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Abstract This study develops a new ultraviolet (UV) photodetector composed of ZnO nanorods and CuCr, ,Mg,O,
films. First, ZnO nanorods were grown on CuCr,_,Mg,O, films prepared by the sol-gel method under hydrothermal
conditions. Then, the morphology, structure, and absorption properties of CuCr, ,Mg,0,/Zn0O were characterized by
scanning electron microscopy (SEM), an X-ray diffractometer (XRD), and a spectrophotometer. Finally, the UV
photoelectric detection performance of CuCr0,/ZnO and CuCr, ,Mg,0,/ZnO was investigated. The experimental results
reveal that the detector has fast response; the photo-to-dark current ratio is about 2. 6 times greater than that of CuCrO,/
ZnO at — 10 V, and the device responsivity is 2.3 A/W higher than that of CuCr0O,/Zn0O. The CuCr, ,Mg,0,/ZnO
photodetector has excellent detection performance and the advantages of a simple preparation process, low cost, and mass
production, which is an excellent photodetector with various applications in UV detection.
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Fig. 1  Physical structure diagram of CuCr,_,Mg,0,/ZnO

ultraviolet detector

2.2 CuCr,_MgO,ERH#H &

K FH I B B = ) 4% CuCr,_ Mg, O, 3 i .
37.5mL LM 12.5 mL & IR AEREBR KRG
fim A 10 mmol B #2 4 Cu (C,H.0,),H,O, # 71 1t ¢
30 min fff H: 7841 f# 5 Sk FF A (10—2) mmol JLZK fiF
PR % A1 e mmol 7 7K il TR 858 (T il 7 9 R ¥ ¥ B R 5 L
K B2 5 Cr(NO,) ;- 9H,O Hl /N 7K Bl BR B Mg (NO,) ,
6H,O B9 &1 R 10 mmol, HAl & 4 A [\, HAK 256 5
B 1ros) ik 1 h i 5w/ % & s n A
4 mmol Z B C,H,NO, 78 5 i T HE 8 2 h, il 145 /9 %
WEREEO, FHBRZH, KT ELS M EE
TR P s SR VE R L LA R BRI 3R 1A K2R TS
DL b3 ko AR X AR RS O R AT RS D BRI
6] 524 10 min, ¥ Y& J5 09 60K AR T AR
A1 ] R 20 s, %% 5 7 4000 r/min. A 2= BRI 7
B> A LY, HE TR I 1 T AE 300 Ca8 SR T iR
ok 5 min, iR K2 TE N — )2 H R R R B BT kAR S
TEREE . ANBE VR — UK A 3 %) RS LU A ELAS S S F T
M AR R A ) — 5 JEBE (1% W, AR P BACKs it AR
(AP SRR A H ) 72 ) H A 6 9K, fieJa 78 650 “CRIA
A0 Bk 30 min, B BT — R E W
CuCr,_ Mg, O, W B o Ry 08 3IF 52 56 49 v i M, 7 ) 45 5%
PR H45 4~6 D FES

F1 T4 CuCrO, M CuCr,_ Mg, O, 7 JIE Y 2= Z2hF R} i) i
Table 1 Mass of main materials used for preparing CuCrO,and CuCr,_,Mg,O, films

No. Cu(C,H,0,),-H,0/g Cr(NO,),-9H,0/g Mg(NO,),-6H,0/g
1
. 1.9965 4.002 0
(preparing CuCrO,)
2
1. 9965 3.5213 0.3077

(preparing CuCr,_ Mg O,)
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Fig. 2 Absorption spectra of substrate,

spectra in the wavelength range of 300 nm to 900 nm
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Fig. 3 Hall test diagram
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Table 2 Hall test results of CuCrO,and CuCr,_,Mg,O, films

