons, the carrier migration rate of the device is further
improved. When the device is used for gas detection, resistive gas sensor based on this array had extremely high
sensitivity and repeatability of NO,, and the detection limit of NO, reached to 20 mg/m’. The gas sensing properties
of the flexible graphene quantum dots/silicon nanowires array could be maintained with different bending angles. The
response current peak when the bending angle was 90° can still hold as 70% of the value before bending.
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4 % B

ZoAb 2 20 b ol T ) 4% M B R RE R, PR &
ol B 2 2 i ) 4% R MR R 9K 2R (SINWS)BE B, 42
B ET H(GQDs) B 1143 1 GQDs/SINWs 12 —55 45
FREFY,  FH IR BOR &R NO2, 153140 R 2518

(1) HEBRPE SR T AL 2 20 i 5 4 T il B 2
S G, W RIS — . 7038 50 i i &2 2
SiNWs FE51 2514

(2) GQDs &1 SINWSs FEF1 0] $2 St 9ok 26 R 1 1)
T P BB T AR Y%, T4 1 SINWs BEFIXF NO,
SRRIRITERE s T 2P GQDs/SiINWSs FEFI#% 745
P B A S AN R FE NO, AU B AR =1
TRIE R, KSR FE AR BR AT IA 20 mg/m?.

(3) & il GQDs/SINWS FEFIIRT NO, (/5 A 4
re R, S 900 B, A [ BN R] P PR e S FEL AL T A
KA HE ) 70%.

SE R

[1] Claramunt S, Monereo O, Boix M, et al. Flexible gas sensor array
with an embedded heater based in metal decorated carbon
nanofibres [J]. Sens. Actuators, B, 2013, 187(1): 401-406.

[2] Rashid T R, Phan D T, Chung G S. Effect of Ga-modified layer on
flexible hydrogen sensor using ZnO nanorods decorated by Pd
catalysts [J]. Sens. Actuators, B, 2014, 193(3): 869—-876.

[3] Uddin AS M I, Chung G S. A novel flexible C,H, gas sensor based
on Ag—ZnO nanorods on PI/PTFE substrate [J/OL]. Spie Photonics
West, https://www.researchgate.net/publication/299441631_A_novel
flexible C2H2 gas sensor_based on_Ag-ZnO_nanorods_on_ PIPT
FE_substrate, 2016—-03—12.

[4] Matindoust S, Farzi A, Nejad M B, et al. Ammonia gas sensor
based on flexible polyaniline films for rapid detection of spoilage in
protein-rich foods [J]. J. Mater. Sci.-Mater. Electron., 2017, 28(11):
7760-7768.

[5] Vallejos S, Graciaa I, Figuerasa E, et al. Microfabrication of
flexible gas nanostructured
semiconducting metal oxides [J]. Nano Lett., 2014, 14(2): 933-938.

[6] Yaqoob U, Chung G S. Highly flexible room temperature NO,
sensor based on WO; nanoparticles loaded MWCNTs-RGO hybrid
[J/OL]. Proc. of SPIE, http://proceedings.spiedigitallibrary.org/.

sensing devices based on



5

RHLSE: SRR E T R

EURSRIEREGPRZFESI T NO2 Al

1067

(7]

[10]

[11]

[12]

[13]

2016-03-04.

Wang B, Cancilla J C, Torrecilla J S, et al. Artificial sensing
intelligence with silicon nanowires for ultraselective detection in
the gas phase [J]. Nano Lett., 2014, 14(2): 933-938.

Qin Y X, Wang Y Y, Liu Y. Vertically aligned silicon nanowires
with rough surface and its NO, sensing properties [J]. J. Mater.
Sci.-Mater. Electron., 2016, 27(11): 11319-11324.

Gao C, Xu Z C, Deng S R, et al. Silicon nanowires by combined
nanoimprint and angle deposition for gas sensing applications [J].
Microelectron. Eng., 2011, 88(8): 2100-2104.

UG, T RH, LR, A, AR ZRE S % R HOG RS (1]
AR, 2013, 25(2/3): 248-259.

Liu L, Cao Y, He J H, et al. Preparation and optoelectronic
applications of silicon nanowire arrays [J]. Progress in Chemistry,
2013, 25(2/3): 248-259.

Li S Y, Ma W H, Chen X H, et al. Structure and antireflection
properties of SiNWs arrays form Mc—Si through
Ag-catalyzed chemical etching [J]. Appl. Surf. Sci., 2016, 369:
232-240.

EOHE, TR, <R PR B R A A 2 P T R A T R 2R 51
[71. SR, 2011, 32(3): 363-365, 397.

Lv W H, Zhang S. Controlled synthesis of Si nanowire arrays

wafer

through metal assisted silicon chemical etching [J]. Semiconductor
Optoelectronics, 2011, 32(3): 363-365, 397.

Wang S, Weil B D, Li Y B, et al. Large-area free-standing ultrathin
single-crystal silicon as processable materials [J]. Nano Lett., 2013,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

13(9): 4393-4398.

Li S X, Pei Z B, Zhou F, et al. Flexible Si/PEDOT: PSS hybrid
solar cells [J]. Nano Res., 2015, 8(10): 3141-3149.

Asmah M T, Sidek O, Hutagalung S D. Junctionless silicon-based
device for CO, and N,O gas detection at room temperature [J].
Procedia Manuf., 2015, 2: 385-391.

Noh J S, Kim H, Kim B S, et al. High-performance vertical
hydrogen sensors using Pd-coated rough Si nanowires [J]. J. Mater.
Chem., 2011, 21(40): 15935-15939.

LiTY, Duan CY, Zhu Y X, et al. Graphene quantum dots modified
silicon nanowire array for ultrasensitive detection in the gas phase
[J/OL]. J. Phys. D: Appl. Phys., http://iopscience.iop.org/article/
10.1088/1361-6463/aa5a36/meta, 2017-02—13.

Wang L F, Li Y, Li S, et al. Synthesis, characterization and
photocatalytic activity of graphene quantum dots—Ag solar driven
photocatalyst [J]. J. Mater. Sci.-Mater. Electron., 2017, 28(23):
17570-17577.

Fan F, Zhang B, Cao Y M, et al. Conjugated polymer covalently
modified graphene oxide quantum dots for ternary electronic
memory devices [J]. Nanoscale, 2017, 9(30): 10610-10618.

Joshi P N, Agawane S, Athalye M C, et al. Multifunctional inulin
tethered silver—graphene quantum dots nanotheranostic module for
pancreatic cancer therapy [J]. Mater. Sci. Eng., C, 2017, 78:
1203-1211.

Hummers S, Offeman R. Preparation of graphitic oxide [J]. J. Am.
Chem. Soc., 1958, 80(6): 1339.



