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Abstract: Silicon carbide (SiC), with its wide bandgap and strong resistance to radiation and thermal conditions, is a promising
material for ultraviolet (UV) photodetector applications under harsh environments. In this study, porous SiC thin films with
thicknesses of 20, 50, and 80 nm were fabricated on 4H-SiC substrates using aerosol deposition (AD), which enables room-
temperature film formation. The device with a 50 nm-thick film exhibited the highest photoresponse under UV-C illumination
(260 nm), achieving a maximum photo-to-dark current ratio (PDCR) of 205.2, a responsivity of 0.058 A/W, an external quantum
efficiency (EQE) of 27.71%, and a specific detectivity (D*) of 7.9<X10'! Jones. These results are attributed to an optimized
balance between photon absorption and carrier transport in the porous structure. The findings confirm the potential of AD-
fabricated porous SiC films for highly sensitive and scalable UV photodetector applications.
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Fig. 1. (a) Schematic cross-sectional structure of the fabricated UV
photodetector with a Ni/SiC film/n-type epilayer/n-type sub/Ni
configuration and (b) schematic diagram of the aerosol deposition
(AD) system used for the formation of porous SiC thin films.
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Table 1. Aerosol deposition conditions.

Parameters Conditions
Starting powder SiC
Substrate SiC
Type of injected gas N2
Injected gas consumption 5 L/min
Working pressure 1.4 torr
Vibration 400 RPM
Scanning number 3 scans
Total deposition time 20 min
(a) 300
e e 20nm dark
g 250} ——350nmdark
20 e 80nm dark
£ 200F
>
= 150F
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]
T 100}
=
o
£ SO0f
S
0 r A A
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Voltage (V)
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- =20nm vv =20nm dark
£ 10'1 3 = 50nm vv = 50nm dark

e 80nmM UV === 80nm dark

Current density (mA/c ?
] S
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5 -4 3 2 -1 0

Voltage (V)

Fig. 2. (a) Current density-voltage (J-V) characteristics measured in
the dark and (b) reverse current density-voltage (J-V) characteristics
measured under dark and 260 nm UV illumination at reverse bias.
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Table 2. The calculated electrical parameters for porous SiC
photodetector.

SiC film Op; Op2

thickness [\<}"]‘ I(fi:;l:ry under UV  at dark A((IEZZ\}(]DB])
[nm] [eV] [eV]
20 1.08 5.02 1.56 2.45 0.89
50 1.07 5.12 1.24 2.48 1.24
80 1.18 5.21 2.16 2.59 0.43
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Fig. 3. Measured PDCR as a function of wavelength under -5V
reverse bias for UV photodetectors with different porous SiC film
thicknesses.
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Table 3. The calculated optical parameters for porous SiC
photodetectors.

SiC film PDCR Responsivity  EQE D*
thickness [nm] [A/W] [%] [Jones]
20 97.3 0.037 18.1 4.4x10"
50 205.2 0.058 27.7 7.9x10"
80 169.4 0.040 19.2 6.0x10"
(a) 0.07
~ 0.06F
5
g« 0.05F
£
2 0.04}
=
(=3
2
$ 0.03F
&
0.02 t—t - v
20 50 80
SiC film thickness (nm)
(b) 35
30F
o= 25}
S
& 20}
=
15F
10 Il Il Il
20 50 80
SiC film thickness (nm)

Fig. 4. Experimental (a) responsivity and (b) EQE at 260 nm for UV
sensors with different SiC film thicknesses.

11 2 2 2
A0 50 80

SiC film thickness (nm)

Fig. 5. Experimental detectivity at 260 nm for UV sensors with
different SiC film thicknesses.
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