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Abstract

A photodetector is a device that converts a light signal into an electrical signal. Most transparent
ultraviolet (UV) photodetectors are composed of metal oxide materials having a wide energy
bandgap. Here, we manufactured a high-performance transparent photodetector that specifies
the UV region using a heterojunction structure of a metal oxide (n-type ZnO/p-type NiO). In
particular, ZnO and NiO are less harmful to the human body, have a chemically stable structure,
and are low cost due to abundant reserves. Our device can be applied to various fields of
photoelectric devices, including solar cells and photodetectors, and human electronics. Owing
to the photovoltaic effect of the ZnO/NiO device, the transparent photodetector can be operated
in self-powered mode. To verify the optimum operation, bias tuning was applied to investigate
the device’s performances of response time and photocurrent. The characteristics of devices and
their effects on electrical changes inside the device, including an increase in the depletion
region, improvements in carrier collection and carrier velocity, and an increase in the electric
field intensity, were analyzed by reverse bias.
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FTO Zn0O NiO
coated glass deposition deposition

Fig. 1 Fabrication steps of transparent photodetector (FTO/ZnO/NiO/AgNWs)

A F4E Fig. 1o vehdl A= A8t 52 5782 Physical Vapor Deposition (PVD) H41€]
Magnetron Sputtering System (SNTEK-12SN048)-& AR&-5to] 21886t3ict. tjHto] A AlzE vy WA A1
= FTO—coated glass $19 ZnOE RF power 300 W, 3842 5 mTorr, Ar 50 sccm £917] 27402 20 B7F
Skt T2 2 Nis 0,9} reactive sputtering 5t NiOS-& /35171 919l sputtering system- ©]-85
o] DC power 55 W, 3492 3 mTorr, Ar 20 scem @2 F2fsPH 37 0 2 O, gas 5 scem@] 91715 B4
Stof NiO 5= 7/ds13it.

F& 374& 590 BE 2 59 FA= ZnO+= 250 nm, NiO 50 nme|ct.

AR 0TS T4517) 1o AGNWSE HlO] 22 TS ol §alo] M ARo] Holme] 2500 rpme] 52

Probe(+)

Fig. 2 Schematics diagram of FTO/ZnO/NiO/ AgNWs device

91l IS Foto] Fig. 291 22 FEHiZ AR AAME AA = FA} ?ﬂﬂ]%‘(FE—SEM Field emission
scanning electron microscopy)=r ©-8-510] £2ME Aok BiE A o] L5 FRIsI Y ok EAS o
otr 7] QA E33 = A (UV-Vis Spectro photometer) (UV-2600)E- o851 Fhe-& =7ds1ict Tt
d 2 52 EAo17]915] (Potentiostat/galvanostat (PGStat, ZIVE SP2, WonA Tech))-&
o-85}e] Fig. 20f A2} oF 184" AgNWs Sl +d=-5, FTOZ -A=& HFAIA -0.5 VEH 04 V
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Fig. 3 (a) Photograph and (b) transmittance of FTO/ZnO/NiO/AgNWs

Fig. 3(a)«= AA| HHto]| 29 ARS YR U180 = Z1E o)The tjHlo| 0t o7 FY stof HHle| A0 &
o B setoz stol & 4= Qirk theog Fig. 3(b)= & FEA(UV-Vis spectro photometer,
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Fig. 4 FE-SEM images of FTO/ZnO/NiO/AgNWs (a) Cross section (b) Surface
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Fig. 5 Energy diagram of FTO/ZnO/NiO/AgNWs
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Fig. 6 Energy diagram of NiO/ZnQ in (a) equilibrium state (b) Reverse biased condition
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Fig. 7 UV LED (a) on (b) off response of FTO/ZnO/NiO/AgNWs
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S ot P 421e] 3-8 EA (photoresponses)-2 £44517] Y8fi41, UV LED (1.2 mW/ cmz, T3 365 nm)

£ FYo= 50 HZ9| a2 UVE ZAbsle] FAFE S0t Fig. 7(a) = o1 F2 dll- UV LEDE
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o] Table 1-& 735ttt

Table 1 Analysis of photo response of transparent photodetector (FTO/ZnO/NiO/AgNWs)

Bias (v) Rise time (us) Fall time (ps) Photocurrent (nA)
-0.5 36.8 68.7 404.3
-0.4 41.7 60.2 316.4
-0.3 87.0 79.5 286.4
0 69.2 49.3 316.2
0.3 544 1134 173.3
0.5 181.4 1,824.0 98.7
300.0p —=— Rise time (us) ~2.0m ~450.00u
—u— Decay Time (us) m|

] . L
250.04 \—l— Photocurrent (uA) |1 om Fa75.000

200.0p A " == B
M \_ | 4 om [300.00u

150.0p - 225.00u
L 800.04
100.0p | '
o L 150.00y
\ L 400.0p
50.0p L 00
- 75.00p
- /l
' et = Lz : 66
0.6 04 02 00 0.2 0.4

