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Fig. 1. (a) XRD patterns and (b) UV-vis absorption spectra of the NiO film deposited on sapphire substrate (0001) plane. (panel
(b) insert) Plots of (whv)? versus photon energy of the NiO film; (¢) XRD patterns and (d) UV-vis absorption spectra of the NiO
film deposited on GaN film. (panel (d) insert) Plots of (ahv)? versus photon energy of the GaN film.
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Fig. 2. (a) LV curves of the NiO MSM structure in dark and under 365 nm light illumination, (insert) diagram of the NiO MSM
structure and I-T curve under zero bias; (b) I-V curves of the GaN MSM structure in dark and under 365 nm light illumination,
(insert) diagram of the GaN MSM structure and I-T curve under zero bias; (c¢) I-V curve of the NiO/GaN p-n junction in dark, (in-

sert) diagram of the device based on NiO/GaN p-n junction; (d) I-V curves of the NiO/GaN p-n junction under 365 nm light with
various light intensities.
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Fig. 3. (a) Schematic illustration of the fabricated prototype NiO/GaN p-n junction photodetector; (b) cross-sectional SEM image of

the NiO/GaN p-n junction, where the insert is the enlargement cross-sectional SEM image of p-n junction with electrode plating.

ABy = Eav = Egio + ABc =252eV, () pygepie ORIy 44600 2858 365 num B9 1- T W)
Foh Bk R A R ORAE B T IO BIE e A(d) BTR, BT R P B B L O

EUIE B2 N NTTR: S NI Y 7 o o ST =2 S BRI, B TR
T3 R A BT R T R RE , IR T e 25 BRI AR A 80T, D FL R R B A e, 2

128502-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

(a) 365 nm@700 pW /cm? Bias: 0 V
0.3 —— 254 nm@1300 pW /cm?
<
(=9
S 0.2}
=
o}
g
=
O
0.1F
0} L]
0 50 100 150
Time/s
(c) p-NiO
_GaN ) T T -
nTGa ***** — I Xnio = 1.8 eV
XcaN = 4.2 eV f T
§ AEc=2.4¢eV
l ‘ Egnio = 3.24 eV

EyGan = 3.36 eV
gGaN l AEy :*2.52 eV

ba

Ev

4
(d) AS Il i He R #E0 # %F 365 nm S BE B4 -7 Wi 1

Vol. 70, No. 12 (2021) 128502
0.25 | (P)
0.20 o Experiment
— Fitting curve
< 365 nm
~ 0.15
>
=
£
5 0.10 7 =31 ms
O
0.05
of
10 12 14 16 18
Time/s
2.0 |(d) —O0V—01V—02V —05V
— 1V 365 nm@700 pW /cm2
1.6 |
<
2
< 12f
o
o
5
3 0.8
0.4
N= —
0 50 100

Time/s

(a) 0V HLFE TR 84 254 F1 365 nm G HEE I-TWRE; (b) X 365 nm A9 6 B3 BE LA (c) NiO/GaN p-n 45 1 REH & ;

Fig. 4. (a) I-T curves of the photodetector under a zero bias at 254 and 365 nm illumination; (b) enlarged view of the rise/decay

edges and the corresponding exponential fitting; (c¢) energy band diagrams of NiO/GaN p-n junction; (d) I-T curves of the photode-

tector under various biases with a 365 nm light illumination.

F 1 JET GaN (1 HALLERM S ERES R EL

Table 1. Self-powered device parameters comparison of photodetectors based on GaN from previous works and this work.

Photodetector Wavelength  Responsivity/(mA-W!)  Detectivity/Jones  Rise/Decay time/ms Ref.

