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Abstract: Metal oxides (MOs) have been widely used in photodetection because of advantages such as easy
preparation, high stability, and selective transport of carriers. The MO materials exhibit strong light absorption
properties. However, there are issues with MO photodetectors such as their low response speed and large dark
current owing to the surface effects and defect states. The built-in electric field in the heterojunction can
effectively promote the separation of photogenerated electron-hole pairs, thus improving the device response
speed and reducing the dark current. Thus, the construction of metal oxide heterojunction photodetectors
(HPDs) is of great significance for the further application of MO in the field of optoelectronics. This paper
introduces the interface properties of MO and elaborates on the working mechanism of metal oxide HPDs
around the PN, PIN, and isotype heterojunctions. Next, the performance parameters of MO/MO and MO/Si
HPDs with different structure and response in UV-Vis-NIR band are analyzed and compared. Subsequently,
improved methods of the metal oxide HPDs performances are discussed. Finally, the development of metal
oxide HPDs is discussed.
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Fig.1 Applications of photodetectors
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Table 1 Properties of different MOs

Conduction Exciton binding

MOs Eg/(eV) Crystal system Space group Ref.
type energy/(meV)

ZnO(Wurtzite) n 33 60 Hexagonal P6smce [2]
TiO2(Anatase) n 32 130 Tetragonal C4/amc [3]
TiO2(Rutile) n 3.0 130 Tetragonal P42/mmm [3]
B-Ga203 n 4.9 40-50 Monoclinic C2/m [4]
SnO2 n 3.6 130 Tetragonal P4>/mnm [5]
MoOs3 p 3.0 Orthorhombic - [6]
V205 P 23 Monoclinic P2,/C [7]
NiO P 3.6 110 Cubic Fm3m [8]

S I 45 R AT AR o FEERI 28 e I R . R
TR A B, LA O R 0 R A
AR IR P H g R DA ' AR I T 1R 43 s A )
EATE A, ANITTEE A2 e e B K B L s
e IR MO BB BRRE s, A MO 4 B ) HPDs
(R 3145 Jy MO/MO HPDs )43 % 48 A8t 3k 4T Wi 3
Fe A R MO A BRI Si M HPDs (R X5
9 MO/Si HPDs) JIIXFEE4h AT WLAIIT 20413 ml
Nio BEAh, MO AT LS & @y, AP R —
YEM BRI ERI R HPDs, HAS{LER X B AT % 2 1)

MO/MO F1 MO/Si PR 1) 4 J& A ) HPDs 14T
el

1 £ES4 HPDs B TIEEIE

FE 22)FF%, MO BPkI, s F AR
(AR TIIER S A R AS S 4L, Rt
SR SR T T Z IR
HISCE, FR9T BT, B LA,
364

1.1 MO §IFmEE

BT 25 () 52 BR SRR IR R DA S b 34 Al Ab
ERFZERAR, MO MRS . BiE. Mg
% [ B R RS A A, KT B S Al S T
AR A e St A B 20) ()R T
feg > SRS S MO SR 7 [\ 5S4k
L () SRR AR /N, 38 ] 14 Bl F B o
HEATER A, LG B8 S R 2 A] HE A X )RR
fiE, G T Ak A B 19 FE AV LA B AS [, ] 2(b)
FiRe BT BT Z AT 20 RBAER, A ArE ik
ERE A 0 B AR AR AE 8 F i 2 ) LT X 2
TR RIS, AT T BeZead v AL T iS5
AR R — /N H A, @B 2(c) AR 7E MO
FE T, BT IR IR n A, BRERAE o ZCHLRE T FI
FECHEFS U SR 7RISR A TR
PR B VRIS B BE,  MITAE T AR T AN AE
TR R A5 B AR (B 2(d)), SRR ISR N
“CRJERRL 1,



Fa6E H4M

2024 4 H DA SRR AR IR I A5 BT T

Vol.46 No.4
Apr. 2024

(a)

Superconductivi

Gauge
symmetry.

Time
reversal
symmetry

Magnetism

Inversion
symmetry

Ferroelectricity

Orbital

(b) 100 nm

K2 MO fFHRFE: (a) £E MO Frifl b nl BLBTH I ORI FL 7 RO AR PR AT B R EEN2); (b) ARG SARRIAHIE (22D RS B 747
N CAD; ()FIMO AR (D FIFHETATA D, 23 R BT 7 A B T AR (o) FAS ™ A2 B T IR AR S T (d)L3)

Fig.2 Properties of the MO interfaces: (a) The symmetries and degrees of freedom of correlated electrons that can be engineered at MO

interfaces!'l; (b) Phase diagrams (left) and interface electronic behaviors (right) for conventional semiconductors; (c) and (d) Phase

diagrams (left) and interface electronic behaviors (right) for MO, corresponding to the situations in which (c) and no electronic

deformation is generated (d), respectively!'?!
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Table 2 Comparisons of performance parameters for MO/MO and MO/Si HPDs

