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Abstract The ZnO nanowires are treated by the Ar"™ plasma and the changes of luminescence properties before and
after treatments are analyzed by the test of temperature-dependent spectra under different treatment time. The
results show that the near band edge emission intensity at room temperature increases first and then decreases with
the increase of treatment time. As for the treatment time of 90 s, the intensity is 2.45 times that of the as-grown
sample and simultaneously the defect-related photo-luminescence in visible region is suppressed. The mechanism of
plasma treatment is analyzed by the comparison among luminescence spectra at 10 K. When the treatment time is
short, the impurities and defects on the ZnO nanowire surfaces can be effectively removed by the Ar" plasma and
thus ultraviolet luminescence intensity is enhanced. When the treatment time is relatively long, the crystal structure
is broken due to the introduction of more deep donor-state defects and thus the luminescence property is reduced.
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Fig. 1 PL spectra at room temperature before

and after Ar" plasma treatment
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Fig. 2 Temperature-dependent PL spectra of ZnO nanowires. (a) PL spectra before Ar™ plasma treatment;

(b) peak position versus temperature under different treatment time
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Fig. 3 PL spectra of ZnO nanowires at low temperature of

10 K under different Ar" plasma treatment time
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Fig. 4 Surface states and energy bands of ZnO nanowires under different Ar™ plasma treatment time.
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Fig. 5 SEM images of ZnO nanowires under different Ar" plasma treatment time.

(a) 0s; (b) 60 s; (¢) 90 s; (d) 120 s

T B WX H AN TR At 4 B TR Ak B[R]
T ZnO 44K I8 S 0wy A8 4k, H B 6l T B
BE(SEMD#EATILEE . &l 5Ca) ~ (b) A %1, 24 % 5
TARAEFE 0~60 s B, ZnO 449K £k 14 3¢ T b %5 25 55
A Kb S ) F 8 o AR A R O M, U A A R
THAE FEA SO IE BR T ZnO 40K 28 26 1 B G o
T ZnO 9K 1 R . BE G R T R AL 3
(] o) g 22 38 0, A 5Ce) ~ (D TR . ZnO 9K R
T AR A5 R L 0 R R R A MIBE L R 120 s 5
TR B IR T ZnO DK 2 AR5 H L iESE T
TR EL 120 s B O o B U 55 1Y R A

4 gk 7

TEI T Art % B T U b B o 3 4k 22 A
BUEE K ZnO 94K 2 10 %O RE i A 2007 .
i RGHEER IR, % B S B 0~90 s I, I
M RGBT T ZnO 442K 45 1 3 7 i

B A o AR T e B X RO T A R4 i Ak PR
120 SN, JEAT 31 4 S5t BE W ARG, 36 2 1A 465 44 1) 1
IR Bt 2 25 B9 8 BT S B0, 19 L I B A
SURAESE Tz B M. TR UL S R A AR Y
SEES T URAL BT AT LAY ZnO 990K 4 9 R
T R MBI ZnO BRI ROGHERE

2 % X #

[1] Guo K, Yu T, Song B B, et al. Fabrication and
opto-electronic properties of ZnO/Ag/ZnO composite

[J]. Laser &
Optoelectronics Progress, 2017, 54(10): 103102.
AL, T, RGO, . Wi ZnO/Ag/ZnO &
I o A S KOG U R (T Ot SO0t m 7ot
J&, 2017, 54(10): 103102.

[2] Nasiri N, Bo R, Wang F,
electron-depleted ZnO nanoparticle networks for

highly visible-blind uv

film at room temperature

et al. Ultraporous

sensitive  portable

1003002-4



h | i bl

photodetectors [ J]. Advanced Materials, 2015, [13] Baratto C, Comini E, Ferroni M, et al. Plasma-

27(29): 4336-4343. induced enhancement of UV photoluminescence in
[3] LiR X, Wei ZP, Zhao F H, et al. Investigation of ZnO nanowires[J]. CrystEngComm, 2013, 15(39):

localized and delocalized excitons in ZnO/ZnS core- 7981-7986.

shell heterostructured nanowires[J]. Nanophotonics, [14] Liu X M, Fang D, Gu L B, et al. Study on surface

2017, 6(5): 1093-1100. characteristics of GaSb materials after plasma
[4] Zeng Y, Zhao Y, Jiang Y J. Effect of excimer laser nitrogen passivation[J]. Chinese Journal of Lasers,

irradiation for ZnO thin films under different 2018, 45¢(1): 0103001.

atmospheres [J]. Chinese Journal of Lasers, 2014, XM, P, aaEat, 5. S8 FARAHL Gash

41(2): 0207001. FEREZ AR R AT S (D). RO, 2018, 45 (1):

WOE, B, BB AR ZoO W S 0103001.

