Physica B 736 (2026) 418718

¥

T.'I SEVIER

Contents livte available at ScienceDirect
Physica B: Condensed Matter

journal homepage: www.elsevier.comllocatephysb -

The impact of Zn-doping on the physical properties of nano-structured

Se-Sn-Al thin films: A beneficial study for optoelectronic

device applications

Aadil Bashir Wani *@, Shabir Ahmad >, Mir Hashim Rasool ™" @, M. Zulfequar®,

Younis Hameed *, Mandeep Singh®

* Deparomere: of Plypsics, lslamis Unfversity of Scence and Technology, Awsstipora, Kashmir, 792122, nda

"'Depwmuq,l’?h}'m Jarmin Millia lamia, New Defhi, 770025, e

ARTICLE INFOQ ABSTRACT

Nepworis:
Chalcogenide glasses
Thin films

Amorphous selenium
Urbach's energy
Optical bandgap

D eleciric conductivity
Optoelertronie devices

Thiz work reportz the imrestigation of strucharal, optical and electrical properties of Bey, SneAlTn (x = 0,5, 10,
15) thin films Melt-guenching techmique waz employed for bulk sample synthesiz and the corresponding thin
filems wmre depogited by thermal evaporation technique in order to axamine the impact of zinc (Zn) doping omn Se
SrrAl compound at nanometric scale. Energy-digpersive X-ray analyoio and scanning electron microscopy verifisd
servations revealed the imrestigated thin fAlme follows a mle of direct Trancition. Purthermore, thiz analyzia

dizplayed sigmificant tuning of optical bandgap values from 2.05 &V to 273 eV. The elactrical messurement
Evour the Arthenive-type behaviour, indicating Zn works a2 a netwock modifier improving the conductiving.
Thiz makes Zn-modified Se-Sn-Al quatermary glacoy system useful for memy optoelectronic device applications.

1. Introduction

Mozt of the recearch on glames haz emphazized on lenses made of
quartz and zilicate, which use the vizible spectrum to trancmit electro-
magnetic radiation. But nesd for glasses that can tranzmit in infrared
region up to a wavelength of around 12 pm has increazed due to their
applications in optics, photonica, and optoelecoonics [1].Gemi-
conductors called chalcogenide glasses generally made of chalcogen
elaments like tellorivm, sel=nivm, or sulphur in which other elements
like Oe, Ao, 5h, G2, 8n, and oo on are added to manufacture theze glan:en.
They typically chow transparency from the wvigible to the infrared spec-
trum and are materials having low phonon-energy. Theee glagsez alzo
chow large nonlinear propertiez up to an order of two to thres times
greater than that of the oxide glasses by making themecelves a viable
candidate in nonlinear optics, [2-4]. Oxide glazoes have lower refractive
indicez (1.5-2.5) az compared to chalcogenide glaszes (2.0-3.5) and in-
creace in the order of sulphur-, zelenium-, and tellurium-baced glasses
which enable enhanced light confinement, stronger nonlinear optical
responoes, and greater decign flexibility in photonic devices, particularly
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for applicationz in the mid-infrared region such ac sencing, thermal
imaging, and all-optical signal proceming [5].

Among the chalcogenides, amorphous gelenium (a-3e) iz the most
studied chaleogenide becauze of coyetallization behaviour it chows and
itz unique polymeric structure [£]. Selenivm-rich chalcogenide glases
are more nonlinear than their culphur-rich counterparts, but becauze of
their intringic bandgap characteristics, at normal working wavelengths
(1.3 and 1.55 pm), tellurivm-rich glasses are not appropriate for tele-
communications applicationez, decpite having dezirable optical qualities
[7-11]). Bulk chalcogenides find application in windows, fibre optica,
lenzes, and other parts. On the right subatrates, they can serve az
non-crystalline filme az well These flms are wsed in high-recolution
photoregiztz, component: of diffractive optice and planar waveguides,
and optical recording dizca [12-14]. The properties of chalcogenides can
be modified by the addition of different doping agentz. Significant
changes in the glagoy matrix make the chalcogenide gystem perfect for
devicez that are photoconductive. Zinc hao been a potential candidate
because In's cignificant network modifying properties in the glasz ma-
trix increaze the pot=ntial for a number of chalcogenide amorphous
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