) . , Sheet Carrier concentration / Hall mobility /
Film Hall coefficient /(m*-C ") o . s ) L
resistivity /(Q-sq ") cm (em®™V s )
CuCrO, +0.0201 29.9 3.1x10" 6.75
CuCr,_Mg,O, +4.11%10°" 1.3X10° 9. 87X 10" 0.11
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Fig. 4 SEM images of CuCrO, and CuCr,_,Mg,O, films. (a)(b) Surface SEM images of CuCrO, and CuCr,_ Mg,O, films; (c)(d) cross-
section SEM images of CuCrO, and CuCr,_,Mg,O, films
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Fig. 5 XRD spectra of CuCr0O,/Zn0O and CuCr,_,Mg,0,/ZnO
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Fig. 6 Detection performance of CuCrO,/ZnO. (a) Typical I - V curves of CuCr0,/ZnO heterojunction ultraviolet detector under

365 nm illumination and dark conditions; (b) I = T curves during light on-off switching under 365 nm illumination and —10 V

conditions; (c)(d) enlarged I - T curves in the range of 21-25 s and 17-21 s corresponding to light-off to light-on and light-on to

light-off transition
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Fig. 7 Detection performance of CuCr,_,Mg,0,/ZnO. (a) Typical I-V curves of CuCr,_,Mg,0,/ZnO heterojunction ultraviolet
detector under 365 nm illumination and dark conditions; (b) I-T curves during light on-off switching under 365 nm illumination
and — 10 V conditions; (c)(d) enlarged I-T curves in the range of 39-42 s and 8-12 s corresponding to light-off to light-on and
light-on to light-off transition
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Table 3 Performance parameters of CuCr,_,Mg,0,/Zn0 ultraviolet photodetector under 365 nm and comparison between our

photodetector and other ultraviolet photodetectors

Photo-to- Responsivity
Photodetector dark current value / 7. /s 7, /s Ref.
ratio (AW
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CuCr0,/ZnO 2.3 3.2 2.7 1.8 This work

CuCr,_,Mg,0,/Zn0O 6 5.5 1.4 1.6 This work

A % W 1 1 CuCrO, bR HL T R RO 79 o R I 4

HA i 58 S BRI BE L LR Al BE T e 1, A
AP 172 F CuCr, Mg O./ZnO GUKPERY B Al e B 1 | 76 58 MG 7 1t ] 2 B0 2 b g
SR HM G R BRI A L A G I EL U LU R N7 R 2 T T AR

NN . 5 it
(T CuCr0,/Zn0 %8 b St Hh £ 058 S B 37 Lo 240 W
CuCrO.,/ZnO 1y 2. 6 %, 61 N & AH e CuCrO,/ZnO # [1] Luo X S, Song J F, Tu X G, et al. Silicon-based

T 2.3A/W. XJEFRNMgBIW /AT Crash, #2 traveling-wave photodetector array (Si-TWPDA) with

1423001-6



E 425 F148/2022 F£ 7 B/RFFER

[10]

[12]

[13]

parallel optical feeding[J]. Optics Express, 2014, 22(17):
20020-20026.

Zhou Q X, Zhao K F, Wu Y L, et al. Rapid magnetic
enrichment and sensitive detection of Sudan pollutants
with nanoscale zero valent iron-based nanomaterials in
combination with liquid chromatography-ultraviolet
detector[J]. Chemosphere, 2021, 281: 130900.

Liu H, Cao X, Wu H, et al. Innovative development on
a p-type CuCrO, nanoparticles based
triethylamine sensor[J]. Sensors and Actuators B:
Chemical, 2020, 324: 128743.

Bemimg, NIRRT, AF L U IR ) ZnO 58 AR
i 0 w1 AR I B ST L] OB 2 iz, 2020, 40(20):
2004001.

Duan Y H, Cong M Y, Jiang D Y, et al. Spectral
7ZnO
photodetector modulated by bias voltage[J]. Acta Optica
Sinica, 2020, 40(20): 2004001.

RGOS, R BT R A B T i B OL
FL R s AT T LT ]. OGSO 7 2# e, 2021, 58
(7): 0700002.

Wu P P, Fu Y Q, Yang J. Graphene photodetectors
based on surface plasmons[J]. Laser & Optoelectronics
Progress, 2021, 58(7): 0700002.

