Chalcogen hyperdoped Silicon: a route for monolithically integrated infrared optoelectronics
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Tellurium is one of the deep-level impurities in Si, leading to states of 200-400 meV below the conduction
band. Non-equilibrium methods allow for doping deep-level impurities in Si well above the solubility limit, re-
ferred as hyperdoping, that can result in exotic properties, such as extrinsic photo-absorption well below the Si
bandgap [1]. The hyperdoping is realized by ion implantation and pulsed laser melting. We will present the result-
ing optical and electrical properties as well as perspective applications for infrared photodetectors.

With increasing the Te concentration, the samples undergo an insulator-to-metal transition [2]. The electron
concentration obtained in Te-hyperdoped Si is approaching
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centrations. Those substitutional Te-dimers are effective
donors, leading to the insulator-to-metal transition, the non-
saturating carrier concentration as well as the sub-band
photoresponse. Our results are promising for the integration
of active and passive photonic elements on a single Si chip,
leveraging the advantages of planar CMOS technology.
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Fig. 1: PIN Si:Te detector: device schematics (a) and I-
V characteristics (b). Panel ¢) shows the photocurrent
vs. power at a wavelength of 1550 nm and d) the spec-
tral responsivity under -1 V reverse bias.
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