Bias (V)

Fig. 8 Bias-dependent photoelectric performances of rise time, decay time, and photocurrent of transparent photodetector

Fig. 5 Table 1914] Lt SRHE4:8 Te|m2 hehl vhgolek. cisfol~o] 7Hll Sliero] 0.5V
21 0.4 V74 Z71a] Lehd B4R ¥4 PR G A0 R F715E AR 217 Bk
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4. 22

R oA AHE R AAELE A18510] P-type NiO9} N-type ZnO ol&He 730 UV ZAZ7|(UV
photodetector) & T8kl QIZ7PASS ZASHHA o] A0] E44S melsielrt. £t n-ZnO/p-NiO
A= aate] ool F48 2F50] 7Hs5lt. of=d, tho] & E/do] AR A| Eli= @E U (breakdown

voltage) Hr} b2 Hetollq A<k A= 7Igke wf AU A7 1S S7HA1A ol et S84k, shd<:

£ A e 252 Ealel, o) HgTe] £ (tuning) S oA
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A2 1A% ol AEE 4 Qs o Ho R Qlste] fofels Heol, et ageo] Hufol2, 742
feg F9 QAERYA 5 Y 142 AN e sk A1) Ale] 1A% B 427124 AT 5 92
Zolrt
37|

The authors acknowledge the financial support of the Basic Science Research Program through the
National Research Foundation (NRF-2020R1A2C1009480) by the Ministry of Education of Korea and
Brain Pool Program funded by the Ministry of Science and ICT (NRF2020H1D3A2A02085884 and
NRF-2020H1D3A2A02096147).

REFERENCES

1. Tian, W., Lu, H., and Li, L., Nanoscale Ultraviolet Photodetectors Based Ononedimensional Metal Oxide
Nanostructures, Nano Research, Vol. 8, No. 2, pp. 382-405, 2015.

2. Xing, J., Wei, H., Guo, E. J.,, and Yang, F. Highly Sensitive Fast-response UV Photodetectors Based on
Epitaxial TiO; Films, Journal of Physics D: Applied Physics, Vol. 44, No. 37, 375104, 2011.

3. Al-Hardan, N. H., Abdullah, M. J., Ahmad, H., Aziz, A. A., and Low, L. Y., Investigation on UV Photodetector
Behavior of RF-sputtered ZnO by Impedance Spectroscopy, Solid. State. Electron., Vol. 55, No. 1, pp. 59-63,
2011.

4. Chrissanthopoulos, A., Baskoutas, S., Bouropoulos, N., Dracopoulos, V., Poulopoulos, P., and Yannopoulos,
S. N., Synthesis and Characterization of ZnO/NiO p-n Heterojunctions: ZnO Nanorods Grown on NiO Thin
Film by Thermal Evaporation, Photonics and Nanostructures-Fundamentals and Applications, Vol. 9, No. 2,
pp. 132-139, 2011.

5. Ban, D. K., Patel, M., Nguyen, T. T., and Kim, J., All-Transparent Oxide Photovoltaics: AZO Embedded
ZnO/NiO/AgNW Band Selective High-Speed Electric Power Window, Advanced Electronic Materials, Vol. 5,
No. 10, 1900348, 2019.

6. Patel, M., Kim, H. S., and Kim, J. D., All Transparent Metal Oxide Ultraviolet Photodetector, Advanced
Electronic Materials, Vol. 1, No. 11, 1500232, 2015.

Journal of the Korean Solar Energy Society Vol. 42, No. 6, 2022 49



el ] =2l

10.

. Patel, M. and Kim, J. Transparent NiO/ZnO Heterojunction for Ultra-performing Zero-bias Ultraviolet

Photodetector on Plastic Substrate, Journal of Alloys and Compounds, Vol. 729, pp. 796-801, 2017.

. Jeong, 1. S., Kim, J. H., and Im, S., Ultraviolet-enhanced Photodiode Employing n-ZnO/p-Si Structure, Applied

Physics Letters, Vol. 83, pp. 2946-2948, 2003.

. Chen, J. Z., Chen, T. H., Lai, L. W, Li, P. Y., Liu, H. W., Hong, Y. Y., and Liu, D. S., Preparation and

Characterization of Surface Photocatalytic Activity with NiO/TiO, Nanocomposite Structure, Materials, Vol.
8, No. 7, pp. 4273-4286, 2015.

Salunkhe, P., Bhat, P., and Kekuda, D., Performance Evaluation of Transparent Self-Powered n-ZnO/p-NiO
Heterojunction Ultraviolet Photosensors, Sensors and Actuators A: Physical, Vol. 345, 113799, 2022.

50

Journal of the Korean Solar Energy Society Vol. 42, No. 6, 2022