Rz, 8%, FIR, 4. 22 PtSe,/ TiO, 4 K 1 4#
B 25 5 40 e s B A [J]. 06 % #2020, 40(20):
2025001.

Chen HY, LuY, Li C, et al. Multilayer PtSe,/TiO,
NRs Schottky junction for UV photodetector[J]. Acta
Optica Sinica, 2020, 40(20): 2025001.

Lu H, Tian W, Cao F R, et al. A self-powered and
stable all-perovskite photodetector-solar cell nanosystem
[J]. Advanced Functional Materials, 2016, 26(8): 1296-
1302.

Tang Y C, Zhao Z B, Hu H, et al. Highly stretchable

and ultrasensitive

delafossite

response cutoff wavelength  of ultraviolet

strain  sensor based on reduced
graphene oxide microtubes-elastomer composite[J]. ACS
Applied Materials &. Interfaces, 2015, 7(49): 27432-
27439.

Aksenov V P, Izmailov I V, Kanev F Y, et al. Optical
vortex detector as a basis for a data transfer system:
operational principle, model, and simulation of the
influence  of  turbulence and  noise[J].
Communications, 2012, 285(6): 905-928.
Shen H, Shan C X, Li B H, et al. Reliable self-powered
highly spectrum-selective ZnO ultraviolet photodetectors
[J]. Applied Physics Letters, 2013, 103(23): 232112.
JnY Z, Wang J P, Sun B Q, et al. Solution-processed
photodetectors ZnO
nanoparticles[J]. Nano Letters, 2008, 8(6): 1649-1653.
TVL, B . LT AR B E A G BRI A 5T
[T E O, 2021, 48(11): 1100001.

Wang J, Luo L B. Advances in Ga,0,-based solar-blind

Optics

ultraviolet based on colloidal

ultraviolet photodetectors[J]. Chinese Journal of Lasers,
2021, 48(11): 1100001.

Wei J X, Hu Z, Zhou W J, et al. Emission tuning of
highly efficient quaternary Ag-Cu-Ga-Se/ZnSe quantum

[16]

(18]

[20]

[21]

(23]

[24]

[27]

1423001-7

dots for white light-emitting diodes[J]. Journal of Colloid
and Interface Science, 2021, 602: 307-315.

Hamada I, Katayama-Yoshida H. Energetics of native
defects in CuAlO,[J]. Physica B: Condensed Matter,
2006, 376/377: 808-811.

Kim S Y, Lee J H, Kim J J, et al. Effect of Zn, Ni
doping on the structural, electrical and optical properties
of p-type CuCrO, powder and films[J].
Argentinos De Pediatria, 2014, 106(5): 416-421.
Cossuet T, Resende J, Rapenne L, et al. ZnO/CuCrO,
core-shell nanowire heterostructures for self-powered UV
photodetectors ~ with  fast  response[J].  Advanced
Functional Materials, 2018, 28(43): 1803142.

Liu W, Wen Z, Chen S,

characterization of self-assembled ZnO nanowire devices:

Archivos

et al. Preparation and

nanowire strain sensor and homogeneous p-n junction[J].
Nanotechnology, 2021, 32(49): 495604.

Zu P, Tang Z K, Wong G K L, et al. Ultraviolet
from  ZnO
microcrystallite thin films at room temperature[J]. Solid
State Communications, 1997, 103(8): 459-463.

Han M J, Duan Z H, Zhang J Z, et al. Electronic
transition and electrical transport properties of delafossite
CuCr, ,Mg,0, (0<<a<<12%) films prepared by the sol-
gel method: a composition dependence study[J]. Journal
of Applied Physics, 2013, 114(16): 163526.

Gu P, Zhu X H, Yang D Y. Vertically aligned ZnO
nanorods arrays grown by chemical bath deposition for

spontaneous and stimulated emissions

ultraviolet photodetectors with high response performance
[J]. Journal of Alloys and Compounds, 2020, 815:
152346.

