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Abstract: In this study, to tackle the challenge of p-type doping of pure ZnO semiconductor, we proposed utilization of
co-substitution strategies involving anionic (S™) and cationic (Mg™) ions, leveraging their synergistic effects to modify the
electronic band structure of ZnO alloy to facilitate the activation of nitrogen acceptors. By applying pulsed laser deposition
technique , we successfully fabricated N-doped p-type transparent conductive MgZnOS thin films. The crystal structures, op-
toelectronic properties, and chemical compositions of the films were systematically analyzed using X-ray diffraction, transmit-
tance spectroscopy, Hall-effect measurements, X-ray photoelectron spectroscopy, and secondary ion mass spectrometry.
The experimental results indicate that the prepared MgZnOS: N films possess a hexagonal wurtzite structure with preferential
c-axis orientation. The deposited films exhibit a transmittance exceeding 80% in the ultraviolet-visible-near-infrared spectral

region, and Mg doping significantly broadens the optical bandgap of the ZnO alloy films. The Mg and S contents in the
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prepared p-type conductive films are 9% and 25% , respectively, and the films have a hole concentration of 2. 02x10” c¢m™,

a Hall mobility of 0. 25 em’/(V+s) , and a resistivity of 1. 24 Q1+ cm. Based on the successful fabrication of p-type MgZnOS:

N film, we designed and constructed a novel p-MgZnOS: N/n-ZnO quasi-homogeneous p-n junction ultraviolet photodetector.

The fabricated device exhibits typical diode rectification characteristics (with a turn-on voltage of approximately 1. 21 V) and

demonstrates stable ultraviolet photoresponse at 0 V bias, with a peak responsivity of 2. 26 mA/W (at wavelength of 350

nm). The self-driven photoresponse is attributed to the effective separation and transport of photogenerated carriers by the

built-in electric field of the p-n junction. This study offers valuable insights into the p-type doping of ZnO and holds substan-

tial significance for the advancement of high-performance all-ZnO-based optoelectronic devices.
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Fig.1 Survey-scan(a) and narrow-scan (b) X-ray diffraction (XRD) patterns of the MgZnOS: N films prepared using targets

with varying Mg content. The XRD rocking curves of the (0002) plane(c) and corresponding FWHM of the films deposited

via targets with varying Mg content(d)
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Tab. 1 Comparison of electrical properties of N-doped ZnO multi-component alloy films from this work and those reported in the
literature
FE FHER BHER(Qem) T ERE /em” FEIRIER A/ (em® V' -s™") 275 SCHk
MgZnO: (B,N) p 31.7 2. 63%x10" 0.75 [35]
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(d), and S 2p(e). (f)Secondary ion mass spectrometry spectra for the fabricated film
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Fig.5 (a) Spectral response curve of the device measured under 0 V bias. (b) /-t response curves of the device under different

incident light power densities (A = 350 nm). (c¢) Variation of the photocurrent and responsivity with the incident light

power density. (d) Variation of the response time (7,../74,.,) with the incident light power density
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