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Metal Oxide-Based Heterojunction Broadband Photodetector
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Abstract: In this study, double-layered TCO (transparent conductive oxide) films were produced by depositing two distinct
TCO materidls: SnO, works as an n-type layer and ITO (indium-doped tin oxide) serves as a transparent conductor. Both
transparent conductive oxide-films were sequentialy deposited by sputtering. The electrical and optical properties of
single-layered TCO films (SnO;) and double-layered TCO (ITO/SnO,) films were investigated. A TCO-embedding photodetector
was redlized through the formation of an ITO/SnO,/p-Si/Al layered structure. The remarkably high rectifying ratio of 400.64
was achieved with the double-layered TCO device, compared to 1.72 with the single-layered TCO device. This result was
attributed to the enhanced electrical properties of the double-layered TCO device. With respect to the photoresponses, the
photocurrent of the double-layered TCO photodetector was significantly improved: 1,500% of that of the single-layered
TCO device. This study suggests that, due to the electrical and optical benefits, double-layered TCO films are effective for
enhancing the photoresponses of TCO photodetectors. This provides a useful approach for the design of photoelectric

devices, including solar cells and photosensors.
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Fig. 1. Fabrication steps of ITO/SnO2/p-Si/Al photodetector.
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Fig. 2 Opticd properties of SO, (&) transmittance and (b) tauc plot.

Table 1. Optical properties of SnO..

Thickness (nm)  Transmittance (%) Optical bandgap (eV)

20 90 3.81
40 85 3.78
80 78 3.75
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Fig. 3. (8) Schematic and photographic images of 1TO/SnO,/p-Si/
Al photodetector and (b) SEM images. top-view and cross-section.
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Fig. 4. (@) 1-V characteristic of 1TO/SnO./p-Si/Al photodetector,
(b) reflectance of ITO/SNOJ/p-S/AI photodetector, and (c) reflectance
of ITOp-S.
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Table 2. Rectification ratio and reflectance of ITO/SNO./p-S/AI
photodetector.

Rectification ratio Reflectance (%)

Sample 1 400.64 2.77
Sample 2 15.36 5.55
Sample 3 9.57 4.99
Reference 172 -

Bare Si - 38.55

Table 3. Refractive index of ITO and ITO/SnO; in wavelength
of 455 nm, 560 nm, 740 nm, and 980 nm.

455 nm 560 nm 740 nm 980 nm

ITO (40 nm) 4.41 2.33 2.95 4.01
ITO (80 nm) 321 4.46 321 2.70
ITO (100 nm) 5.78 2.84 493 2.65
Sample 1 2.46 2.63 2.32 213
Sample 2 2.92 227 2.85 233
Sample 3 33 2.66 21 244

Ideal refractive index  2.66 2.39 2.23 21
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Fig. 5. (@) Equivaent circuit showing junction capacitance C, shunt

resisance R and series resistance Rs and (b) impedance andysis

of ITO/SNO,/p-S/Al photodetector.

Table 4. Impedance and life time of ITO/SnO,/p-S/Al photodetector.

Rs () R (k) C (nF) T (ms)
Sample 1 123 20.18 648 131
Sample 2 145 15.28 701.5 10.7
Sample 3 18.62 181 651.8 12
Reference 389 14.46 714.2 10.3
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Table 5. Photocurrent of ITO/SnO,/p-Si/Al photodetector.

Photocurrent (1A)

365 nm 455 nm 560 nm 740 nm 980 nm
S1 7.45 24.8 226 335 16.0
S2 116 6.75 2.95 7.56 134
S3 0.81 213 1.46 3.74 1.08
Ref 0.49 9.00 7.44 16.9 243
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