FiOtm BN [J]. b E O, 2014, 41(2): [15] Ra HW, Khan R, Kim J T, et al. Effects of surface

0207001. modification of the individual ZnO nanowire with
[5] LiuC L, Dou Y, Chen C, et al. Performance of oxygen plasma treatment [ J]. Materials Letters,

oxygen passivation silicon-based ZnO/Nanoporous Si 2009, 63(28): 2516-2519.

pillar array heterojunction near white light LED[]]. [16] Jiang S, Ren Z H, Gong S Y, et al. Tunable

Laser & Optoelectronics Progress, 2016, 53 (11): photoluminescence properties of well-aligned ZnO

112302. nanorod array by oxygen plasma post-treatment[]].

XIHFEE, £5, B, % Sl ZIn0/9 k£ Applied Surface Science, 2014, 289: 252-256.

FLAEFEAR 51 57 B 45 35 O LED RIVERELT] . WOt S [17] Chen C, Lu Y F, He H P, et al. Violet emission in

YEHLFAEE R, 2016, 53(11): 112302 ZnO nanorods treated with high-energy hydrogen
[6] Wang R, Cheng C. Performances enhancement of H- plasma[J]. ACS Applied Materials &. Interfaces,

doped ZnO nanorods by H,/Ar plasma treatment[]J]. 2013, 5(20): 10274-10279.

Plasma Processes and Polymers, 2014, 12(1): 51- [18] TFarid S, Mukherjee S, Sarkar K, et al. Enhanced

58. optical properties due to indium incorporation in zinc
[7] Hsu CL, Chang SJ. Doped ZnO 1D nanostructures: oxide nanowires[J]. Applied Physics Letters, 2016,

Synthesis, properties, and photodetector application 108(2): 021106.

[J]. Small, 2014, 10(22): 4562-4585. [19] Chirakkara S, Choudhury P R, Nanda K K, et al.
[8] ChenR, YeQL, He T C, et al. Exciton localization Understanding Pt-ZnO: In Schottky nanocontacts by

and optical properties improvement in nanocrystal- conductive atomic force microscopy [J]. Materials

embedded ZnO core-shell nanowires [ J]. Nano Research Express, 2016, 3(4): 045023.

Letters, 2013, 13(2): 734-739. [20] Lin C C, Chen H P, Liao H C, et al. Enhanced
[9] Sarkar K, Mukherjee S, Wiederrecht G, et al. luminescent and electrical properties of hydrogen-

Ultrafast carrier dynamics and optical pumping of plasma ZnO nanorods grown on wafer-scale flexible

lasing from Ar-plasma treated ZnO nanoribbons[J]. substrates [ J]. Applied Physics Letters, 2005,

Nanotechnology, 2018, 29(9): 095701. 86(18): 183103.

[10] Yoo J, Yi G C, Chon B, et al. Luminescence [21] Rodrigues J, Holz T, Allah R F, et al. Effect of N,
dynamics of bound exciton of hydrogen doped ZnO and H, plasma treatments on band edge emission of
nanowires[]J]. Journal of Luminescence, 2016, 176: 7ZnO microrods [ J]. Scientific Reports, 2015, 5:
278-282. 10783.

[11] LiuW Z, Xu HY, Wang C L, et al. Enhanced [22] Yao Z, Gu S, Tang K, et al. Zinc vacancy related
ultraviolet emission and improved spatial distribution emission in homoepitaxial N-doped ZnO microrods
uniformity of ZnO nanorod array light-emitting diodes [J]. Journal of Luminescence, 2015, 161: 293-299.
via Ag nanoparticles decoration [ J]. Nanoscale, [23] Sun L J, Zhong S, Zhang W Y, et al. Electrical and
2013, 5(18): 8634-8639. optical properties of Ag doped p-type ZnO films and

[12] LuJF, LiJ T, Xu C X, et al. Direct resonant its homojunctions properties [J]. Chinese Journal of

coupling of Al surface plasmon for ultraviolet
photoluminescence enhancement of ZnO microrods
[J]. ACS Applied Materials & Interfaces, 2014,

6(20): 18301-18305.

1003002-5

Luminescence, 2008, 29(2): 304-308.

IS, BhA, SRR, 2%, Ag B2k p B ZnO WK
KT A5 /) o e e B LT ROt o ik, 2008,
29(2): 304-308.