L9¢

Year Structure Fabrication method Bias/V. A/nm EQE/(%) RAAW™D) D*/Jones Rectification ratio  Rise/fall time
2012 a-Fe203/p-Si Chemical solution deposition - 403 - 2x103 - - <l ms
2012 Ti02/SrTiO3 Sol-gel 10 260 - 46.1 - - 3.5ms/1.4s
2014 NiO/ZnO Spin coating -1 350 1800 10.2 4.66x10'2 5x10? -

2015 CuO/Sn0O2 Magnetron sputtering 0.2 290 - 10.3 - - -

2015  MgZnO/i-MgO/p-Si MOCVD 6 240 600 1.16 - - 15 s
2015 MoOs—/n-Si Thermal evaporation 0 900 - - 6.29x1012 - 1/51.4 us
2016 B-Ga20s/p-Si Pulsed laser deposition 3 254 1.8x10° 370 - - 1.79/0.27 s
2016 Mgo.18Zn0.820/p-Si Magnetron sputtering - 320 - 4.21 - 32500 -

2016 GO/n-Si Modified Hummers method - 600 - 1.52 - - 2/3.7ms
2017 NiO/n-Si Magnetron sputtering 5 365 - 4.5 - - 266/200 ms
2017 Sn02/SiO2/p-Si Magnetron sputtering -1 365 - 0.355 2.66x1012 - <0.1s
2017 TiO2/NiO Sol-gel 6 280 80500 181.9 1.56x10' - 717/598 ms
2017 p-Si/n-ZnO NTs Pulsed laser deposition -5 365 - 101.2 - - 0.44/0.59 s
2019 n-TiO02/p-Si Thermal oxidation -4 365 - 6.74 1.31x10"2 - 127.6 /120.3 ps
2019 V20s5/n-Si Thermal evaporation - 940 - 0.185 1.34x10"? - 9.5/123 ps
2019 ZnO/NiO Electrospinning 0 350 - 0.415x1073 - - 7.5/4.8 s
2019 n-SnO2/SiNWs Metal assisted chemical etching 5 uv - 0.35 8.03x1012 172.3 -

2020 NiO/B-Ga203 Magnetron sputtering 10 245 - 27.43 3.14x10"2 - -

2020 ZnO/SnO: core-shell NAs Chemical liquid deposition 1 365 - 28.5(= 0.6) 2.9x 10 - 8.75/20.8 s
2020 p-Cu20/n-Si Successive ionic layer -5 500 3780 16.2 1.78x10'2(=0.1 V) 118.4 <10 ms
2021 MoO3-/Al203/n-Si Thermal evaporation -5 980 900 7.11 9.85x10'2 - 0.109/0.69 ms
2022 NiO/IGZO Magnetron sputtering 0 365 - 0.0288 6.99x10!" 7.4x10% 15/31 ms
2022 p-Mn203/n-Si Rapid thermal - 500 140 0.5 7.2x10"2 - -

2022 p-Ag20/n-Si Rapid thermal -4 450 118 0.43 9x101 - -

2023 NiO/TiO2/ZnO Magnetron sputtering 2 365 - 291 6.9x10!" 10* 163/282 ms
2023 p-NiO/SiO2/n-ZnO Magnetron sputtering 2 365 2x10° 5.77 1.51x10" 57 48 ms
2023 p-NiO/n-ZnO/n-Si Magnetron sputtering -1 280 - 3.672 3.3x10"? - 10.5/0.4s
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Fig. 5 Structures and properties of the film-based MO/MO HPDs: (a) The structure of n-Ga203/p-NiO HPDI"; (b) Transient response
behavior of n-Ga203/p-NiO HPDI7'J; (c) The structure of the WO3/TiO2 HPDI?8; (d) I-V characteristic of TiO2,WO3 and WO3/TiO2
PD28I; (e) The structure of the flexible ZnO/SrCoOx HPDY; (f) I-T curves of the ZnO/SrCoOx HPD in different bending states!*]
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Properties of MO/MO HPDs with other structures: (a) The structure of ZnO/SnO: core-shell nanorods array HPDI!; (b) Cross-

sectional SEM images of ZnO/SnO> core-shell nanorods array!®'; (¢) I-T curves of ZnO/SnO2 HPD at 1V bias(®!; (d) Structure of

NiO nanosheet/ZnO nanorods array HPDI73; () Wavelength-dependent responsivity at zero bias ranging from 300-800 nm!"; (f)

Structure of cross-bar NiO/SnOz nanofiber array HPDPY; (g) Working principle of the NiO/SnO2 HPDL; (h) Responsivity and

detectivity curves of NiO/SnO2 HPD at -5 V bias[®; (i) Structure and testing system of a-Ga203 nanorods array/CuzO nanosphere
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