GaN/ZnO 350 nm 95.8 2.9 x 1012 730/50 [22]

GaN/r-GO:Ag NPs 360 nm 266 2.62 x 10" 680/700 [23]

GaN/NiO 365 nm 150 — [20]

GaN/Ga,04 365 nm 54.49 — [24]

1-GO/GaN 350 nm 1.54 1.45 x 101 60/267 [25]

ZnO nanoarrays/CdS/GaN 300 nm 176 2.5 x 102 350 [26]
NiO/GaN 365 nm 272.3 2.83 x 10" 31/37 This work

A A A i 1 OGAE BT A AT . TR
SIS, BRI AR AR R T R
FETE.

Bl % 365 nm St FEGR B2 A B0, HRI00 8% 1Ok
L3 I S8, L 50 wW /em? 38 % R Y 82 nA 1
InE] 700 pW /em? 58T # 275 nA (4115 5(a) Fl
Kl 5(b) B ). RIS AT AE ), BEE CIR A, Ot
M . B (R) B Wi FEAIK (] 5(b)), 1HREAX R =
Ion/ (PS), Forb Ly, FOCHUR, PO, S oA R

H. G 50 pW /em? B SEIR  FE (R) iK% ek
8 (273.2 mA/W). K% (D) %i%’l‘f?%ﬁﬁi@ilg
1) — I LR bR, THE AR D = RS2 /(2e]4an) 2,
&l 5(c) o T BRI G0 A8 b 1 pREOC R EIA.
Bl GO AR, BRI WIFEAIL, 78 50 pW /cm?
i 35 B fe KAE 2.83 x 10 Jones. H4 4 SCHil %5 11
NiO/GaN p-n SEHMRNE 5 B s ) HABTE 0 V
T TAEMERIES AT LR (3R 1), S5 FEFRBHA ST
A IR S8 2 e S PR
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Fig. 5. (a) Time-dependent photoresponse of the photodetector under zero bias and a 365 nm light with various light intensities;

(b) photocurrent and responsivity as a function of light intensity; (c) detectivity as a function of light intensity.
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Abstract

Ultraviolet photodetector plays an important role in fire warning, missile tracking and dose detecting of
ultraviolet sterilization and disinfection, which is closely related to human lives. With the development of
integrated detection system, the requirements for the size and energy consumption of the detector are becoming
more and more stringent. Traditional detector that requires an external power supply can no longer meet these
requirements. Moreover, a traditional ultraviolet detector is mainly composed of first-generation semiconductors
and second-generation semiconductors. These semiconductors have small band gaps and large cut-off
wavelengths, and are more suitable for infrared detection. When used for implementing the ultraviolet
detection, an additional layer is often required, which increases not only the volume but also the cost.

Gallium nitride (GaN), as a third-generation semiconductor, has a band gap of 3.4 eV and a corresponding
absorption edge of 365 nm. It is a natural ultraviolet detection material. At the same time, the excellent
physical and chemical properties make the devices prepared by GaN have high stability. In recent years, some
studies have shown that the GaN-based ultraviolet photodetectors have excellent responsiveness, but each of
these detectors usually requires an external bias and has a slow response speed. Here, we propose a high
responsivity, fast response speed and self-powered ultraviolet photodetector based on NiO/GaN p-n junction. By
using the magnetron sputtering, a layer of 70 nm thick p-NiO film is deposited on a high-quality n-GaN film
that has been grown on a sapphire substrate by the metal-organic chemical vapor deposition. The fabricated p-n
junction shows obvious rectification characteristics at 4+ 0.5 V. Due to the existence of the built-in electric field,
the device can work without externally applied bias. Under zero bias, the detector shows a responsivity of
272.3 mA/W for 365 nm ultraviolet light while the intensity is 50 pW/cm?, and has a detectivity as high as
2.83 x 10" Jones. This indicates that the detector has a high sensitivity even for very weak light. Owing to the
good crystallinity of the film, the dark current is as low as 10" A, the switching ratio is > 103, and the
response speed reaches 31 ms. These excellent properties show the broad application prospects of the devices
based on NiO/GaN p-n junctions in the field of self-powered ultraviolet detection, and thus providing new ideas

for the future development of intelligent integration.

Keywords: ultraviolet photodetector, self-powered technology, GaN, NiO
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