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Effects of Sn doping on Ga:03-based solar blind
photodetectors
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Abstract: In order to improve the performance of Ga;Os-based photodetectors (PDs), Sn-doped gallium oxide thin
films were prepared on sapphire substrates by molecular beam epitaxy system. The influence of Sn doping on both
Gay03 crystal structure and photoelectric properties of metal-semiconductor-metal (MSM) PDs were investigated.
X-ray diffraction shows that gallium oxide films change from single crystal to polycrystalline phase when increasing
the growth temperature of SnO,. When 254 nm and 42 pW/cm2 light was used, the responsivity of Sn-doped GaO3
photodetectors reached 444.51 A/W. Compared with the undoped B-Ga,O3 PDs, the photocurrent and responsivity
of Sn-doped PDs were almost increased by two orders of magnitude, suggesting the improvement on PD perfor-
mance. Spectral response shows that the cut-off wavelength of Sn-doped PDs changes from 252 nm to 274 nm by
increasing Sn dose, which reveals an efficient way toward the development of the UV PDs focus on longer wave-
lengths. However, Sn doping also introduces impurity levels, resulting in poor time response of the MSM PDs.
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Effects of Sn doping on Ga:03-based
solar blind photodetectors

Hou Shuang, Liu Qing, Xing Zhiyang, Qian Lingxuan®, Liu Xingzhao

State Key Laboratory of Electronic Thin Films and Integrated Devices, University of
Electronic Science and Technology of China, Chengdu, Sichuan 611731, China

The schematic diagram of the Ga,O3; MSM solar-blind ultraviolet PD

Overview: Deep ultraviolet (DUV) photodetectors with solar-blind sensitivity (cutoff wavelength shorter than 280 nm)
have received much attention because their photo response can be further restricted within the DUV region only even
under sun or room illuminations. Solar-blind DUV photodetectors (PDs) are important devices that can be used in
various commercial and military applications, such as flame detector, missile plume sensor, and ozone holes’ monitor.
Currently, Si-based photodiodes are the most commonly used ultraviolet photodetector in the commercial market be-
cause of their high compatibility with the highly mature silicon processes. However, expensive and cumbersome Wood’s
optical filters are required because Si is sensitive to infrared, visible, and near UV lights due to its small bandgap (1.1
eV~1.3 eV). Therefore, PDs based on wide-bandgap (Eg) semiconductors are regarded as more promising alternatives.
In recent years, several wide bandgap materials consisting of AlGaN, Ga,0;, ZnMgO, BN, and diamond were proposed
for solar-blind DUV photodetectors. Among these materials, gallium oxide, which has an Eg of 4.9 eV, is intrinsically
suitable for solar-blind photodetection. In the past few years, gallium oxide-based metal-semiconductor-metal (MSM)
PDs have been intensively explored.

It is found that the undoped Ga,O; thin films are of n-type conductivity as defects such as oxygen vacancies will be
introduced during the preparation process. However, pure f-Ga,O; demonstrates poor conductivity at room tempera-
ture because of low electronic mobility, hindering its practical applications based on conductance response. In order to
overcome this obstacle, intentionally controlled doping becomes a very important and feasible method. Tetravalent Sn is
a superb doping candidate for Ga,O; because it is not only an effective n-type dopant, but also has a close ionic radius
with the octahedrally coordinated Ga**. Masahiro Orita group used the method of pulsed laser deposition (PLD) to
grow Sn-doped Ga,Os film in 2002; Azuaki Akaiwa prepared a Sn-doped Ga,O; film in 2012 using the spray-assisted
mist chemical vapor deposition (mist CVD) method. In 2014, Du Xuejian and others from Shandong University of
China used the metal-organic chemical vapor deposition (MOCVD) method to prepare a low-resistivity Sn-doped gal-
lium oxide homoepitaxial film. However, there are few reports on the Sn-doped gallium oxide thin films preparation of
molecular beam epitaxy (MBE), which is a new and widely used film preparation technology developed with the im-
provement of semiconductor crystal quality requirements. In this work, we explored the growth of Sn doped Ga,0; film
on sapphire substrates by MBE method. Solar-blind photodetectors with MSM structure based on Sn doped Ga,O; thin
films were fabricated and compared with the undoped PDs. Result shows that photocurrent and responsivity almost
increased by two order of magnitude for Sn doped devices, suggesting devices performance of PD can be improved by
doping Sn in Ga,0; films.

Citation: Hou S, Liu Q, Xing Z Y, et al. Effects of Sn doping on Ga,O;-based solar blind photodetectors[J]. Op-
to-Electronic Engineering, 2019, 46(10): 190011
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