A P AR A ) AP REWE SE[D]. L
R K 2, 2013,

Han M J. Preparation and properties of delafossite films
[D]. Shanghai: East China Normal University, 2013.
KA . A BRI ) A Mg 48 4% CuCrO, i B 5 Ha 7 i
K HMPEE (D] KA AR QLW k2%, 2020.

Zhang Y. Studies on preparation of Mg doped CuCrO,
transparent conductive films by sol-gel method and
physical properties[D]. Changchun: Northeast Normal
University, 2020.

Shen Y W, Yan X Q, Bai Z M, et al. A self-powered
ultraviolet photodetector based on solution-processed p-
NiO/n-ZnO nanorod array heterojunction[J]. RSC
Advances, 2015, 5(8): 5976-5981.

Nie B, HuJ G, Luo L B, et al. Monolayer graphene film
on ZnO nanorod array for high-performance Schottky
junction ultraviolet photodetectors[J]. Small, 2013, 9
(17): 2872-2879.

Arnold T, Payne D J, Bourlange A, et al. X-ray
spectroscopic study of the electronic structure of CuCrO,
[J]. Physical Review B, 2009, 79(7): 075102.

Scanlon D O, Watson G W. Understanding the p-type
defect chemistry of CuCrO,[J]. Journal
Chemistry, 2011, 21(11): 3655-3663.
Meng Q G, Lu S F, Lu S H, et al. Preparation of p-type
CuCr, ,Mg, 0O, bulk with

of Materials

improved  thermoelectric



FA42% F 14 H1/2022 £ 7 B/RZFFR

[30]

properties by sol-gel method[J]. Journal of Sol-Gel
Science and Technology, 2012, 63(1): 1-7.

Deng Z H, Fang X D, Tao R H, et al. Effect of
Ca-doping on the structural and electrical properties of
CuY, ,Ca,0, (0=<2<<0.10) ceramics[J]. Journal of Alloys
and Compounds, 2011, 509(17): 5300-5304.

Yang Z, Wang M Q, Ding J J, et al. Semi-transparent
Zn0O-Cul/CuSCN photodiode detector with narrow-band
UV  photoresponse[J]. ACS Applied Materials &.
Interfaces, 2015, 7(38): 21235-21244.

Gu P, Zhu X H, Yang D Y. Effect of annealing
temperature on the performance of photoconductive
ultraviolet detectors based on ZnO thin films[J]. Applied
Physics A, 2019, 125(1): 1-8.

RO, W, AT, % . ZnO 49K 8% 4 B Ak 2 U R %
il A K 5 A RN PE BE 0 D). Dt i, 2021, 41(7):
0716001.

1423001-8

Shang S G, Gao L, Ren W, et al. Fabrication of ZnO
nanowalls by electrochemical deposition and ultraviolet
detection performance[J]. Acta Optica Sinica, 2021, 41
(7): 0716001.

EmE, XA, BRA, 45 T Ag L M A 45 F HL A
) MgZnO 58 S B 25 il 28 AR P[], &2 He, 2021,
42(2): 201-207.

Wang L Y, Liu K W, Chen X, et al. Fabrication and
characteristics of MgZnO ultraviolet detector based on
Ag microporous array structure electrode[J]. Chinese
Journal of Luminescence, 2021, 42(2): 201-207.

Wang X Y, Wu H D, Wang G X, et al. Study of the
optoelectronic properties of ultraviolet photodetectors
based on Zn-doped CuGaO, nanoplate/ZnO nanowire
heterojunctions[J]. Physica Status Solidi (b), 2020, 257
(5): 1900684.



	1　引        言
	2　实        验
	2.1　电极制备
	2.2　CuCr1-xMgxO2薄膜的制备
	2.3　CuCr1－xMgxO2/ZnO探测器的制备

	3　结果分析与讨论
	3.1　CuCr1－xMgxO2薄膜的吸收光谱
	3.2　霍尔测试分析
	3.3　SEM及XRD分析
	3.4　CuCr1-xMgxO2/ZnO的探测性能

	4　结        论

